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PEORAMAL ICAEY ZiEMIE, TEEEMHMIE - THEMENS LUSMEOPOTH S, T - BESLTU
HHTADSDFENEGMERTH o fc. FHOEEEEIE. TKEBEKDEHICERNITIREZTT O, 2000
FHFETZIF T 340,000,000 7T (#9 41,000,000 F)b) U EHER 5Nz, ETROTIBHKRERBITHIL T BTzl
EEEEEIL. FHUERRDOREICNT 28ME BMEHE &5ERREeFEZBHEHOE THTLTES.
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RIFFERRE EEREREAEDLHDIFRIESZEHE THRE SN, BIINGHEES LT, EE0LEN
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o IR (N\—FF—2 v 7)) LIBREEERIL. BERECEREEISHETET SA. TETEEL
NIVDANLZ DBAIDGEICTE B, BRFTZEMRT L IoE#Z RIFY 21X AELGRBELNIH D, FHEEER
EREZ. 2ERREIEE L DDEFRNGFHNY ZHE L TRAICRIERFRZRO TV TEHEE
Ths,

° BUAMGSZIF [ HIAREEEL N EELEBANREICE ST ENEETH S, ZTDRDHIITHETIAEE
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ZOVWo el A ETREDNEENICESD B T-HICEZ SNMFMREE T 3 > (World Lake Vision,
WLV, Box 11) EWSRHEH DD B, FHE. HADE < DB T WLV OREMZFIB LIERIDEY 3>
EUDESH SN TS, ILBM & WLV (B DORHG A sE R B & RIRT 5 e HICR A R I EDOmERDER
BEDTH 5,

EBIC. TDEKS% ILBM DFIgeZ1BKRT 51, ILEC (LB RFERICE Y BEERNDZ < DS
FEEE. NGO. 17BuRE% (L Csd. GEF. E&EIRIFETE (UNEP). EERHETE (UNDP). S LAY —ILEHE.
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Box 11 tHEM;BE 3> (WorldLakeVision) & EFFHEE T BEHEND ILBM Dz B

WBERBDREICDOVWTLKEY 3 v 2HEBET MU EHE. ZLOMBTHEINSLSICE>TER, TD
BRI HFHELEY 3 > (World Lake Vision, WLV) S1THIETEIARES 270V TV FDEFEEHH S, ILEC I
EEREE (UNEP) ZIZLCsHET 5% < D NGO WHAMZHE. FMRG 8@%7‘37&%'{1‘&5@53}17& Evav:
TFENDLUNS (World Lake Vision @ A Call to Action) &EtEFMBE D 3 V178ETEIREE (World Lake Vision
Action Report) E1ERE LTce HEMEAE Y 3 VIELIFD 7 DDRBIIC K 9?1‘%552*1’1.’((/\%0

JRE1 AR & BADIAEM LIBERIE. HORFFRTREIEICE > TR R TH B,

JR8 2 OIS, HORFFHFIAD SO E - BEORBENEER CTH 5,

JR=8 3 HORIBEBECDRERZR ICIE. RN TFHNGENIEHBEATH S,

R84 HAEERRDEREREIF. REGRFEAFIRGERRDOBRICEDNT
TOEITNEE ST,

JRA 5 Bt B, HOEBREBICHEV T, BHRS LUFRHROERE
BADEREZERL DD, HET HHAEBONFZRYT 5 EHNRBETH D,

R 6 SRHBMEDIER S BARADHICIE. FRBLUZOMOFEEGRED
BNER TOBMERRHT NETH2,

=7 FTRIBE DRI D ITIE. RFMH, BB, INTOREGRENDERNS5%Z
BBt L LI BEGHNF > ZEFHIHBRE R TH S,

(http://www.ilec.or.jp/jp/wiv/index.html)

LTEOHFMBLE Y 3 Vi, BATEENEE L. EMICMIBEDIF SNz 3 »5HE (Vision Plan) ICREBT 3T
EbH B, BUTHEDESIE. ZOMICHELDETHHEET L7 2 —RIDTEEHE (Action Plan) PEEBIR

HRIAT ZHDOEEETE (Management Plan). EBHDETHEE L TRIICOI2ERHRRLRLEERTS

¥ &5tE (Comprehensive Plan) 7 & QBRI EEDHBIOFMEHF DA E L TEET %, TletFIAOY—=
/7&&%55’]&3’%&&#@ (Statutory Plan) WERIEREEHME (Environmental Impact Assessment). & 5Tl
HBRMIRIRSTME (Strategic Environmental Assessment) &S EEAED—RICHEIFATND Z EHH S, GEF I
RENMERDOEZHIET 2B AREEEDRELZZIET Hic. EEENTHH SO > L (Strategic Action Plan)
DREERD TS, ILBMDEZAHBINSOFFEICKBEND Z LICKY., FRAEGEROFIALREICH
WEBBRIEA/NF > ADBRICDIENS T EDEFEND,

FIR17. JBIO). MBARBEERZHET 52FXDERE @ﬁj‘*ﬁ (77U A-ET )T HRRIEEES 2 BiER.
HRIRIT) GEICIMYBATNS, TOXOGEBZEL. ILBM DE XA O HEFROMBERDOEHGAIRES
FIALR2ICEM LT T EDBRFENS,
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ZDEROFHGARRLGIALREZRRI BHITBELEZHFZRLTWVS, HEROHBRRONEIF. REAICH

fc2BOGECANIT I Y b A2 FOTTC, MBREHIOHHE. BEROREHPERIE. FIEBGEEDOSM. RIENMR.
FRATHVER W) #E A DETRENS SRR FERTRI R BOROFEZEICE W AEE ILBM ZHHET 5 2 & THID TRIBEE 5D,




SEEN | GEF-LBMI REZDHE

\

SEER | GEF-LBMI IREEDHE

I TN : THBEREERY S BAREEOMBEDICHEIEL, TLLTTAY Y bOBIEZER
AP LTWa, BEIE £1E A SRS BREEEORERL S . F2E NHEOBEARSF
B, B 3T TAICKZHBOFA « ERME. BE. @ENR] HSBREINS,

[¢

1 &5 & UTORETHEAENTLS.
5=

O BKOW  EEEL. BESH?

O Favzd FOEHNIBEDKIN. KEAIHSFEU
2%

O WRETZEHE

O Oy bosEmET O—F

O REZOHER

2 = (3. HEAREEEAZZFTLETHST
BHEITNELESEV. HBWIETR
iﬁkmﬁif"ﬂ BEEDPADFHEREE L TWL 5,

O HIER EDHBEDEE S SR
O HBOEELE  REFOER,
R, BORE. /hm:ltlg'ﬂ:
O HBICHIB U B EMDKY AT L EDE
W (RTERAT BIE. RUSERE. EHS
L)
fe& AR TEMGRLERE DIETIE. B
SV N VDREBREDERLSXUZDHDK
BREICLZEERDE. BTS20 b VEDIE
MEBELCBMNIZELDINEZ—VDEL BEY ., FEE
DHBHMRHIFEIRT 2L TICRVEBHLLHL S &
SHEELTW3, Ffe. PCB(RUEET T Z=—)b)
MU oS RYEHEZE L TREIC
ERINDETlc, ATFELEBEINS, TDELD
G EARNEZENGE-E N > e L TRERBRESX
REEDTODEITNEESTEWEBNLTWS,

HADER. & K

23

=E I HBLTORBZEEETSER
lCDOWTEHR L TWL 5,

W8 & T DRBOERIME
FoRE A e
HADPHNEE S 5 HMEN G RTE
HlzicieT U D DH B
BIEANDRAL : EENTA
HEBREERDER

CDETIF. $RRITHBERDMIEX 7 DA%
Rl ZNENHDHAREEEDES. ThbhbbEE
[ BRCH Y 2 2 AR EEE DR, - (48] - (B
((B4E), WRWGBEEDRR (BE55F). RS
m (F6FE) . HKiMiBIIG (B7F). FHR—BFHY
7 7O0—F (B8FE), BeifhiE (Fo9F) £&
EDLSICEb>TWAhZERE L, £l £
REREEA. HROMMEZSMELIDTOI T
7 b THgE LIRBEDRIGETR LT,

COOOOO



BEEN | GEF-LBMI REZDHE

BIER:
HAEREERET S

B1E ®2E
WATHERORRE S AR BRI

v

% 3= HEEREOFA

IR \
AR EE
HINF > ADREE
B4E B - 55
$5= B6=E $B7E
ST B D ERBM s
SRR | & 184 (R - 25 - B BIB9S
v v
FQE ;AN WOE : BoTE

=R -
= ek =N

B 10 Z  HtEOSTEE =

I

B 11 ZE 5w A5EBRCATT

24



SEEN | GEF-LBMI REZDHE

TN TARBDOANTFTVRAEVSHREAICESMYBED ) BERREEDERIBDIHEZT %,

=XE CTlI. HBRIERICEVWTHEET
BHEM - . TNSHEMICH

BET BIcODICRRINERBZRNTWNS, 1T
K5, miERz#A 58 mE (transboundary
lake basins). & < ICERHAREZERET 51
HOER - EFITDOWVTIE. GEFHAZERRE
LTWEWHBEZDRBEBOHRTELOSNE
HAE RS HHELDH S,

O HBREEEROERM - 4 (B - AHI0\E.

fa - 75Hl% & < HERE)

O EROTHR - FERE S CHSERREOEED

&

&

BER (MUBRI DR AIDEE. HAE DIELE. k-
IR 5 E5)
HRFIEOFIE L0 (B - #15 LAILOITEL
FERBZREDBLVSIZTIREE § D8 - 5.
BEfZ DRI - 155 & Z D)

WEHSE (7Y FANF VX)) @ B - &
FlER(b T 2EG CEERAL ERME SEEH.
R TAER])

ZOMh, B - AHISROSNEEE LLEE

28 RO EELEE

1.

2.

3.

4.

5.

6.

ABDENE EITHRERIE—MRIC—H LGN, L
feh o BREOEREMRENICT THBITIE
TNUTSEDLVER - A OBRNGETH S,
HARAERICEVWTERLZDIE, Eix o fchii -
R - AL AE I D3RSI HE IRV GBI DHEE, R4
BEy2—70Y17 FOBEEREOHR. FH—7
A75 LEOHE SARBERE. #51TEHRRRDRE
M LG ETHD,

EIfF DR - AFIOFEEEZRIETNIE. HAT
FLOERL - AfZ DY EF2REN GRS T
LE6H%,

ECRAL ERELEHASEE. ERIENE E%E
UNCRBRY B4 /\F > ADRHEH S HB R EED
1B - AFIDOBRICEBICEETH S,
EFHEREE EET 57D - AL, K
EONEHDEFRELNSEEENTVRIEE L. B8
FEHIEROBEFREFICHE TN TV EHE L TRER
%, BMICHEEET BIeolid. TN ZTNOBEA R
RENKEZRR KRR 2RELNDH B,
EEIRAEDRE. AV /N\—EDBUEHNER.
BLEEBZT. BLUORT—IRIVE—DEHGES
7a< LT, MENGHHEREETEIEY)IHEE L
AN

25

X Cld. HEREEEAMRNIESD

BIcHOBERY —IVDZR, &< I

BENA T4 TERBITOWTERLT
W5,

RIS
RIEENDBERFENDRIE

TR - FEHSDH DY AFFDBER
EHAREICKBAZE O]V R -7 - b
a—) VB

HET2HHELZEMMFED. HEVEHLHEE

FEmT 25%

BHROBEFEOEHEDY

BED S DRRER | BURHHRIhT 57=IC

KR, BERFE. BLUAHNFVR

28 HBDEELHE

1. AR DRI GFIE A B L iF . AEEBER
FROZEARIFAT ST LIEHEREL,

2. REREIRIG BN EICRIITCE. TORRE

RLPTOVERCTEBERFERDE RS L THRA
Tha,

3. BERE R A ShRINCTIT S ITIE B o Fe BERF R A
HEDETITOBREN DS, BERENRMITHEITT
BIclE. BT EILRBIED LVWFERARAT S
WENH S,

4 BYIHFEZRY) T EEDHETE LICBERFER D
AL TEMRERE TERLN,

5.8 8% ®RemE LTREHR L CEROERZILO S

EEWSTEIFTERL,

SO0 O OO0



BEEN | GEF-LBMI REZDHE

= 3. ZHERETOERSMITON

CHRES L UEY #H DRI T

EREBNTVD, BIXFE. HlEEUTDE
BHSBMENTL S,

FESM
FIEBREDES
ERDE _LEDT=8HIC
BREHE
HIHRICH T RHE &
DB

NGO & CBO Oi#FAEE, JZa2Z45—Yav. Nt

EXEICHITB188

28 HBDEELHEN

TLEROBEOH R HEEIEELIC L TITBIESE
DEEOHFHR T 2R & VIEE DR,

2. IO BHER OMEER. (TEREE ST %
IELWEBfRE C L OHBRIEEEOHEZ gt s
IERITFTANOND K DICEHKRET AT EIFHLLL.
EITEHEINITCLY,

3. EEHFE WERINTOEVHEBGRE ICBERER
TAtRATBMLTES 3ol FhicsiEh
LOESIMEED 7 TO—FHRETH %,

458 FEDIBE. HEHRICHITZEEREARNET
BT ENHBREEERNDOBNZRET 2 TH 5,

5.CEPA ONEHNFIRT B ICTISBREHHD B, RN
ICKERRRE 5T T EERFTBATRESL
TELRBREND B,

6.CEPA 7075 LOERICIE TR BEERIF & 2 —
Ty hETBYIV—-THEZ TV EREE TR
TBRELH B,

7. BROEFETZ. BABE CAHERRICH B
HOSMEBET 5 Lid. HBREEEEREL
TWK ETIBICEETH S, HBEFRELETDRE
LT RREEDEZDRE. Brh—HEIChL—Z
VI EZRNT B EFICHRDETES,

8.NGO ® CBO (Mgt lc®E LIcEEEXIET S

1) (&, BUAREORE PBUANIERDER.

INHEREZ (CEPA) DWW

COOOOOO

BOEE EOMRERE. Xv bTU—F2 T BHBRK

EATHERE & ulgitt = & DN
CICEBEGREZRET,
9. MBRFIEFOMIE T O F S Lk NGO HHE L TW 3
BakoO—/N\IVEA 22771 TITEHLTWVS
WENH S,

MEREROFE. 7

26

X (X, HAREOEMHEEHZ N

TNOWBRBTEDLDICTTH

N, LT DRIEEN - FINIEEDLDITEAS
NTWBHITDOWTER LTV B,

&

A, KA > R Y — R (FADOFER
EEO TR, —R, —ROE, BENE - =K
LB, TEHKNER)

ATSRHOFIH

feEEy

PR, EMPONE BREMDEA, £

BIR(E)

SRR, (LS

PN, WIS AR

B (3o%)

fssit 5 DK

B (LwhtD)

A ERY

28 MBDEELEHEN

LRGN AR G TE. O3 & ZOREDR
LOMBE HFDHT EIZTERL, IBENEERE
ERT BRENG B,

2. KBOREEHHREE 5> TV BHEDEE, 7
DERE% 2% 1Es THIL LRI UE—D DR Bl
LTET CHRAEMIUT Y. REDRRICIE
CY- 308

3RRDIBE, WHT B ERMEDREESIET 5T
ERTENIE. EBNNRERIET STEEENS S,

4. HKPEADEE, ZOREESSBAICE>TIE
FSREBD, LHLEL DBE. HAREKT S
Il & > TRAGRBAET 2,

5. TIRHNERIC D B EAIE. RUEBKAG | EHET
TREMEAOMLER LGB S ENEER
HTH 5.

6. FAGEEED FALERBADIRE F BRBEOYE &
WSkl EEREOREEANE LTINS,

7. TR D FANERIC 13 S D R E )
TR, KBRS VEEBEREL Vo AE A
EMERELRST.

8 BHHERDREDEEHE-T LV HBE. RLES
BEICEZDNETH D, FHMEHITT SN
LItpaicid, BEAERTES>TENELHEIC
ERAOBEHNETL 3,

0. WIS T & B EBEREE RV E K55

WEAE S| SR HAENA B HD TEEN DA

HROUETH B,

COOOOO OO0



X (&, BR. #20mmhH SREFEME

BRE AR ERICRT 2EE

HEHBDOXKEPEERRDEZ=2) >V JITDOL
T LTV 3,

AR ERICH I BBRONESE
RENBEREZMES CHEREEROERMEETRT.
BICRAGVEESEEBESHICT B, MEERADF
DHYEBBET) IICEBFRERREE T )
O BFICESEWAE (EZ2U 7 0OffMiE. N—X
SA &M, BEROWROFHE, MEEZ21) T
THH. BRGERR)
O BROREF (BEEFES. EYELBRE 2 —.
EESM)
O REMRAEREE-A2Y U IORT. Bt GHER
icwmE LzeE. ERMGESE OIS
L. BREBOERY #BFr. GEF OB wraTm & BBk
K7 7 3 VEHE)

O BRNREABRGIERELIE

28 BN EELEEN

1LIFRIEBM T, TEICEREILET 5T LISRATRE
THB., LIH>T. ZRELGBERI TV EZHBE
BFEEAIIEVERET ST EIZFESTWVS,

2 MR TIEAESN TELMBIIELICLTRBS
éﬂ%?b\b\l BEBRRABRZZATVEIENZN

BRIEE LTEDTENARGEN S,
3./Eﬂ/numi'ﬁmfid)§[]“ﬁk’\ A KL GHEBFREIC
LOTHRELIF SN HEEN FBINSHITIE,
£ CONEBEFREDRENGHICRDERE IHHEID

ERPED SRS L THRITNIE G SR,

4. BRRREEPHEBFREICERLATVE
Tha,

5. T DBAZEERRIE. —ARIC. HERDSIEHRREEDE
NG ETEVRAETNIERE CIIR BB WVEEZ
RIcT, WHEDFHTHHRVFERE EEMEIR
3. RElcOfc2glcEE LI REMRZLNE
E9%,

6.EZ2UVIIE
BNETH B,

7. ZEEBBNCEMICLTHEINETH D, fcEX
. BBETIVREEICEMEETIVLTHELONS L
ERRICERTHRERBREZEA ST ENHFKS.

OO

HRITER

. BRI TTELLEREETRET

27

BEEH | GEF-LBMI R

X (I, HEREEED O ICHELEF
B pEEs 0ROV TR LT

9

W5,
O HBEBEDMNHS
O MIETEHHTIOR (ERARE. BREHME. ML

LIcBR. REMEEMBIEDRA. BADSDES
HBDWIEFBHNEIT LTINS NED. BRE
DHRDOBRE & VSRS —R)

<O BEDRFR
O AEEE BRIGT—XELTOD GEF. AEREZIE

DED ? NEBES DR B2 HERZ fRIE ?)

O EBNMNERZBSREMNESE

28 HBDEELHE

1.EAD S n&ESFEFBHNLD (RELEGZCTR
WIBEDT—RLH%). FIATREDEND&HT
HBHENEZ, LIeh > THEAREERE ISMA
LNIVBBWNNEELANIVOSBIEE - MRZHRY
BRENDH B,

2.BRIEERIX. FEAEDFE. EHBWNIMA
b’\)b@ﬂ?xﬁbc?ﬁ%t_tb‘%b\o Lizh>TEND
SDERIS. RENGEEDOHITORDHEE DLW,
ZTNHSOEYBAHCTDENSZ L DEEHEEFN - A
FIRENCEITBIEDODEE LU,

3EAERE L THEENZESHE0ERIE. BE.
ELANILHZDWNEEADSTRET 5, —A. sl
NIVDORRIGSREEWNICRE L HHFFEREREDS
HWEEDTEDHICEETH %,

4. (BLEEICHITS) BENGEZZ2 >V IOHER
FOREMRIERDEE R EICHEZERDRERIT
LV, ThINFESHBEELREZRLES
PELEH. RBICOEOTREENZINELDTIE
AN

S5. &£ oNcEEMIEICTEY . TDRAZDZ—XIC
ISCTER. DDOMBEEFRNZ DRGRERE CEL
TR, BeiNZRIRT 5 LB TIEEL,

6. EFHBD L ST, WHETAY Y by A—/N\Ib
TERERDBBE. 7OV bTEITHELT
WK K WURNG 7O S LE LTHBT BT ED
WETH 5,

7. HEEIC T O— NV EERE S5 T oICiE. B
BRAVGER Y fEdHr & REDMEMIEEEEORER L
EENRETH D, CDHFE. NEPESEBIEED
FLOLESEEOMHHEAZ DY EIFTOCRED
H%,

SOBIE



BEEN | GEF-LBMI REZDHE

Il
(=

ICmAlF Tl lck>THBRENTW S,

D TEEMk) & F10ED [FHENGHARAERICAT Z5HEL 811 8D HfcGER

1

X (X, HAREEEET HOHDEE
WTEICDWT, E4E~F9EcD

fe o TR ENTEHEERD EDK S IHEHIIT
SN RETNAEINENCOWVWTERENT NS,

<&
&

&
&

AR E R EE DS E. B
HBEREEREZ S < HETBOMRE. €2 3 VFHEL
70 aVEEEN AGTEL, REFTE. EEFEL
RIGRERT & WERAVERIRST M. HBRRIITEIEHE
AT EEE DR
EBER. T2 2T EIRIGHER

28 RO EELHE

1.

6.

HAREOFE IO XICHENT. BIETHEN
BYEERBICRAIRG 6 DDEBEREMRE L TL< L
ENH B, HBRETEITRARE ERRBREDADMH
HEHECE LB S BEZ L AITNEESEL,

FHEDERAICK > T DOFEE PRURERIIED S,

BECESLFELVBERICERZEDESIEDT
TN EV 3 VEHBEOREZE S LT &V
FHGEEABNEREIE TV IENTES,

SRAFTEIEEGZ otV 2 —DEHERENT S

EICE>THBREBIF TN T EDNTEBREWNSF
mhHB, LHL. ZhaEE - AEIT 20X M
=< BENBEEDOZbICEIHICHIGLICK WL E
WS BAHDH B,

GEERTEIE. BIFOARIE LR - 46 DOE %

EH L. HBREICE W CEITY 2R EE %2 HiiH
TBHIENTED, EEFTEIE. RIERETME
BRRERISSHDREM & £ B, JRARRITTERAEN
BNETHD, FREZITI BlciE. BREANS
> AR X - AAHI EDBITREAID AR T
HB,

RERPECIE GEF R 8 BN S5 3 HAIC DL T

ERRRAESENSHE (Strategic Action Plan, SAP) HVER
EdNhfz, BHIDICENE. SAPIEt T 2 —F%
IR & E DB DEIEHEE I C B REI R Rz L.
HETCREABERICREGENSE T 5ERER,
U 2 —FHE & HIFEHEDORE L. BEHNRL IR
BETALSEBEFINETHD, Fle. BEEDIT.
REITIS CH DERIEISEICHESD TWKRNETH B,

U2 —FtE S HEETEIE. (1) Bl40RFETOY T

7 b (2) REBMROSBERER. HBHULNE (3) BRD
BHERICK > THHRICIIREN o e 7Ry Ty
FDRA-TZRRIHKRT BT & GEZEBLT
RETZHENTETH S,

28

8. 5tEIE. HEDZ—XDELPAMNERZER L
TRIATHINETH D, £fe. FBERRDE=%Z
V2T DERERRINETH D, BRICKO>TR
HYDFEBIICWODEWNT EDBEH. EZ2Y
VI K O TH I GREZRET T EDAIBETH S,

11 &% uroRETHEEENTLS.
5=

O BEOMAREEEYBIMET 5 CHEABRICHET
THERINEL)

O HBAREEEANDKRAGES (BER OB, BrA
MO, BHEVMERDE. BUAW - ENERE.
MENVITBOKE., EE8FE)

O BEORRICEITT (BIEHERE L BEERE
g BMRERDES. €Y 3 0HEE, BUAMAX
BORR. RIENADSOLZFHOBER. 7 2—RH
KU 2 —NDEERE. FHORILLE G BRI
By IBERDINEE)

O U—ARBZT 4 hSBIEGHBEEADHE GRiZio
BR(oxFD. RO DIBSHEEFEERAWNS.
AR EBEORBEMRT 5. 7 2 —BPITE
HBROREERET 5. 4/ REREDRHE.
HEBFREOBE. MHBRIBEDHHREDIEHEE)

O Ta—N\IViaEMinI. BSOS IUEREEIC
BT (FO—/\iEBmeE/N—rF—y TOf:
i<, 7 O—/ KA REAENRN—ADFRRD=
)



BEEA EREHEREZESR (ILEC)

T 525-0001 FEREZETH FHIET 1091
Tel : 077-568-4567

Fax : 077-568-4568

e-mail : info@ilec.or.jp
http://www.ilec.or.jp

COFSIEFREEDHFE

ZITTHIEEL=E LT o f | 88 : NASA Blue Marble

o






IMPRINT

The PEATLAND ATLAS 2023 is jointly published by

Heinrich-Boll-Stiftung, Berlin, Germany

Bund fiir Umwelt und Naturschutz (BUND), Berlin, Germany

Michael Succow Stiftung, Partner in the Greifswald Mire Centre, Greifswald, Germany
UN Global Peatlands Initiative, Nairobi, Kenya

Chief executive editors:

Inka Dewitz, Heinrich-Boll-Stiftung (project management)

Tobias Witte, Bund fiir Umwelt und Naturschutz Deutschland e. V.

Sabrina Hiipperling & Jan Peters, Michael Succow Stiftung, Partner in the Greifswald Mire Centre

Managing editor, graphics research: Martin Eimermacher

Art direction, graphic development: STOCKMAR+WALTER Kommunikationsdesign

English editor: Paul Mundy

Proof readers: Carina Book, Judith Hoppner; Joan Lanfranco, Heinrich-B6ll-Stiftung European Union

Contributors: Susanne Abel, Linda Archibald, Lea Appulo, Alexandra Barthelmes, Uta Berghofer,

Katja Bruisch, Mathias Biittner, Marissa Davies, Inka Dewitz, Samer Elshehawi, M6nica Maldonado-Fonken,
Greta Gaudig, Olivier Hirschler, Monika Hohlbein, Heike Holdinghausen, Sabrina Hipperling,

Hans Joosten, Dianna Kopansky, Serena Lew Siew Yan, Cristina Malpica-Piferos, Asbjgrn Moen,

Tatiana Minayeva, Anke Nordt, Faizal Parish, Jan Peters, André Prescher, Christian Rehmer,

Curt Richardson, Ricardo Rozzi, Maria Strack, Franziska Tanneberger, EImar Tannert,

Harri Vasander, Irene \Wabiwa Betoko, Jutta Walter, Thomas Westhoff, Sabine Wichmann

The views do not necessarily reflect those of all partner organisations. The maps show the areas
where data are collected and do not make any statement about political affiliation.

Cover image: © STOCKMAR+WALTER Kommunikationsdesign
Editorial responsibility (V. i. S. d. P.): Annette Maennel, Heinrich-Boll-Stiftung
1st edition, September 2023

ISBN 978-9-46400749-7
Legal deposit D/2023/11.850/1

Print: MURIEL sprl, Rue Emile Banning 96, 1050 Brussels, Belgium.

This material - except the cover image, publication covers and logos - is licensed under the
Creative Commons “Attribution 4.0 International” (CC BY 4.0). For the licence agreement,

see https: [ [creativecommons.org licenses/by[4.0/legalcode, and a summary (not a substitute)
at https: [ [creativecommons.org/licenses/by[4.0/deed.en. Individual graphics from this atlas
may be reproduced if the attribution “Eimermacher/stockmarpluswalter, CC BY 4.0 is placed
next to the graphic. Please cite as: “Peatland Atlas 2023, Heinrich-Boll-Stiftung & others”

@creative
commons

The contribution of Michael Succow Stiftung was made possible by support from Climate Catalyst,
a project of Rockefeller Philanthropy Advisors.

FOR DOWNLOADS

Heinrich-Boll-Stiftung, https://eu.boell.org/PeatlandAtlas

Michael Succow Stiftung, Partner in the Greifswald Mire Centre, https://succow-stiftung.de/peatlandatlas
Bund fiir Umwelt und Naturschutz Deutschland, https://bund.net/peatlandatlas

UN Global Peatlands Initiative, https://globalpeatlands.org



Q

PEATLAND ATLAS

Facts and figures about wet climate guardians



IMPRINT

FOREWORD

ABOUT PEATLAND

A VERY SPECIAL ECOSYSTEM

Mires are intact peatlands and home to rare
plants, rare animals — and enormous amounts
of carbon. But draining them for economic
reasons puts them and their resident organisms
at massive risk. It poses a massive threat

to the climate too.

UNDER THREAT ALMOST EVERYWHERE
Peatlands exist in the mountains, in

lowlands, along rivers and at the coast. Their
vegetation and condition vary from one climate
zone to another, but all types of peatland

have one thing in common: their continued
existence is in danger.

HELP NEEDED

Huge areas of peatland around the world
have already been destroyed. In the tropics,
peat swamp forests are being cut down

and the land drained. Fires and climate crisis
also pose threats. Attempts to protect the
peatlands have so far had little success.

PEATLAND ATLAS 2023

TABLE OF CONTENTS

LIFE-GIVING MOISTURE

Peatlands and other types of wetlands foster
biodiversity and protect humans and nature
from drought and flooding. But they are
some of the most threatened ecosystems on
the planet. Current efforts to conserve them
have so far proven inadequate.

DRAINED PEATLAND RESULTS

IN HEATED PLANET

Because they take up greenhouse gases,
peatlands cool the climate — but only as long

as they are intact. But these peat-covered areas
have been - and still are being — drained for
agriculture, forestry, peat extraction and human
settlement, exacerbating global warming.

FALLACIES OF IMPROVEMENT

Humans have drained peatlands for centuries
to provide land for farming and settlement.
History may help us recognize the fallacies

of supposed improvement, remember the
presence of destroyed and often invisible
peatlands in our landscapes, and advocate for
the protection and restoration of peatlands.

SAFE HAVENS FOR ECOSYSTEMS IN DANGER
Peatlands all over the world sustain a rich

range of habitats and species, including

a wide range of threatened and endemic

ones. Policymakers are called upon to protect
these unique landscapes.



PEATLANDS’ RAW MATERIAL

Peat consists of dead organic matter
accumulated over thousands of years. Since
centuries, peat soils have been exploited to
obtain fuel or raw material for growing
media. Peat extraction and use is harmful

to the environment. Sustainable alternatives
will only prevail if politicians act.

THE COWS THAT EAT PEAT

Our consumption of livestock products
has an effect on the climate — through the
emission of greenhouse gases and the
conversion of natural landscapes into
agricultural land. Even more greenhouse
gases escape into the atmosphere when
peatlands are drained to allow livestock-
keeping or to grow fodder crops.

PEAT, WIND & FIRE

Three percent of the world’s peatlands have
been destroyed for forestry purposes, releasing
large quantities of greenhouse gases into the
atmosphere. Drained peat soils are the scene of
devastating fires that are used to clear land.

FILL IT UP TO THE TOP

Drainage pipes and ditches are still being
used to drain peatlands. Rewetting is
urgently needed to protect both the climate
and biodiversity. But how does this work —
and what do we have to consider?

DEFENDING DIVERSITY

Europe is rich in peat landscapes, which
differ widely according to the region and
climate. But one thing that the European
Union’s programimes to protect peatlands
have in common is that they are not very
effective.

THE CONSEQUENCES OF
CONSUMPTION

The consumption and production of
commodities such as timber are major
drivers of deforestation and forest
degradation. They also cause peatland
degradation on a grand scale.

MORE FROM THE MARSH

Reeds are used to make thatch for roofs,
and grass fibres are used to make

furniture: paludiculture combines peatland
conservation with agriculture. Strong
political support is needed to give this
sustainable way of using rewetted
peatlands a chance of success.

SCORCHED EARTH

People have been using peat for heat

since the Bronze Age. They still do so today
in countries like Finland, Belarus and
Rwanda. This is not sustainable — but there
are new, climate-friendly ideas for how
peatlands can help generate heat and power.
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SMALL CONTINENT, ANCIENT LANDSCAPES

Few peatlands in Europe are located

within protected areas, and even there, they
are not always protected adequately.
National agricultural policies provide little
or no support for the development of
sustainable peatland-management practices.

ICE AGE LEGACY

One-third of the world’s peatlands are in
North America. Those landscapes close
to urban areas have suffered severe

degradation, and urgent repair work is needed

to restore them. In the north of the continent,
peatlands are increasingly threatened
by the oil and mining industries.

YOU CANNOT PROTECT

WHAT YOU DO NOT KNOW

From lowland swamps dominated by

tall palms to the treeless cushion bogs of
the high Andes, Latin America and the
Caribbean are home to a huge range of
peatlands. But relatively little is known
about them — making conservation difficult.

PROGRESS FOR PEATLANDS

Southeast Asia is home to wide areas

of tropical peatlands, but many have

been damaged by drainage and huge peat
and forest fires. But Indonesia and other
countries have been making significant

PEATLAND ATLAS 2023

progress in peatland conservation, with
a big impact on mitigating the climate
crisis and conserving biodiversity.

GUARDIANS OF BIODIVERSITY

AND CLIMATE STABILITY

Some of the world’s most important and
most recently recognized peatlands can
be found on the African continent.

They are home to unique and rare flora
and fauna - and threatened by the oil
companies’ greed for money.

NOT JUST A CRIME SCENE

For thousands of years, peatlands have
served as the backdrop for horror stories.
In gruesome legends and lore, they
swallow people and even whole towns,
are the home of ghosts, the devil, and
many other supernatural spectacles.

A FEASIBLE OPPORTUNITY

= WITHOUT ALTERNATIVE
Rewetting drained peatlands will be
a major challenge for societies all
over the globe. Achieving success
will take innovativeness, political
initiative and a paradigm shift in the
global economy.

AUTHORS AND SOURCES
FOR DATA AND GRAPHICS



FOREWORD

eatlands are a mixture of elements:

they are both water and land at the

same time. They form where the soil
is wet all year round. Waterlogging pre-
vents dead plant material from decompos-
ing, creating their characteristic organic
soils over thousands of years. And peat-
lands can be found all over the world, from
the Arctic to Europe and the tropics, all the
way to Tierra del Fuego at the tip of South
America. They are impressive ecosystems,
rich in rare animal and plant species. Their
peat soils store enormous amounts of car-
bon, so they play a decisive role in climate
protection — as long as they stay wet.

In the past, people in continental Europe
showed a great deal of respect — and
sometimes fear — for peatlands. They were
shrouded in myth: they were dangerous
places, home to mysterious creatures
which were better avoided or treated with
deference. Then, a few centuries ago, peo-
ple began to make use of these fascinating
watery landscapes, draining bogs and fens
to make way for houses, woods and fields.

Today, peatlands provide vital services to
the communities that live in and around

them: they regulate water levels, main-
tain water supplies, and moderate floods
and droughts. Indigenous communities
who have lived in peatlands for genera-
tions have deep-rooted cultural ties to the
land. They fish, hunt and gather medicinal
plants from the peatlands.

But peatlands are still being destroyed all
over the world. In Central Europe, well over
90 percent of the peatlands are affected; in
the tropics and elsewhere, healthy peat-
lands are being lost ten times faster than
the peat can grow. Agriculture and forestry
are the main culprits. In Europe, much of
the peatland is used for livestock, particu-
larly for beef and dairy production and

for growing fodder. Many governments,
and the European Union (EU) through its
Common Agricultural Policy (CAP), even
subsidize agriculture on drained peatlands.
Peatlands are also used to extract peat for
fuel and as substrates for horticulture. In
the tropics, the destruction of peatlands
has proceeded apace, driven by multina-
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tionals from the Global North. This has
far-reaching consequences for the regions,
including the use of fire to clear land for
palm oil plantations, and the felling of
valuable tropical timber. These peatlands
are often peat swamp forests, where gi-
ant trees stand on deep layers of peat, so
storing large amounts of carbon in the
wood and the soil below. Such rainforests
provide a refuge for unique plants and
animals such as orangutans and lowland
gorillas, and at the same time protect
people and nature from drought and
flooding. All this is now imperilled.

More than 10 percent of the world’s

500 million hectares of peatlands have
already been drained, and a further
500,000 hectares are destroyed every year.
This destruction is both accelerating
species extinction and fuelling the cli-
mate crisis. Once they dry out, peatlands
change from being carbon sinks to sources
of greenhouse gases like carbon dioxide
(CO,). Worldwide, drained peatlands are
responsible for around 4 percent of all
anthropogenic greenhouse gas emissions,
peat fires excluded. Intact peatlands must
be kept wet and be protected to prevent

PEATLAND ATLAS 2023

further emissions. It is also possible to re-
duce emissions by rewetting drained peat-
lands. This preserves the peat and retains
the carbon it has built up over centuries.

For far too long, many institutions have
ignored what is now widely recognized:
protecting and restoring peatlands is
an important part of tackling the
climate crisis. And therefore, we need

a fundamental change in the way
peatland is managed. Livestock raising
and plantations on drained peatland
must be reduced. Alternatives to
conventional intensive agriculture are
needed to use large areas of wet
peatland: alternatives that combine
agricultural use with climate and
biodiversity protection — such as
paludiculture. To make the transition,
farmers need certainty and support.
Protecting the climate is a task for society
as a whole because it is about the
preservation of an environment worth
living in for everyone.



It is clear that we need more effective

and joined up governance of peatlands

so that they deliver a triple win for the
climate, people and the planet urgently.
There is growing awareness of the
importance of peatlands with countries
and stakeholders adopting peatland-
related resolutions under different
international frameworks. The sustainable
management of peatlands can be
included in Nationally Determined
Contributions and Long-Term Strategies
for the Paris Climate Agreement. Peatlands
restoration and conservation can help
parties meet targets under the Global
Biodiversity Framework and Land
Degradation Neutrality principles.

The use of drained peatlands damages
the environment and should no longer
be subsidized. Instead, we need legally
binding targets for peatland restoration
and attractive financial support for
alternative, wetter uses of agricultural
and forestry land. We need to act now.
This requires effective incentives, public
and private intitiatives and regulatory
and planning mechanisms. Relying on
voluntary action is no longer enough.

In all policy areas, peatland conservation
must be considered together with the fu-
ture prospects of local communities, Indig-
enous peoples, agriculture and forestry in
a regional context. Both policymakers and
society as a whole must play their part.

The Peatland Atlas 2023 highlights not
only the consequences of the destruction
of these unique habitats, but also the
potential of wet peatlands for mitigating
climate change. It outlines strategies

to protect and use them to encourage
change by all stakeholders. Climate cri-
sis is not in the future: we are already
living through it. Summer droughts and
record-breaking heat demand swift and
effective action. Peatlands, those natural
climate reservoirs, can play a vital role.
Peat must be wet!

Dr. Imme Scholz
Heinrich-Boll-Stiftung

Antje von Broock
BUND (Friends of the Earth Germany)

Jan Peters
Michael Succow Stiftung, Partner in the Greifswald Mire Centre

Dianna Kopansky
Global Peatlands Initiative
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12 BRIEF LESSONS

ABOUT PEATLANDS

o Peatlands exist on all continents. They
are the result of PEAT FORMATION in soils
with soils that are saturated with water.

€©) worldwide, peatlands cover 3 PERCENT OF THE EARTH’S
LAND SURFACE - but they store about twice as much
carbon than the biomass of all the world's forests combined.

3 Peatlands are being lost ten times faster than they
are growing. Due to human activities,
Intact
peatlands urgently need to be protected.

4 Natural peatlands draw considerable amounts of .

the greenhouse gas carbon dioxide (CO,) from the
atmosphere, which they

But if they are destroyed, they release
large amounts of CO, - and damage the climate.

5 Alarge part of all drained peatlands worldwide '
is In the EU: one '

quarter of all peatlands. They are used primarily
for animal husbandry.

6 Peatlands play a crucial role in the
They filter and store water and help alleviate
drought and flooding. The makes
peatlands drier and increases the risk of fires that
produce a lot of emissions.

10 PEATLAND ATLAS 2023



0 Peatlands are home to rare and endangered PLANTS and
ANIMAL SPECIES. Their greatest threat worldwide is artificial
drainage and deforestation for agriculture and forestry.

@ PEATLAND ATLAS 2023 | STOCKMARPLUSWALTER

@ To achieve the goals of the PARIS
CLIMATE AGREEMENT, 1 million hectares
‘.‘ in Europe must be rewetted every year i
“ - and 2 million hectares worldwide.

2

9 Emissions from drained peatlands can be greatly reduced
without giving up farming: by raising water levels and
converting to such as growing reeds

}K and raising water buffaloes.

10 For centuries, peat was used mainly as
a Today it is mainly used as
in horticulture. Ecological alternatives must
be promoted more strongly.

11 Over the centuries, peatlands
have been destroyed. We
need to recognize the

for
biodiversity and the climate.

12 In many parts of the world, there are
alder swamps in Europe - or tropical
rainforests. They store a particularly large amount of
carbon and must be preserved or restored at all costs.

PEATLAND ATLAS 2023 11
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WHAT ARE MIRES AND PEATLANDS?

A VERY SPECIAL ECOSYSTEM

Mires are intact peatlands and home to
rare plants, rare animals - and enormous
amounts of carbon. But draining them
for economic reasons puts them and their
resident organisms at massive risk. It
poses a massive threat to the climate too.
M around the world. They are fascinating eco-
systems, whose development is inseparable
from the presence of water. This comes either solely
from rainwater or additionally also from groundwater.
Unlike as in a lake, this water does not fill a depression
in the ground, but it fills pores in the soil. The high
water level excludes air from the soil. As a result, dead
plant material does not decompose completely, and
peat forms, by perhaps a millimetre a year.

One thing that all peatlands — both the natural,
undrained mires and also drained peatlands — have in
common is that they are long-term and very space-effi-
cient carbon stores. To put that in numbers: peatlands
cover just 3 percent of the Earth’s land surface, but
they harbour around twice the amount of carbon as
the biomass in all of the planet’s forests. Worldwide,
they store 600 billion tonnes of carbon. But peatlands
nearly everywhere around the world are threatened by
human activities.

The two main mire types are distinguished based on
their water supply. Bogs are fed only by rainwater. They

ires have long shaped many landscapes

IT IS MORE THAN A MATTER OF SIZE

Area and stored carbon worldwide, by ecosystem

Festons] |

ﬁ\ﬂ/ 588

500
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are poor in nutrients, more acidic and with water tables
higher than in their surroundings. Fens, on the other
hand, depend on groundwater, spring water or seepage.
They are more rich in nutrients and less acidic compared
to bogs. The majority of peatlands in Europe are fens.

Mires have also an enormous significance for bio-
diversity. They provide unique habitats for rare ani-
mals and rare plants that are adapted to a wet envi-
ronment. They are often the last refuges for many rare
and threatened species, such as the aquatic warbler,
shoebill or orangutan. Many mires are typified by their
extent, their openness, and many open water bodies
they contain. They offer waders and waterfowl numer-
ous opportunities for rest and overwintering. Not only
that: mires improve the quality of water by filtering out
pollutants it contains.

Plant genera such as peat mosses occur throughout
the world, and numerous species exist that are large,
sturdy and colourful, all of which can form peat. Mires
in the boreal and temperate regions are often open
landscapes with moss and grassy vegetation and rela-
tively few trees. Tropical mires, on the other hand, are
often covered with forest. These peat swamp forests are
impenetrable areas that are home to species such as
lowland gorillas, forest elephants, chimpanzees, bono-
bos and the Allen's swamp monkey.

Peatlands cover only a small portion
of the earth, but they store more carbon
than any terrestrial ecosystem

[J area in million hectares
@ carbon storage in billions of tons

@ PEATLAND ATLAS 2023 | EC, UNEP



WIDESPREAD LANDSCAPES

Types of peatlands
Peatlands ... Wire ... Wetlands ..
... are areas with a naturally ... refers only to intact, ... are areas that are inundated or saturated by
accumulated peat layer at the undrained peatlands with water to an extent that its vegetation is dominated
surface, whether wet or drained a vegetation that forms peat by plants that are adapted to life in anoxic soil
conditions. They do not necessarily contain peat
bog peat M transition peat fenpeat ™ organicsitt M mineralsubsoil [l open water

Raised bogs ...

... are fed exclusively by rainwater. Due to extreme environ-
mental conditions, only a few specialized animal and plant
species live and grow here. Most often raised bogs are treeless

... rely on groundwater input. Because of higher nutrient
content, there is often more species richness in fens than
in raised bogs. However, very species-poor fens also exist

Humankind has used peatlands for thousands of
years. Nowadays these lands are used mainly for farm-
ing, forestry and peat extraction. As largely applied
today, these forms of use require the peatland to be
drained. But water is necessary for mires: take it away,
and the environment changes dramatically. Oxygen
penetrates into the soil, the peat decomposes, and the
greenhouse gas carbon dioxide (CO,) is released - turn-
ing the mire into a drained peatland and a climate
problem. Drainage also deprives the typical mire spe-
cies of their habitat.

Europe is the continent that has so far lost the most
natural peatlands. Some 10 percent of its erstwhile
peat cover has been lost through drainage. Of the re-
maining peatland area — around 100 million hectares
— one-quarter is degraded or damaged. Within the Eu-
ropean Union, the figure is one-half.

Drained peatlands are responsible for around 5 per-
cent of all greenhouse gas emissions in the European
Union. Drained peatlands no longer act as a carbon
sink, but also release greenhouse gases into the at-
mosphere. This disastrous role becomes even clearer
if we look at the emissions from farming, 25 percent
of which are caused by drained peatlands. And that is
even though peatlands cover just 3 percent of the ag-
ricultural area. That is why drained peatlands are one
of the major fields of action for climate protection in
agriculture and land use.

The central role of water in the functioning of
peatlands makes them particularly vulnerable to dis-
turbances. Besides drainage, other threats facing peat-

@ PEATLAND ATLAS 2023 [ BFN

A number of European peatlands are nature
reserves. Since many peatland areas
have been destroyed, their number is small

lands include road construction, reservoir creation,
oil-sands mining, overgrazing and pollution. Europe
is a global peatland degradation hotspot because of
widespread land-use changes for agriculture, forestry
and peat extraction. Next to Europe, major hotspots are
Northeastern China, Southeast Asia and the American
Midwest. The degree of drainage directly affects the
amounts of greenhouse gas emissions released annual-
ly from degraded peatlands.

According to numerous studies, some of the damage
to peatlands caused by drainage cannot be repaired;
the landscape is permanently changed. That makes it
all the more important to stop peatland drainage be-
fore it is too late, and to protect mires and peatlands,
because if dried-out areas are rewetted, the release of
carbon dioxide can be stopped. Such rewetting is one
of the central tasks for the present and future.

A comprehensive protection of peatlands can suc-
ceed if peatland conservation and land use are brought
into harmony. Instead of a total stop to the use of peat-
lands, what is needed is a range of new, wet ways of
managing the land, ranging from wet wilderness to
high-intensity paludiculture. That is why technical spe-
cialists and environmental groups call on policymak-
ers to provide more support for such socio-ecological
transformation through a combination of incentives
and regulation. ®

PEATLAND ATLAS 2023
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PEATLANDS AROUND THE WORLD

UNDER THREAT

ALMOST EVERYWHERE

Peatlands exist in the mountains,

in lowlands, along rivers and at the
coast. Their vegetation and condition
vary from one climate zone to
another, but all types of peatland
have one thing in common: their

continued existence is in danger.

ver since the 17" century, peatlands have been
E systematically drained - for peat extraction, set-

tlement, forestry and farming. Beginning in the
second half of the 20" century, the industrialization of
agriculture accelerated large-scale drainage, especial-
ly in temperate zone of the northern hemisphere. As a
result, some industrialized countries now have little of
their natural peatlands left. Worldwide, over 50 million
hectares are currently covered by drained peatlands,
and the trend is rising.

In many countries and especially in the Global South
there is little data on peatlands. Only enhanced map-
ping will reveal the true extent of peatland drainage
and its consequences for climate crisis. What is certain:
worldwide, peatlands are often found in climate zones
that mostly have either very high rainfall or very cold
temperatures — or both. These are mainly in the tropics
at a band around the Equator and in the sub-arctic, bo-
real and temperate oceanic zones of both the northern
and southern hemispheres. The climatic conditions in

these regions cause biomass to be broken down only
very slowly, favouring the formation of peat.

Peatlands are relatively less widespread in subtrop-
ical regions because moisture is scarcer in these areas.
But even here, peat formation is possible under cer-
tain circumstances. Some areas receive enough water
from large rivers from regions with higher precipita-
tion, such as mountain ranges. As a result peatlands
can develop in lowlands and in the deltas of large
rivers such as the Brahmaputra in Bangladesh, the
Rio Parana in Argentina, and the Zambezi in Zambia.
The total area of peatlands around the globe is esti-
mated at 500 million hectares. But this figure is just
an approximation: many large areas are imprecisely
mapped, and innumerable smaller peatlands remain
undiscovered.

Peatlands occur along coasts worldwide, in salt-
marshes and saline reedbeds, and in the tropics often
in mangroves — coastal woodlands in areas where sea-
water and freshwater mix. Peat formation is favoured
by marine currents and the humid air masses that are
associated with them, such as along Europe’s western
sea coast and in the Caribbean. On land, flat terrain
slows down the natural flow of water on the land sur-
face, resulting in the creation of the huge peatlands in

Islands and peninsulas in Southeast Asia
are full of tropical peatlands. But industries
pose a threat to unique ecosystems

INDUSTRY IS INCREASING, PEATLANDS ARE DISAPPEARING

Peatland destruction in Peninsular Malaysia,
Sumatra and Borneo

peatlands covered by peat swamp forest

[ in million hectares
QO percentage of all local peatlands

peatlands covered by industrial plantations
and small-holder dominated areas

1990 2007 2015
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MILLENIA OLD, WITH A SIZE OF MILLIONS AND MILLIONS OF HECTARES

Global distribution of peatlands
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western Siberia, Southeast Asia, the Congo Basin and
the western Amazon. Finally, peat can occur anywhere
where the local climate and terrain permit permanent-
ly high and stable water levels in the soil.

These differences in climate, water source, water
quality and the resulting vegetation produce diverse
types of peatland. Essentially they all have one feature
in common: the presence of a layer of peat in the soil.

In cold subarctic and boreal cool humid oceanic re-
gions, the peat forms mainly from the remains of moss-
es. Especially in Siberia and over vast areas of Canada
and Alaska, fairly treeless peat landscapes are found:
seemingly endless expanses dominated by mosses. In
the temperate continental and subtropical parts of the
world, grass-like plants such as reeds, sedges and rush-
es take over the role of peat producers and dominate
the peatland vegetation. Here, the peat accumulates in
the first few feet under the surface, as the underground
shoots and roots of these plants grow into the older
peat material where they die off. These peatlands re-
side as grasslands with reed beds of various sizes along
rivers, in silted-up lakes and in depressions of different
sizes. In tropical lowlands, the peat is often formed by
the deep roots of tall trees. Huge, forested peat land-
scapes cover these tropical peatlands for example in
the Congo Basin, Indonesia and Peru.

Peatlands exist in 90 percent of all countries.
Many of them are located in the sparsely populated
areas of Canada, Amazonia and Siberia

® PEATLAND ATLAS 2023 [ PARISH ET AL., UNEP

Peatlands in an intact or near-natural state are
multi-talented: they protect biodiversity, mitigate the
climate crisis and are a key factor for flood protection

For the last 20 years these peat swamp forests of the
tropics have been increasingly deforested, drained and
used for timber production and intensive agricultural
production. For many years the hotspot of this trend
was in Southeast Asia, especially Indonesia. Infrastruc-
ture development and clearing are now increasingly
taking place in the extensive peatlands of the Congo
and Amazon basins. A further threat to peatlands not
only in the subtropics of Africa and South America: the
climate crisis. ®

A GLOBAL PHENOMENON

Share of global peatland area, by continent in percent

Latin America and
the Caribbean

North America
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HELP NEEDED

Huge areas of peatland around the
world have already been destroyed.
In the tropics, peat swamp

forests are being cut down and the
land drained. Fires and climate
crisis also pose threats. Attempts
to protect the peatlands have so

far had little success.

ealthy peatlands around the world are being
H degraded at an alarming rate — through clear-

ing, deforestation, slash-and-burn agriculture
and drainage. Drained peatlands are used to establish
fast-growing pulpwood or palm oil plantations, or for
arable farming, pasture and forestry. Or they are subject
to peat extraction or covered with buildings. Of the 500
million hectares of peatland worldwide, over 50 million
have already been degraded to such an extent that peat
can no longer accumulate, and remaining peat is under
threat. Of the peatlands that are still accumulating peat,
another 500,000 hectares are destroyed every year by
human activities. In many fertile and easily accessible
areas where human populations are growing, natural
peatlands have been completely lost — as in central and

BETTER BUT NOT ENOUGH

Differences between intact peatlands and rewetted peatlands,
study from 2021

eastern Europe and Southeast Asia. In the European Un-
ion, around half of all the peatlands have been drained.
Most of the still-intact peatlands are found in thinly
populated areas that are unsuited to agriculture - es-
pecially in the northern parts of the globe in Canada,
Alaska, Siberia, and in inaccessible rainforest areas near
the Equator, such as in the Congo and Amazon basins.
Countries in Europe whose peatlands are considered
to be well preserved include Sweden, Norway and Bos-
nia-Herzegovina. There they are 75 to 100 percent still
intact.

Especially in the tropics, the destruction of peat-
lands is currently continuing, with catastrophic conse-
quences. In these regions, the peatlands consist mostly
of rainforest where massive trees grow on layers of peat
that are metres thick. The trees offer shelter for orang-
utans, forest elephants and many other species. Rain-
forests also store enormous quantities of carbon in their
vegetation and in the soil. The most effective store is the
peat itself. The tropical peatlands of Cuvette Central in
the Democratic Republic of the Congo and the neigh-

Rewetting? There is no alternative! But even rewetting
can restore old conditions only to a limited extent.
So a priority must be the preservation of intact areas

Tall plants such as reed
canary grass dominate
rewetted peatlands. They

Rewetted sites have lower organic matter
content of the top soil layer and larger
water table amplitudes (+15 percent)

Tall helophytes account for
25.5 percent in rewetted peatlands.
In intact peatlands: 6.2 percent

are highly conductive for
gases, which may increase
methane (CH,) emissions,

There is less plant richness in rewetted sites. Differences in
vegetation: by up to 60 percent compared to intact peatlands

and suppress smaller plants
due to light competition
to smaller mosses. Flood
protection is more efficient
with intact peatlands than
with rewetted areas

PEATLAND ATLAS 2023
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DESTROYED, LOST, DISAPPEARED. FOREVER?

Peatland area, in 1,000 hectares

6]

| congo 9,540

¥ drained

*European part. The peatland area in the Asian part of Russia is similar in size to the Canadian peatland area

bouring Congo cover only 4 percent of the total area of
the Congo Basin, but their peat stores around 30 billion
tonnes of carbon, the same amount as in the rainforest
vegetation of the entire basin.

Over half of the known tropical peatlands are found
in Southeast Asia. Many of them are drained and de-
graded. Over the last 20 years, huge areas of peatlands
have been converted to palm oil and acacia plantations,
especially in Indonesia and Malaysia. The global pro-
duction of palm oil has risen from 15 million tonnes in
1994 to over 74 million tonnes in 2019. This massive rise
was permitted by the increasing use of palm oil as fuel,
processed food and in washing and cleaning products.
Acacia plantations, for their part, are used to produce
pulp and paper.

Especially in Southeast Asia, uncontrolled, large-
scale forest and ground fires have been blazing repeat-
edly since the 1990s. Under moist natural conditions,
peat soils usually do not catch fire, but they burn well
when they dry out. Big companies often set fires, either
legally or illegally, to clear the land and create space
for new plantations. Climate crisis has made many ar-
eas even more susceptible to forest fires. Indonesia has
recently undertaken greater efforts to raise the water
levels in its peatlands again. Its drained peatlands emit
more greenhouse gases than any other country in the
world. But in the meantime the government has set up

| Germany | 1,839

| Congo (DRC) | 18,157 |
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Agriculture destroyed Indonesian peatlands. In recent
years, the Indonesian government has committed
to restore them in a very comprehensive way

a state agency for peat restoration and has already re-
wetted an area of over 2 million hectares.

Permalfrost soils, which partly consist of frozen peat,
are especially threatened by climate crisis. If they thaw,
the organic matter they contain breaks down, releas-
ing the carbon in form of the greenhouse gases carbon
dioxide (CO2) and methane (CH4). In the Arctic, where
most permafrost soils are found, the temperature has
risen in the last 40 years almost four times faster than
the global average.

In the Cuvette Centrale in the Congo Basin in Cen-
tral Africa, which was scientifically recorded only a few
years ago, the government of the Democratic Republic
of Congo (DRC) has launched an oil and gas auction that
would allow oil companies extensive licenses to exploit
the area. With its area of 16.7 million hectares, the Cu-
vette Centrale is one of the largest contiguous areas of
peatland worldwide. It includes more than one-third
of the total area of all tropical peatlands, and contains
more than a quarter of the carbon they store. If the oil
auctions are not stopped, companies may be able to
start chopping down trees, establishing palm oil plan-
tations and drilling for oil there. ®
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SUSTAINABILITY GOALS

LIFE-GIVING MOISTURE

Peatlands and other types of wetlands
foster biodiversity and protect humans
and nature from drought and flooding.
But they are some of the most threatened
ecosystems on the planet. Current

efforts to conserve them have so far
proven inadequate.

ent ecosystems: marshes, water meadows,

peatlands, floodplains, swamps, rivers, lakes,
mangroves — and diverse coastal areas. What they all
have in common is lots of water. They are sometimes
described as the Earth’s kidneys, because they act as
natural filters to absorb pesticides and other chemicals
and remove nutrients such as nitrate and phosphorus
from the water. Covering a total of at least 1.6 billion
hectares, wetlands are found all over the world. They
have long been under threat: they are disappearing
three times faster than forests. Just since 1970, some
35 percent of all wetlands have been destroyed. This
has happened either as a result of deliberate drainage,
which has increased markedly since the 1960s, or in-
directly through falling groundwater levels. Globally,

T he term wetlands includes a range of differ-

PEATLAND AS A FACTOR

some 350 million hectares of wetlands have already
disappeared, of which 50 million hectares used to be
wet peatlands. These drained peatlands are the source
of at least four percent of worldwide greenhouse gas
emissions. The biggest losses of wetlands today are the
result of unsustainable forms of agriculture and forest-
ry, the pumping of groundwater, and increasing water
pollution. The expansion of industry and infrastructure
also contributes to the destruction. In all, one percent
of the remaining wetlands are lost each year.

60 percent of humanity lives and works in coastal
regions protected by wetlands from flooding. One hec-
tare of wetland can absorb up to 5.6 million litres of
floodwater. The continuing destruction of wetlands
makes it harder to cope natural disasters, whose num-
bers have risen tenfold since the 1960s. Floodings,
droughts and storms are responsible for up to 90 per-
cent of all the climate-related disasters each year, and
the Global South is especially hit hard. People who live
in poverty and who have contributed the least to cli-
mate crisis are suffering the most.

To fight inequality and overexploitation, the United
Nations has committed itself to 17 sustainability goals.
They can only be achieved with peatland protection

Impact of peatlands and wetlands on selected United Nations Sustainable Development Goals (SDGs)

SDG 6 - Clean water:
Almost all of the
freshwater in the
world is related

to wetlands

SDG 2 - Zero hunger: Peatlands
improve ecosystem functions
and regulate water. They
prevent soil subsidence -

and ensure food production

CO &

SDG 11 - Sustainable
cities and communities:
Peatlands reduce

flood risk and cool

global climate

SDG 7 - Clean energy:
Renewable biomass

from peatlands generates
heat, sustainable

and regional

ap

SDG 12 - Responsible
consumption: Sustainable
management of peatlands with

Intact peatlands store
huge amounts of carbon

SDG 13 - Climate action:

paludiculture combines economic
independence and ecology

PEATLAND ATLAS 2023

SDG 15 - Life on land:
40 percent of the
species live and

breed in wetlands

SDG 14 - Life below
water: Healthy and
productive oceans need
functioning coastal
wetlands

@ PEATLAND ATLAS 2023 | UN



SEAL OF APPROVAL, ALSO FOR PEATLANDS

Wetlands declared to areas of protection by the Ramsar Convention, ratified by 172 countries

[] area of Ramsar wetlands in 1,000 hectares
number of wetlands

23,693

North America

61,904 1
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28,336

22,444

1,127

Af

- Latin America and
the Caribbean

Some 40 percent of the world's species live and re-
produce in wetlands. This biodiversity is at risk: in the
past five decades, 81 percent of the plant and animal
species in inland wetlands have suffered decline, along
with 36 percent of the species in coastal and marine ar-
eas. The climate also is hugely affected. Although they
cover only 1 percent of the Earth’s surface (including
the oceans), wetlands store around one-fifth of glob-
al carbon - as long as they remain intact. If they are
drained, the stored carbon oxidizes into carbon dioxide
(CO2) and escapes into the atmosphere.

Although the many ecosystem services provid-
ed by wetlands have direct links to the Paris Climate
Agreement and the 17 global Sustainable Develop-
ment Goals of the United Nations, there is only a single
international agreement that places their protection
centre-stage. The Ramsar Convention goes back to
1971, but it is not legally binding. A total of 172 states
have acceded to the Convention. These states provide
a list of internationally significant wetlands, similar to
UNESCO’s list of World Heritage sites. A total of 2,493
sites around the globe, covering a total of 256 million
hectares, are currently listed — an area as large as Ar-
gentinia. For decades the Ramsar Convention neglect-
ed peatlands: they were first brought under the pro-
tection of the Convention just 20 years ago. However,
because of their importance, these peatlands now ac-
count for about one-quarter of the designated wetland
areas in the Ramsar registry.

Even if a wetland makes it onto the list, it is not
automatically granted protected status. The European

rica

Union, however, has various guidelines which can be
used to place such areas under special protection. For
example, they can be classified as a nature reserve or a
flora-fauna habitat.

The United Nations has designated 2021 to 2030
as the Decade on Ecosystem Restoration. In 2019, the
United Nations Environment Assembly (UNEA) passed
a resolution that focuses on peatlands for the first time,
giving new impetus to efforts to protect this land type.
All countries of the world expressed their intention to
attach greater importance to the sustainable use and
restoration of peatlands. The Kunming-Montreal Glob-
al Biodiversity Framework of 2022, part of the Conven-
tion on Biological Diversity, focuses on the protection
of threatened ecosystems such as wetlands and peat-
lands, and is the largest commitment ever made by
the international community for habitat protection. By
2030, at least 30 percent of particularly degraded land
and marine areas are to be restored, so these areas can
again perform their ecosystem services. In addition,
one-third of all land and marine areas are to be placed
under protection by 2030. Like the Ramsar Convention,
the Montreal-Kunming framework and the UNEA Reso-
lution are not compulsory. But binding agreements are
precisely what experts demand: to be able to restore
and protect ecosystems, legally enforceable frame-
works are vital.
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DRAINED PEATLAND
RESULTS IN HEATED PLANET

Because they take up greenhouse gases,
peatlands cool the climate - but only

as long as they are intact. But these
peat-covered areas have been - and

still are being - drained for agriculture,
forestry, peat extraction and human
settlement, exacerbating global warming.

ver thousands of years, peatlands have ac-

cumulated thick layers of peat — remains of

dead plants, under permanent-wet soil condi-
tions. In the oxygen-free environment under water,
the plant remains decay only very slowly and are con-
served, similar to pickled gherkins. The main compo-
nent of peat is carbon. Peatlands cover only 3 percent
of the Earth’s land surface but store in their peat a dis-
proportionate quantity of carbon, around 600 billion
tonnes. That is around twice the carbon stored in the
biomass of all the Earth’s forests on 27 percent of the
world’s land.

PROCRASTINATING ONLY MAKES IT WORSE

Climatic effects of time-dependent rewetting of drained peatlands

Instantaneous radiative forcing (watts | m?)
0.15

M drain more
no change
M rewet all later

rewet:
M all now
half now

0.10

0.05 1
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T T T 1
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0

Radiative forcing is the change in energy flux in the atmosphere;
it indicates the warming of the earth’s surface
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When they were alive, the plants that now make up
the peat took the carbon out of the atmosphere as the
greenhouse gas carbon dioxide (CO,) and changed it by
photosynthesis into plant material. As long as the peat-
land remains wet, the carbon stays largely in the peat.
A small part of the carbon is, however, emitted as meth-
ane (CHy), a powerful greenhouse gas. Wet peatlands
emit around 30 million tonnes of methane per year —
about one-third of the global emissions from livestock
and manure. However, this emission does not burden
the climate, because in the atmosphere methane quick-
ly reacts with oxygen, changes into the weaker green-
house gas CO,, and thus loses its strong climate effect.
Methane emissions raise the methane concentrations in
the atmosphere only when the peatland starts to form.
Afterwards the methane concentrations do not keep ris-
ing — even with continuous emissions — but soon reach
a steady state. The same amount of methane is broken
down as is simultaneously emitted. On the other hand,
the ongoing sink for CO, that natural peatlands repre-
sent continuously reduces the CO, concentration in the
atmosphere. In this way, peatlands have lowered the av-
erage global temperature over the last 10,000 years by
about 0.6 degrees Celsius.

Globally, around 88 percent of the world’s peatlands
are still in a largely natural state. But more than 50 mil-
lion hectares of peatlands have been drained so strong-
ly that no new peat is formed any longer. On the contra-
ry, the penetration of oxygen into the drained peat soil
results in its continuous decomposition. That produces
CO, and nitrous oxide (N;O). The global warming effect
of various greenhouse gases is expressed in terms of
CO,-equivalents. In Central European peatlands, a drop
of the average water table of 10 centimetres results in
an extra 5 tonnes CO,-equivalent of emissions per hec-
tare per year. In the tropics, the figure is as high as 9
tonnes.

Every year, drained peatlands emit almost 2 billion
tonnes CO,-equivalent, which is twice as much as the
whole of global aviation. Almost 90 percent of these
emissions consists of CO,, the rest of methane and ni-
trous oxide. On top of that are the emissions from peat



FEW STATES CAUSE GREAT DAMAGE

The twelve countries with the world's largest greenhouse gas emissions from drained peatlands,

in 1,000 tonnes CO, equivalents per year

37,400

|usa |

M peatland
distribution
peatin
soil mosaic

without emissions from peat fires
harmonized by using the IPCC (2014) emission factors

fires. Peat fire emissions vary considerably over time
and are difficult to measure - but on average they may
amount to between 500 million and a billion tonnes of
COr-equivalent a year. Apart from emitting greenhouse
gases, peat fires also produce dangerous levels of air
pollution, which can spread far beyond its region of
origin. According to studies, more than 100,000 people
have died as a result of large peat fires in Indonesia in
2015. Over half a million people had acute respiratory
problems; the national economic damage is estimated
at up to 40 billion euros.

Although drained peatlands make up less than half
a percent of the Earth’s land area, they are responsible
for around 5 percent of all human-induced emissions —
peat fire emissions included. Most peatland emissions
come from Indonesia, the European Union (EU) and Rus-
sia. Within the European Union, half of the emissions
come from Germany, Finland and Poland. By far the big-
gest share of these emissions originates from drained
agricultural land.

Without effective policy countermeasures, emis-
sions from drained peatlands could by the end of the
century use up over 40 percent of the greenhouse gas
budget remaining to keep global warming below 1.5
degrees Celsius. To comply with the goals of the Paris
Climate Agreement, net CO, emissions must be reduced

In 2015, peat fires in Indonesia
released more greenhouse
gases than Japan in the whole year

667,600

arn 231,400

47,400

Mongolia

139,700

Indonesia
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CO,-equivalent is a unit of measurement comparing
the climatic effect of greenhouse gases such as methane
(CH,), nitrous oxide (N,O) and carbon dioxide (CO,)

to zero by 2050. Experts have pointed out that this goal
can be achieved only through the immediate and com-
plete rewetting of all drained peatland. That means that
globally 50 million hectares of peatland must be rewet-
ted. In the EU, that means 500,000 hectares each year
— and worldwide 2 million hectares. ®

THREAT TO ALL CLIMATE GOALS
Share of global emissions from drained peatlands,
in percent

222 [canada]
.24%
.24% [ Mongolia]
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without emissions from peat fires
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FALLACIES OF IMPROVEMENT

Humans have drained peatlands for
centuries to provide land for farming and
settlement. History may help us recognize
the fallacies of supposed improvement,
remember the presence of destroyed and
often invisible peatlands in our landscapes,
and advocate for the protection and
restoration of peatlands.

n many parts of Europe, peatlands have largely dis-

appeared as visible elements of the landscape. Cen-

turies of drainage have reduced flood-protection
areas and damaged habitats for plants and animals.
Drainage has also held important implications for the
global climate. Intact peatlands store more carbon
than any other ecosystem in the world. When they
are drained, the carbon that has accumulated and has
been sequestered in the peat over thousands of years
is exposed to oxygen, releasing vast amounts of the
greenhouse gas carbon dioxide (CO:) into the atmos-
phere. Wildfires on drained peatlands accelerate this
process. The history of peatland drainage is therefore a
crucial chapter in the history of the current biodiversi-
ty and climate emergency.

Mentions of peatland drainage go back thousands
of years. In continental Europe, wetland reclamation

WORSE THAN COMBUSTION ENGINE
Annual emissions from drained peatland
compared to a standard petrol car

4.5 times
around the world

Al

1hectare of drained peatland |

Emissions from milk production on drained peatland
compared to gasoline

A
’

X

2 litres of gasoline
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gained momentum in the 18" century, when monarchs,
bureaucrats and educated elites developed drainage
schemes to render peatlands useful. They often took
inspiration from the Netherlands, where drainage and
peat extraction contributed substantially to the coun-
try’s economic power in the early modern period. Eu-
rope’s elites believed that peatlands were mistakes of
nature which had to be corrected through active human
intervention for the sake of cultural and economic pro-
gress. Their ambition to improve the nature of peatlands
devalued more sustainable uses of these ecosystems,
such as fishing, hunting or the gathering of plants.

The reclamation of the Oderbruch - a marshland
located along the Oder river in eastern Germany — un-
der Frederick the Great of Prussia is a paradigmatic
example of the modern drainage frenzy which caused
the destruction of wetland ecosystems as a means of
civilization. As driver of settlement and agricultural ex-
pansion, the drainage of the Oderbruch has been cele-
brated as a triumph of human reason over recalcitrant
nature and allegedly backward ways of life. It inspired
drainage schemes in other parts of Europe.

Drainage schemes always reflected the social and
political conditions of their time. The cheap, sometimes
unfree, labour of marginalized population groups or
convicts was repeatedly mobilized for the laborious
reclamation work. Drainage appealed to various po-
litical regimes and projects. In the late 19th and early
20™ century, it appeared to be a means to prevent the
exodus of the rural population and to modernize the
countryside. Land drainage became tied to autarky pol-
itics and social engineering efforts during the interwar
period, when the governments of Poland and the Neth-
erlands, among others, launched ambitious land-recla-
mation schemes.

In Germany, the Nazi regime openly linked land
reclamation of peatlands with racist ideology. During
World War II, Nazi planners sought to drain the land
along the Pripyat River in present-day Belarus and
northern Ukraine, which they wanted to be settled by
German peasants instead of the Jewish and Slavic pop-
ulation. Although these plans were not implemented,
the wetlands of eastern Europe became sites of the
mass atrocities and genocides committed by the Ger-
man occupation forces.



SHADOW OF THE PAST

Peatland drainage in recent human history in Europe
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One of the first European
peat colonies was established
in Pekela. The peat was
dredged through navigable
canals (wijk). The first settlers
(fehntjers) had to live in
primitive peat huts under
miserable conditions

A group of wealthy landowners started
peatland drainage in Cambridgeshire. The
inhabitants of the county feared the loss of
their environment and traditional livelihood
and formed the resistance group “The Fen
Tigers”. They started a riot, tore down the
constructed dikes, ditches and sluices.
Windows were shattered, shops pillaged

The Nazis forced concentration camp prisoners
to march with their spades into the mire. They
later become known as “Peat Bog Soldiers”
(German: Moorsoldaten). The Reich Labour
Service also had to drain peatlands, for settle-
ment and agriculture. Today, the former camp
Esterwegen, where some of the Moorsoldaten
were imprisoned, hosts a memorial site

In the second half of the 20™ century, peatland
drainage became a function of agricultural produc-
tivism, commercial forestry and rural development on
both sides of the Iron Curtain, often with the support
of national governments. In the UK, landowners could
avail of specifically designed drainage grants. In 1950,
the West German government agreed to invest consid-
erable resources to develop the Emsland, a poor region
in Lower Saxony bordering the Netherlands. The con-
struction of extensive drainage systems was a key el-
ement of the scheme, which profoundly changed the
environment of the area. State involvement in peatland
drainage was most intense in the socialist countries of
eastern Europe, particularly in the Soviet Union. After
the Soviet government established a Ministry of Land
Reclamation and Water Management in 1965, the ex-
tensive peatlands of the Baltic republics, Ukraine, Be-
larus and in northern and western Russia became
subject to massive drainage campaigns. The German
Democratic Republic (GDR) also carried out ambitious
reclamation works, most famously in the Friedlander
GroBe Wiese in its northeastern part.

Drainage reclamation has left deep scars in the
landscapes of Europe. Elements of agricultural and for-
estry infrastructure are markers of the damage done to
people and land over centuries of peatland destruction.
Livelihoods that used to accommodate intact peatlands
have largely disappeared. Animals and plants that
once inhabited these wet environments have shrunk in
number or completely disappeared.

In modern times, peatlands were considered an
obstacle to progress. In Western Europe, they have
since been converted into farmland to a large extent

@ PEATLAND ATLAS 2023 | GEDENKSTAETTE ESTERWEGEN, LYNNE

By addressing the ecological amnesia surrounding
peatlands, history plays an important role as
we try to reimagine human-peatland relationships

After centuries of peatland destruction a new para-
digm has recently taken shape. While peatlands were
long considered useless or dangerous spaces, they are
now valued as unique environments. Despite increased
support, however, the enormous potential lying in
peatlands is far from being exhausted. Often used as
farmland or grassland, drained peatlands have gener-
ally little in common with their wet, species-rich an-
cestors. Many are not even recognizable as peatlands.
Taking a conscious look into the past makes us aware
of the tremendous human and environmental damage
linked to the history of drainage and reminds us that
supposed improvement has rendered many peatlands
invisible. ®

GIVE PEAT A CHANCE
Vulnerability of peatlands in the EU28,
in percent

near threatened

(d Ily endangered
8

rounded numbers
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BIODIVERSITY

SAFE HAVENS FOR
ECOSYSTEMS IN DANGER

Peatlands all over the world sustain a rich
range of habitats and species, including
a wide range of threatened and endemic
ones. Policymakers are called upon to
protect these unique landscapes.

scapes on our planet, along with forests, grass-

lands, lakes, marshes, mangroves and other
wetlands, all of which contribute to global landscape
diversity. Under different conditions, peatlands may be
flat, raised or bowl-like. They may have ribbed, polygo-
nal or mounded patterns on the surface, as in the Arctic
tundra or the taiga, or be smooth, as along the coast.
They may get water from the atmosphere, groundwa-
ter, river floods, permafrost or surface flow. They may
be covered with trees or reeds — as in the tropics — or
mosses, sedges and dwarf trees, as in the taiga.

P eatlands are one of a wide range of varied land-

NOT ONLY REEDS AND BIRDS
Megafauna populations in Cuvette Centrale peatlands
in the Congo Basin, Central Africa
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The surface of a peatland often looks like a piece of
art. In the Arctic, where permafrost sculpts the land-
scape, polygon patterns like ice crystals form on the
peatland surface. In the temperate zone, water run-
ning from a peat dome creates ridges and hollows. In
tropical peatlands, lace-like patterns reflect the former
banks of rivers and lakes. All this fascinating diversity
of patterns visible from above perform a crucial role
in biodiversity: they create a great diversity of habi-
tats within relatively uniform ecological conditions.
All habitats in peatlands are densely occupied due to
the diversity between and within species of organisms.
It has taken thousands of years of evolution to create
such highly specialized living communities. Some spe-
cies have adapted so closely to the extreme conditions
of peatlands that they are unable to live in any other
habitat. For plants in the temperate zone of Eurasia,
there are no more than 15 species that grow exclusively
in peatlands: they include the round-leaved sundew or
pod grass. In Southeast Asia, some 45 species are recog-
nized as restricted to peat swamp forests, for example,
the tropical tree Meranti Bakau, and the woody liana
Akar Jitan. In North America, the wood froqg is the only
species that can successfully reproduce in highly acidic
bog waters and can survive deep freezing. The pitcher
plant mosquito lays its eggs in the water at the bottom
of the pitcher, the larvae is unaffected by the digestive
enzymes of the plant — and even providing bacteria to
the host plants to help them digest the exoskeletons of
other insects that have fallen into the pitcher. Butterfly
larvae are tied to plant species at the hormone level:
larvae of the ocellate bog fritillary feed on the cranber-
ry only, Cranberry blue lays eggs on blueberry.

There are many other examples of how peatland
specialists can survive in challenging environmen-
tal conditions. Peatland plants build a microcosm for
specific birds, small and large mammals, insects, soil
invertebrates, fungi and bacteria. The specialists and
their microcosm cannot survive the loss of their habi-
tats when peatlands are drained and changed to other
landscapes. If one species disappears, all other organ-
isms that are dependent on it through symbiosis, food,

Peatlands are a patchwork quilt of different
types of vegetation and animals. They differ
from region to region, continent to continent



VANISHING HABITATS
European peatland regions and total area of peatlands,
in 1,000 hectares
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shelter or behaviour also disappear. Peatlands also
have less-equipped species as visitors — neighbours,
nomads or refugees. Species that live in the neighbour-
hood pay short visits to peatlands during droughts or
in the berry season, for nesting or mating, or in search
of a wintering ground. Migrating species come to peat-
lands only to stop over, feed and rest. They usually stop
at exactly the same peatland each year, as their an-
cestors have done for hundreds or even thousands of
years. For example: Cranes stop in the German Teufels-
moor on their way to the South, Swedish swifts winter
in the Congo Basin. These species lose their landmarks
and crucial resting grounds if important peatlands are
drained and disappear. Finally, in times of rapid and
dramatic loss of other habitats, peatlands are a refuge
for species from other landscapes, such as grasslands
or forests. Invasive species brought from peatlands in
other continents are able to spread in suitable loca-
tions. Examples are the insectivorous purple and yel-
low pitcher plants. These were brought to Europe from
North America as ornamentals, and have successfully
populated raised bogs in the Alps and the British Isles
during the last 20 years, bringing a serious imbalance
into these ecosystems.

But why do we need this landscape, geographical,
habitat, species and intraspecies diversity in peatlands?

percentage of destroyed peatlands
proportion of area under protection
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More than half of all pristine peatlands in
Europe have been lost - and peatland
degradation continues. Biodiversity is at stake

Peatland landscapes have a significant function in
maintaining sustainable and resilient socio-ecological
systems. The peatlands themselves are built up by the
biota that they host. Due to their special features, only
the organisms living in peatland can build up peat.
Wet peat stores large amounts of carbon and water.
That both helps to mitigate climate crisis and provides
resilience to landscapes while climate crisis is resulting
in much more extreme weather events. Peatland biodi-
versity not only maintains itself but also sustains very
valuable ecosystem services for humanity. The Conven-
tion on Biological Diversity and the Kunming-Montreal
Global Biodiversity Framework of 2022 call for all coun-
tries to protect biodiversity. At least 12 percent of global
peatlands are already destroyed. The profits from the
use of drained peatlands do not benefit communities
that have lost their ecosystem services. We need clean
water, settlements near rivers that are protected from
flooding, moderated climate conditions, and produc-
tive fields and forests. That is why there is need to give
strong consideration to biodiversity when restoring
and using peatlands. ®
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PEAT

PEATLANDS’ RAW MATERIAL

Peat consists of dead organic matter
accumulated over thousands of years. Since
centuries, peat soils have been exploited

to obtain fuel or raw material for growing
media. Peat extraction and use is harmful to
the environment. Sustainable alternatives
will only prevail if politicians act.

nlike wood or coal, the temperature at which
peat burns is reasonably constant and easy to
regulate. Peat was already used as a fuel over
4,000 years ago in the Bronze Age. It is still used today as
a source of electricity and heat, particularly in Finland,
Ireland, Russia, Belarus and Rwanda. Since the middle
of the 20" century, it has been used in horticulture as
a raw material for growing media. Peat accumulated
from peat mosses in particular has many advantages
for horticultural use. Its high porosity enables this peat
to retain air and water — and release it when required.
It also has a stable structure, which is useful especially
for long-lasting plant cultures. At the same time, peat
contains very few nutrients, pollutants or pathogens.
Smaller amounts of peat are also used for other pur-
poses. Peat can absorb liquids quickly, which is why it is
used both in livestock bedding and in diapers. Because
peat contains hormone-like substances and humic ac-
ids and is effective against bacteria, viruses and inflam-
mation, it is considered to be a natural remedy and is
used in balneological baths and packs. Dry peat can be

SUPERSTORE
Average quantity of stored carbon
in peatland compared to forest
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used as insulation material, because it contains a lot
of air. In agriculture, peat is applied to improve miner-
al soils, loosen them up and enrich them with humus.
Peat is also used as a raw material in the production of
activated charcoal, which is used as a filtering material
in industry. Textiles can be made from peat fibre — the
name given to the leaf sheaths of sheathed cottongrass,
a common plant species of bogs. These fibres are sifted
out of the peat when it is being processed for horticul-
tural uses. Peat is also a famous flavouring agent: dur-
ing the malting process in whisky production, barley
is dried slowly over a smouldering peat fire, giving the
whisky its famous smoky taste. In Iceland and Germa-
ny, people in the past often built houses from peat sods,
due to the lack of wood.

Global peat deposits are estimated at up to 13.8 bil-
lion cubic metres. Worldwide, around 24 million tonnes
are extracted each year — of this some 83 percent are
extracted in Europe alone. Until 2017, more than half
of the peat extracted was used as fuel — though this
amount decreased considerably in recent years. About
10.3 million tonnes of peat, or 41 million cubic metres,
are extracted each year to produce horticultural sub-
strates and potting soil. While peat fuel is generally
burned in the country where it is extracted, peat for
horticultural use is traded internationally, both as a
raw material and mixed into substrates. In Europe, peat
extraction for horticulture is concentrated in the Baltic
States, Germany, Fennoscandian Peninsula and Ireland.
Outside of Europe, peat is also massively extracted in
Canada, mostly for export to the USA. Peat extraction
for horticulture also exist on a smaller scale in the USA,
Russia, Chile and Argentina. The biggest producers and
end-users of peat-based substrates are Germany, the
Netherlands and the United States.

In the coming decades, the industry expects a
strong increase in demand for growing media world-
wide, especially in Asia. To meet the societal demands
of today, fossil peat should not be used for this purpose,
but efforts to produce renewable materials regionally
should be significantly increased.

Peatlands store some 600 billion tonnes of carbon,
or about one-third of the world’s total land-based car-
bon stores. Peat extraction and use in the European Un-
ion (EU) are responsible for greenhouse gas emissions

Garden centres sell good, peat-free
potting soil. Using only this would save
400,000 tonnes of CO, a year in Germany



HARMS THE CLIMATE, BUT IT MAKES MONEY

International trade in peat and peat products,
in 1,000 tonnes
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in the order of 21.4 million tonnes of carbon dioxide
(COy)-equivalent a year. That amounts to about one
tenth of the total EU emissions from peatlands. Howev-
er, the extraction and use of peat, by releasing carbon
particularly quickly, result in the highest emissions per
hectare of all peatland uses. The Intergovernmental
Panel on Climate Change classifies peat as a fossil re-
source and warns that its use is no longer appropriate
in the face of the climate crisis.

That is why several countries are preparing to move
away from peat use. One example is Ireland, which
aims to end the extraction and use of peat as a fuel
by 2030. Finland, currently the European Union’s big-
gest consumer of peat-based energy, aims to cut its
consumption by 50 percent by the end of the decade.
However, changes in the geopolitical situation since
Russia’s invasion of Ukraine have thrown such plans
into doubt: Finnish companies have cited energy sup-
ply uncertainties in announcing plans to resume peat
extraction. In several countries, the extraction and use
of horticultural peat is being addressed as part of na-
tional climate and peatland policies. Germany, for ex-
ample, plans to phase out the use of peat in hobby gar-
dening by 2026, and to largely replace it in commercial
horticulture by 2030. Doing so will require increased

Europe’s agriculture policies continue to favour
climate-harming farming methods. Protecting
peatland would be a better economic option

Russia puts about 2 million tons peat on the market each year;
consumes most of it itself and exports only small quantities (to Europe: 65,000 tonnes)
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The global trade in peat is booming.
In search for profits, it destroys a
fundamentally important carbon store

investments in research and production of peat sub-
stitutes. These could come from renewable resources
such as wood fibre, bark, compost or coconut fibre, or
from biomass produced in paludiculture. Paludiculture
is the sustainable production for example of peat moss
or bulrush on rewetted peatlands. Demand for such
materials is already rising in Europe. ®

UWRONG INCENTIVES
EU subsidies for cropping on drained peatlands compared
to its climate costs, in euros
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LIVESTOCK

THE COWS THAT EAT PEAT

Our consumption of livestock products
has an effect on the climate - through
the emission of greenhouse gases and
the conversion of natural landscapes into
agricultural land. Even more greenhouse
gases escape into the atmosphere when
peatlands are drained to allow livestock-
keeping or to grow fodder crops.
H tropics are now used for farming. In countries
such as Germany and the Netherlands, the fig-
ure rises to almost three-quarters of all peatlands. Most
are used for keeping livestock, especially as grassland
for cattle. European peatlands and other wetlands have
historically been used for animal husbandry involving
the hand-mowing of fodder, the drying of hay or bed-
ding in nearby higher and drier areas, and grazing on
the drier margins of the peatlands. In other parts of
the world, these forms of extensive wetland utilization
are still common. In Kazakhstan and China, herders
harvest fodder and bedding material and allow their
animals to graze easily reachable reed beds. In the
Flooding Pampa in Argentina or the Pantanal in Bra-

zil, large-scale grazing takes place in wetlands that un-
dergo alternating periods of drought and flooding. But

alf of all drained peatlands worldwide outside the

A PROBLEM OF ORIGIN
Agricultural CO, footprint, in kilogram by product

M from drained peatland
™ not from peatland

Cheese and butter: per kilogram. Milk: per liter
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overgrazing and degradation is often a severe problem,
for example in Mongolia, where around 80 percent of
the country's cattle are concentrated on peatlands.

While peatlands drained for farming are dominated
by meadows and pastureland, they are also used as ara-
ble land to grow fodder crops such as silage maize. That
requires draining, fertilizing and cultivating the land,
which results in very high greenhouse gas emissions.
Although peatlands occupy only around 3 percent
of the agricultural area of the European Union, their
drainage is responsible for 25 percent of the ermissions
from agriculture and agricultural land use.

Not only is arable farming harmful to the climate;
but so is intensive grassland farming on drained peat
soils. These areas are used to grow feed, for example for
dairy cattle that require high-quality, energy-rich feed.
The emissions of carbon dioxide (CO,) and nitrous oxide
(N20) caused by drainage can reach 20 to 50 tonnes per
hectare per year on intensive grassland. On top of that
the high-performance grasses, high fertilization rates
and cutting frequencies of four or more mowings a year
result in a monotonous, species-poor grassland. Peat-
lands are used for intensive dairy farming in north-west-
ern Germany, Finland, and especially the Netherlands.
The city of Gouda, which gave its name to a world-fa-
mous type of Dutch cheese, is located in the centre of a
peatland that was drained back in the 11" century.

Beef cattle farming can be slightly less harmful to
the climate. Fodder quality requirements are lower
than in dairy farming, and synergies with biodiversi-
ty objectives are possible. The extensive grazing with
beef cattle, especially on non-peat soils, can maintain
grassland habitats that harbour threatened plants and
animals. Cattle eat what humans cannot digest, and so
do not compete with us for nutrients. On peat soils, ex-
tensive grazing allows for reduced drainage. This can
cut annual emissions to less than 20 tonnes of CO, per
hectare. To preserve the peat and meet climate targets,
however, high water levels are needed that cannot be
achieved with such grazing. The ground would be too
soft for common cattle breeds and the animals would
sink into the mud. In addition, the cattle’s digestive sys-
tem is less able to deal with feed from wet pastures,
and hoof diseases and parasites such as liver flukes and
lungworms are more of a problem. The actual carbon

CO, price: arable land and grassland on drained
peatlands can hardly be profitable.
But carbon costs are currently externalized



DAMAGE DONE BY AGRICULTURE

Emissions of the world's largest dairy and meat producers, in billions of tons of carbon dioxide (CO,),

excluding emissions from drained peatlands

The Top 5 meat
and diary Companies
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Exxon (largest
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The Top 20 meat
and diary Companies

Total greenhouse gas
emissions of Germany

932 1,902

These numbers from 2017 do not include the enormous climate damage caused by drained peatlands. Taken these
into account, the companies in the meat and dairy industries are among the largest emitters of greenhouse gases

footprint of beef products varies, and depends heavi-
ly on the type of husbandry and the organic content
of the soil. If cattle are kept on drained peat soils, the
carbon balance includes not only their methane (CH,)
emissions but also the emissions due to peat degrada-
tion. In case of suckler cow husbandry, additional emis-
sions of approximately 80 kilograms of CO,-equivalent
per kilogram of slaughter weight are calculated just for
the rearing phase of the calves.

The consumption of meat and milk accounts for a
large part of the greenhouse gas emissions attributable
to the food system. The effects on the climate are much
larger if the animals are kept on drained peat soils. Ex-
perts and environmental organisations therefore call
for other more sustainable utilisation options for large
peatlands. As soon as drained peatlands are rewetted —
which is indispensable in order to meet climate targets—
only the higher-lying parts are suitable for traditional,
extensive grazing. Water buffaloes are an exception
since they can also be kept in swampy areas. Around 95
percent of the world’s population of water buffaloes are
kept in Asia, and especially in India, Pakistan and China.
They are used for work in rice fields and for transport.
Their meat and milk are an important food source for
buffalo keeper in these countries. For Germany it was
shown that herd management and marketing are much
more demanding than with conventional cattle.

Many farms face major economic challenges in re-
nouncing the use of peatlands. For these farms, palu-

Global drainage of peatlands
causes twice as much
CO, emissions as global air traffic
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Corporations whose business is based on
peatland destruction often refuse transparency
when it comes to peat-related emissions

diculture could offer an opportunity. This is a sustaina-
ble use of wet or rewetted peatlands. Plant species are
cultivated that thrive on permanently waterlogged soils
and that produce raw materials that can help decarbon-
ize the economy. Using peatlands in this way enables
a double transformation: the necessary withdrawal of
livestock from rewetted peatlands meets the need for
healthier, climate-friendly diets. ®

INPUT AND OUTPUT
Share of greenhouse gas emissions from global agriculture,
in percent
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FORESTRY

PEAT, WIND & FIRE

Three percent of the world’s peatlands
have been destroyed for forestry purposes,
releasing large quantities of greenhouse
gases into the atmosphere. Drained

peat soils are the scene of devastating
fires that are used to clear land.

round the world, some 15 million hectares of
Apeatlands have been drained to make way for

plantations or forestry. Often enough the term
forestry also means the monocultural cultivation of
trees such as pines in plantations. When we refer to
peatlands and forests, three drainage-based land use
changes can be distinguished: the drainage of already
forested mires, the drainage of open, rather treeless
peatlands for afforestation, which mostly occurs in the
nordic countries, and the drainage of naturally forested
peat swamp forests in the tropics for the establishment
of plantations after clearcutting the original forest.
All can be conducted by large enterprises but also by
smallholders, facilitated by the industrialization of for-
estry and agriculture.

ETERNAL FLAME
How a smouldering fire develops
in drained peat

Peatland fires release
many harmful
chemicals that can
cause lung disease
and other ailments

Burning one cubic
metre of peat

can emit up to 200
cubic metres of CO,

Peat has a high carbon content
that burns when it is dry
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Drainage for intensive, even industrialized land
use always leads to a decline in biodiversity. In dense
tree plantations, hardly anything can grow on the
ground or in the undergrowth. In Europe, the largest
areas of peatlands that have been drained for forest-
ry are found in Finland and Russia, where they cover
an area of 6.6 million hectares. One-third of Finland’s
forests are on peat soils, making peat-forest manage-
ment very important for the country’s economy. Since
the middle of the last century, Finland has drained
more than half of its peatlands — though the gov-
ernment is now making effort to restore them by re-
versing the drainage. In the tropics, drainage of peat
swamp forests accelerated during the past decades
due to an increasing global demand for tropical crops,
timber and pulp wood such as from palm oil or aca-
cia. Especially Southeast Asia has been a hotspot of
peatland drainage, but also other tropical peatland
forests are currently under threat as the need for ar-
able land and forestry increases. The dilemma of for-
estry on drained peatlands is that newly planted trees
sequester carbon, but at the same time the drained
soils release vast amounts of greenhouse gases into
the atmosphere. The decomposing peat emits carbon
dioxide (CO,), while the drainage ditches and canals
release methane. Emissions of nitrous oxide may also
rise, especially if fertilizer is applied. Drained organic
soils are also susceptible to forest and peat fires. Large,
long-lasting peat fires occur in the high-latitude parts
of Canada and Eurasia, as well as in tropical areas and
pose an additional great threat to the climate. Fur-
thermore, these fires produce large amounts of tox-
ic smoke that can be deadly for people and animals.
To prevent fires from raging each year and causing
loss of biodiversity, significant health issues, massive
emissions, widespread destruction and loss of life, it
is necessary to maintain and restore moisture levels
in peat soils. Rewetted peatland forests provide good
conditions for sustainable forestry. Society can benefit
in many ways from the climate effect of wet peatland
forest, if on the one hand the carbon remains bound
in the peat, and on the other hand additional carbon
is sequestered in long-lasting timber products. Like
other wetlands, peatland forests also act as local cool-
ing: shade and respiration by the natural vegetation

Peatland fires, for example in Asia,
are often caused by fires used to
clear land for industry and forestry



CAN'T SEE THE PEAT FOR THE TREES

Carbon storage in wet peatland in Finland, and area used for peat extraction

Because they have been drained on a
large scale, Finland's peatlands now

store 90 million tonnes of carbon less
than in the middle of the last century
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create a microclimate with cooler temperatures and
fresh air.

In temperate climates, black alder can grow in areas
with high water tables. Its average rotation length — the
time from planting to harvest of a stand - is between
60 and 80 years. The wood of the black alder is suitable
for special construction purposes and is cheaper than
oak or birch. Still, the profitability of such forests is low
because of the trees’ growth forms as well as their har-
vest is difficult on soft, wet peat soils, in regions where
these soils do not freeze.

A similar problem occurs in tropical peatland for-
ests. There, some large individual trees are so valua-
ble that it is economically profitable to harvest only
them, leaving the surrounding trees standing. Howev-
er, dense stands of other trees and soft ground make it
difficult to use machinery. Often, trees are felled ille-
gally, with individual logs being floated down narrow,
hand-dug canals. These uncontrolled channels can
lead to the lowering of the water table and the gradual
degradation of the peat swamp forest, causing emis-
sions and subsidence. To limit both uncontrolled and
intended drainage, policies, social and financial incen-
tives, as well as monitoring and law enforcement are
needed to manage the land sustainably. Paludiculture,
the cultivation of plants adapted to wet peatland en-
vironments, and sustainable peat swamp fisheries can
combine the preservation of ecosystem services with
production of food, feed, fuel, fibre and other goods.

Companies advertise their green credentials -
but without legal measures, they cannot be
prevented from continuing to overexploit nature
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One-quarter of Finland is covered in peat,
mainly in forested areas. Some regions of Finland
have lost up to 90 percent of their peatland

Already in 2002, the International Mire Conservation
Group and the International Peatland Society, proposed
a framework for the Wise Use of peatlands. In 2014,
the Food and Agiculture Organization of the UN (FAO)
has published the report Towards climate-responsible
peatlands management. It also highlights the need for
capacity development and information dissemination,
community engagement, and good governance. ®

MUCH SMOKE
Activities of the paper firm Asia Pulp & Paper (APP)
in Indonesia
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APP supplies multinationals such as
Unilever and Nestlé. In 2014, after
major public pressure, it undertook to
protect peatlands and to produce in a
more sustainable way. Satellite imagery
shows that it instead continues to use
fire to clear land
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FILLITUP TO THETOP

Drainage pipes and ditches are still being
used to drain peatlands. Rewetting is
urgently needed to protect both the
climate and biodiversity. But how does this
work - and what do we have to consider?

o protect the climate, a peatland should have a
water table that is close to the surface of the soil.
The majority of intact or rewetted peatlands do
not look like a lake, but rather are swampy areas with
scattered pools of water. They may have open vege-
tation or be thickly forested. Because every peatland
is different, the rewetting process must be planned
for each one individually. Waterflow must be identi-
fied, the height differences of the land surveyed, and
drillings made in the soil. The soil samples reveal the
thickness of the organic layer and the characteristics
of the peat — whether it is very permeable or highly de-
composed and impervious to water. This information
forms the basis for a plan on how to retain water in
this particular peatland, and what optimal water lev-
el should be aimed at. The rewetting of larger, hydro-
logically connected areas is usually practical and less
demanding. After the conversion works are completed,
comprehensive monitoring will be needed to check
how the water levels and the habitat for peatland-typi-
cal species develop.
For all peatland types, the first step is to bring wa-
ter back into the peat. In general that means turning

NATURE’S KIDNEYS

Effect of rewetted peatlands on polluted water
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Research from 2022 studied contaminated water in former
mining areas such as the Lausitz in eastern Germany
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off the pumps, pulling the drainage pipes out of the
ground, and blocking up the ditches. Special excava-
tors are used to do this. They ride on extra-wide cater-
pillar tracks so they do not sink into the soft ground.

The subsequent process of rewetting depends on
the type of peatland. If it is rain fed, as in raised bogs,
dams are often built to prevent the water from run-
ning off to the sides. To build these, suitable peat is
heaped and compacted by driving over it with exca-
vator tracks to reduce the flow of water underneath
the dam. In some peatlands, it may make more sense
to insert a solvent-free pond liner vertically into the
ground, creating a kind of enormous bathtub that
will fill up with rainwater. The previously dried-out
peat will then soak up the water and swell. Adjusta-
ble overflows make it possible to set the water level
at the optimal height for peat forming. In fens, which
are fed mainly by various groundwater and surface
water flows, it is necessary to take wider areas into
consideration during rewetting. A stream that flows
through the depression can be used to provide water
to the rewetting of the peat body. By filling in ditch-
es and removing drainage pipes, sufficient water will
pond up in the fen. In the ideal situation, this water
will be low in nutrients. That allows peatland-typical
species that are used to a nutrient-poor environment,
such as small sedges and orchids to reestablish. Nutri-
ent-rich and polluted water, which often comes from
the surrounding agricultural land, should, if possible,
be dammed up in the marginal areas. In this way, the
nutrients can be deposited or broken down by chem-
ical processes. Too many nutrients result in more rap-
id decomposition of the peat and would pollute the
peatland.

In order to maintain the peat body and also to stim-
ulate peat formation, a certain water level is essen-
tial. In addition, erosion caused by too fast water flow
should be avoided by giving the water enough space
permitting an even distribution. The type of adapted
land management will depend on how the peatland
will be used in the future. After establishing a suita-
ble water level, land management needs to ensure the
establishment of vegetation to protect the peat soils.
Especially, in the tropical peatlands that are often fed
by heavy rainfalls the reestablishment of peat swamp



BAD INFLUENCE

Hotspots of human impact on peatlands
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forest vegetation is crucial to slow down run off and
avoid erosion.

If everything works out, the peatland will again be-
come a functioning store of water and carbon. That is
good not just to climate protection, but also helps mit-
igate the already present effects of climate crisis. The
peatland will act as a sponge to absorb heavy rain and
as a natural air conditioner that cools the air.

But despite these urgently needed benetfits, not all
peatlands can be rewetted immediately. Most of the
drained peat soils all over the world are still used for
farming or forestry. Transforming them for use under
waterlogged conditions will require careful prepara-
tion and planning. The complete rewetting of a peat-
land can only be successful if enough surplus water is
available. Such a surplus is not any longer available in
all peatlands. Especially in these times the proceeding
climate crisis can locally lead to falling groundwater
levels and more frequent periods of drought. That said,
wet peatlands can counteract precisely these water
shortages by retaining precipitation over a large area
during wetter times of the year, so contributing to a
more even water balance.

Dealing with these complex interactions requires
political will — complemented by the right expertise.
Planning departments and construction firms still have
too few staff with experience in rewetting techniques
and who are familiar with water balances, peat charac-

@ PEATLAND ATLAS 2023 | UNEP

teristics and the specific flora and fauna of peatlands.
Training such local peatland specialists will be a deci-
sive factor in ensuring the success of peatland trans-
formation. Understanding for rewetting is required
among the population, which can be achieved by rais-
ing awareness for peatland climate protection and by
creating alternative sources of income.

RECOVERY TAKES TIME
Greenhouse gas emissions from drained
and rewetted peatlands

carbon dioxide (CO,) M nitrous oxide (N,0)

I methane (CH,)

emissions

rewetting

natural peatland drainage recolonization by typical

peatland vegetation

time
schematic representation
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EUROPEAN UNION

DEFENDING DIVERSITY

Europe is rich in peat landscapes, which
differ widely according to the region

and climate. But one thing that the
European Union’s programmes to protect
peatlands have in common is that they
are not very effective.

European Union (EU). The EU country with the

highest proportion of peatlands is Finland, where
peat covers around 25 percent of the land surface. Some
20 percent of Ireland and Estonia are covered by peat,
followed by Sweden with 15 percent. Uncertainties in
data show that the figures are not directly comparable
between countries. For example, peatlands are not des-
ignated as such in some countries.

Peatlands in the European Union have a long land
use history. Around half of the peatlands are classi-
fied as degraded due to peat extraction and drainage
for agriculture or forestry. Southern Europe has the
highest proportion of degraded peatlands, although
this region also has more peatlands in protected are-
as, for example in EU Natura 2000 sites. LIFE, the EU’s
programme for nature, is also financing peatland pro-
jects across EU, but their spatial extend remains limit-
ed. Most intact areas where peat is still accumulating
are located in the northern parts of the continent. In
the European Union, around 120,000 hectares, or just
under one percent of the total drained area, has so far
been rewetted.

P eatlands cover a total of 35 million hectares in the

FALLING THROUGH THE CRACKS
Number of EU states that document emissions from drained
peatlands under forestry, arable land and grassland
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The European Union has a concerted agricultural
policy for the last 60 years — the Common Adricultural
Policy (CAP). With an annual budget of 55 billion euros,
it has a major influence on the direction of agriculture.
The use of drained peatlands is fully eligible for support,
whereas rewetting has in the past usually led to a loss of
support due to the change of use involved. Only 12 of the
EU’s 27 Member States have included peatland conser-
vation in their national plans for implementing the CAP.
And on only two percent of peatlands water abstraction
via drainage is banned. Between 2014 and 2020, only
2,500 hectares were actively restored under the CAP.

With the start of a new funding period in 2023, it is
now possible for Member States to subsidize rewetted
areas via the CAP’s direct payments mechanism. That
makes raising the soil water levels more attractive to
farmers, but at the same time payments for drained
agricultural sites continue. Also, scientists say that the
protection of peatlands in national implementation
plans is far from sufficient, with only a minority of
Member States making use of this option.

Beyond the flat-rate area payments, there are at
least some promising efforts to improve the situation
of peatlands in the EU through targeted support meas-
ures such as organic farming schemes and agri-envi-
ronmental and climate schemes. But it is still too early
to judge their success. This will depend largely on the

Many states fail to take part in the EU-wide
documentation of peatland emissions.
Member States often lack data and knowledge

I number of EU states conducting documentation
number of EU states with emissions from drained peatlands
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nitrous
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SMALL BUT BIG

Share of drained peatlands in agricultural land
and of agricultural emissions’, in percent,

by selected EU state in 2019
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budget available and farmers’ acceptance of the tai-
lored measures.

The European Green Deal is more promising to bring
about a change in the right direction as it covers biodi-
versity, land use and soil policies in a coherent manner.
As part of the deal, the European Commission proposed
the Nature Restoration Law in June 2022. This aims to
set concrete, legally binding goals for restoring ecosys-
tems for the Member States. The proposal includes a
special role for peatlands. It requires that the Member
States step by step restore 70 percent of their degrad-
ed and agriculturally used peatlands by 2050, half of it
through rewetting. Yet this law has seen strong resist-
ance by parts of the EU legislator. The Council of the EU
has adopted its position in June 2023, yet introduced
more flexibility for Member States. It has also reduced
the area of peatlands, which has to be restored to 50 per-
cent. The European Parliament on the other hand has
completely deleted the peatland restoration targets as
part of agricultural lands in its position. Trilogue nego-
tiations between Parliament, Council and EU Commis-
sion are ongoing, yet it can be expected that the final
law will be less ambitious than the original proposal
by the EU Commission. Scientists and environmental
NGOs state that even with the Commission’s proposal
an insufficient area of peatlands would be rewetted to
reach overarching goals for example for climate action
or biodiversity conservation.

The climate crisis means we must
change the way we farm. Protecting
peatlands will play a crucial role

© PEATLAND ATLAS 2023 | GMC

It can be very effective: in many countries,
rewetting peatlands could save
large amounts of agricultural emissions

European legislation requires individual Member
States to balance emissions and carbon storage in their
land use. Despite the current rules, emissions from
drained peatlands have not yet decreased significant-
ly. Peatlands in the European Union currently emit
220 million tonnes of CO,-equivalent per year. Overall,
drained peatlands are responsible for 7 percent of the
EU’s greenhouse gas emissions — they are by far the
largest source of emissions from agricultural land use
and forestry. ®

BIG WINS FROM PROTECTING PEAT
Examples for the potential annual savings by agricultural climate-
protection measures in Germany, in million tonnes of CO,

halting conversion of
permanent grassland

reducing
nitrogen fertilizers

rewetting of peatlands used for
agriculture and reduction of peat use
in gardening and landscaping

calculations by German Federal Ministry for Food and Agriculture, 2021
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EU SUPPLY CHAINS

THE CONSEQUENCES
OF CONSUMPTION

The consumption and production of
commodities such as timber are major
drivers of deforestation and forest
degradation. They also cause peatland
degradation on a grand scale.

dation because of peat extraction and the use

of peatlands for agriculture and forestry. Oth-
er major hotspots are Northeastern China, Southeast
Asia and the American Midwest. An estimated 88 per-
cent of the world’s peatlands remain largely unused
and undrained. But these ecosystems are increasing-
ly threatened. This is particularly true in the tropics,
where only in the last decades peatlands have been
extensively drained and their land use converted to

E urope is a major hotspot for peatland degra-

CHAINSAWS AND SUPPLY CHAINS
Total forest replacement 2001-2015, by commodity
in million hectares
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provide food, fibre, timber, fodder and fuel. The three
main commodities on global peatland are palm oil,
cattle and rice. Especially in Southeast Asia, many of
the most peatlands are form under forests.

Palm oil is well known for its link to deforestation.
This crop is the most efficient producer of vegetable oil,
accounting for about 30 percent of world production.
After India, the European Union (EU) is the second larg-
est importer, importing 6.3 billion euros worth of palm
oil and palm oil products in 2021, mostly for biofuels.
Indonesia and Malaysia are the largest producers of
palm oil from drained peatlands. Together they supply
almost 75 percent of the EU’s imports.

Meat and dairy products also put pressure on peat-
lands. Eighty percent of Mongolia’s cattle graze on
degraded and natural peatlands, for example, though
these cover only 2 percent of the country. On the other
side of the world, the Pantanal in Brazil — a major wet-
land including peatlands - is under pressure from cat-
tle production and widespread forest fires used to clear
land for expanded pasture. The Pantanal’s wetland area
has shrunk by almost one-third since the 1980s, but a
recent law allows extensive cattle ranching and tour-
ism in protected areas in the region. In 2022, Brazil was
the EU’s largest source of agri-food imports, account-
ing for 12 percent of its total imports. In 2022, around
52,342 tons of meat (excluding poultry) were imported
from Brazil to the German market. The import value in
that year was about 111 million euros.

The EU imports around 1.2 million tonnes of milled
rice per year, mainly from Southeast Asia. Peatlands
and rice production have a troubled history. The most
notorious example of rice production on peatlands
was the Mega Rice Project, launched in 1996, which
aimed to drain and convert 1 million hectares of peat-
land on the Indonesian island of Kalimantan. The pro-
ject failed to produce rice on a commercial basis and
was abandoned after three years. It failed because the
peat, which was more than half a metre thick, pro-
vides fewer nutrients than mineral soil, and because
it was difficult to control the water levels — which
are crucial for rice production. However, Indonesians

Since 2000, Indonesia lost almost 20 percent
of tree cover. The EU is the second
largest importer of tropical deforestation



20 PERCENT OF THE WORLD’S WETLANDS HAVE BEEN DESTROYED

Loss of wetlands since 1700
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are still suffering the consequences of the large-scale
drainage undertaken for the project, as it is difficult
to restore such peatlands to their functioning state.
Fires in the former Mega Rice Project area released
173,000 tonnes of carbon each year and created a haze
that blanketed the region and forced many activities
to come to a halt. Despite this, the Indonesian govern-
ment has shown interest in restarting rice production
in the project area. It is negotiating a free-trade agree-
ment with the EU to increase trade and investment
while promoting sustainable development — which
should include peatland management issues.

To reduce damage to forests worldwide, the Euro-
pean Union recently adopted a law on deforestation,
which came into force in June 2023. It requires compa-
nies to trace the commodities they are selling back to
the plot of land where they were produced. This is a step
forward for forest protection and management, and
many forest organisations have welcomed the law and
its aim to promote trade of deforestation-free products
in EU markets. But the law’s scope is limited to forests,
so it could have the effect of encouraging commodity
production to shift away from forest land to peatlands
and other ecosystems, putting these areas under addi-
tional threat. This is despite the legislators’ recognition
that efforts to protect forests should not lead to the
conversion or degradation of other natural ecosystems.
Reviews of the law in 2024 for other wooded land, and
in 2025 specifically for wetlands and peatland, will pro-

75
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vide an opportunity to expand its scope to include peat-
lands and peatland-friendly supply chains.

Many countries lack accurate inventories of their
peatlands. This makes it difficult to monitor the vol-
ume of imports into the EU that have been produced
on drained peatlands. Data collection and monitoring
of agricultural production on drained peatlands are ur-
gently needed to support peat-rich countries to invest
in alternative production practices, such as paludicul-
ture, which have proven benefits for climate and bio-
diversity. A good example is the EU-funded “People for
Peat” project, which supports better peatland manage-
ment in Southeast Asia. Global agricultural, forestry,
mining, food and beverage industries need to invest in
product certification and in making their supply chains
peat-friendly by ensuring that they avoid the addition-
al loss of peat and do not cause further degradation.
The certification scheme of The Roundtable on Sustain-
able Palm Oil (RSPO) is an example: it does not allow
the establishment of new plantations on peatlands.
Non-government organisations urge that such meas-
ures be included as well as better data collection and
monitoring in future revisions of the EU’s deforestation
law, and for the law’s scope to be extended to include
peatlands by 2025.
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MORE FROM THE MARSH

Reeds are used to make thatch for

roofs, and grass fibres are used to make
furniture: paludiculture combines
peatland conservation with agriculture.
Strong political support is needed to give
this sustainable way of using rewetted
peatlands a chance of success.

any peatlands were originally drained to cre-
ate husbandry or for peat extraction. Rewet-
ting does not mean that they should be left
unused. The use of wet and rewetted peatland for ag-
riculture or forestry is called paludiculture. This con-
cept was developed more than 20 years ago. The name
comes from palus, the Latin word for swamp. While
drainage aims to subject an organic soil to a particular
type of land use, paludiculture allows it to be used in
accordance with the natural conditions. It stops peat
decomposition and reduces greenhouse gas emissions.
The idea is to maintain high water levels that keep the
peat completely waterlogged all year round, so pre-
serving the peat.
Typical paludiculture plants are those that can
cope well with these high moisture levels and whose
above-ground biomass has an economic use: they in-

SUPPLIES FROM SOGGY SOIL

30 examples of paludiculture
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clude reeds, peat mosses, rushes, papyrus, alder, sedges
and other grasses. Paludiculture does not focus on food
production, but on renewable raw materials that can
be used in construction, as insulation or in manufac-
turing. Biomass from paludiculture can also be used to
produce paper, cardboard, other packaging materials,
and bio-based chemicals used to make pharmaceuti-
cals, along with resins and bioplastics. It is also possible
to raise livestock on wet, swampy land. Water buffa-
loes, for example, have wide hooves that make them
suitable for use in landscape maintenance. Peat moss,
bulrushes and reed produce a variety of raw materials
for substrates for peat-free horticulture. Energy can also
be produced with paludiculture biomass. Local power
stations can burn hay harvested from wet meadows to
produce heat for many homes.

Papyrus is a highly productive aquatic perennial
with stout stems that can reach 4 to 5 metres in height.
It typically dominates valley peatlands in Africa, but
also forms floating mats along lakeshores or in perma-
nent wetlands. It has a long history of being used to
make paper, boats, mats, baskets and thatch. It is also
burned as fuel in cooking stoves. Sanitary pads can be
made from the fibres, and are marketed in Uganda un-
der the name MakaPads. Papyrus is harvested mostly
from natural stands. It is important to harvest such
stands sustainably to promote regrowth and to gener-
ate a reliable income, but recommendations on how to
do this are often not available, or are not followed.

In Indonesia, there are approaches that combine
rewetting, the revegetation of peat-swamp forest, and
the revitalization of rural livelihoods around peatlands.
Several tree species are being cultivated in rewetted,
degraded peatlands and used by smallholders. One of
these is Jelutong, which produces a latex used in den-
tistry, insulation materials and chewing gum.

As a result of their adaptation to the special hab-
itats, many wetland plants have developed specific
characteristics that can be put to very good use. Peat
moss, for example, acts as a sponge, making it an ide-
al substitute for peat as growing media for plants. One
kilogram of peat moss can hold up to 30 litres of water.
Bulrushes have air-conducting tissues in their leaves
which they use to transport air to submerged parts of
the plant. These tissues give the plants great stability,



BIG POTENTIAL FOR REEDS

Current transport routes for reeds

Fully loaded container
ships burn 300 tonnes
of heavy fuel oil per day
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Up to 85 percent of the
reeds used in Germany
are imported - increas-
ingly from countries
such as China

The market for reed
thatch in northern
Germany alone is worth
up to 11.6 million euros

making bulrush a promising raw material for building
and insulation materials.

For farmers and foresters, switching from a system
based on draining the peat to paludiculture poses an
enormous challenge. They have to establish new plan-
tations, raise water levels and purchase new equip-
ment. They often need to carry out construction work,
so they have to plan and obtain the necessary permits.
To cultivate wet peat soils at all, they need adapted ve-
hicles that exert a low pressure on the ground. And be-
cause the crop can no longer be processed like palm oil
or used to feed dairy cattle, they need to develop new
processing methods and distribution channels. With-
out political support, farmers will not be able to cope
with this mammoth task.

Blown-in wall- and attic-insulation made from bul-
rush, or furniture boards made from grass fibres: many
prototypes from paludiculture products already exist.
In Europe, for example, they already are an ecologi-
cal alternative to raw materials that would otherwise
have to be imported from far away. But there are still
few paludiculture products on the market: there is
simply not enough rewetted peatland yet to grow the
raw materials that is needed to produce them in larger
scale. This means that there is not enough raw materi-
al for processing companies to invest in the new pro-
duction methods needed to switch to paludiculture.
Experts are therefore calling for public investment
along the entire value chain. Public construction pro-
jects could set an example by using climate-friendly

Paludiculture products have so far
been used mainly in tiny houses. But they
can be used in regular houses too

1,300 tonnes

South Korea

Distance from China
to northern Europe:
21,000 kilometres

Port Kelang
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Rather than shipping reeds halfway round the
world, they can be grown more cheaply
and sustainably in Europe using paludiculture

building materials from regional paludiculture. Palu-
diculture products have multiple positive impacts on
the climate: rewetting the land reduces greenhouse
gas emissions from peat oxidation and helps to store
carbon in the soil. Paludiculture products replace ma-
terials produced from non-renewable resources using
fossil fuels. Product labelling, subsidies or area pay-
ments could provide stronger incentives for farmers
and companies to switch to this sustainable form of
production. ®

HOME REMEDIES

Use of paludiculture products in house construction

reeds for thatching roofs, or
as pressed pellets for heating (NN

grass fibre from
wet meadows to
make furniture

bulrushes alder as veneer
for insulation on walls and
furniture
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ENERGY

SCORCHED EARTH

People have been using peat for heat since
the Bronze Age. They still do so today in
countries like Finland, Belarus and Rwanda.
This is not sustainable - but there are new,
climate-friendly ideas for how peatlands
can help generate heat and power.

ers of organic matter that have accumulated over
thousands of years. Extracting the peat requires
draining the peatland, releasing huge amounts of car-
bon that had been drawn from the atmosphere and
stored in the ground in the form of peat. Although it
has long been known that burning peat affects the cli-
mate, the material is still extracted for energy, mostly
from raised bogs. In 1999, over 21 million tonnes were
extracted in Europe alone, mainly in the northern and
eastern parts of the continent. Different reporting
standards across Europe mean that there are few reli-
able figures for more recent years. Peat is still an im-
portant energy source in Belarus and Finland. In 2020,
peat accounted for 3.4 percent of Finland's total energy
consumption. The Finnish state is a major shareholder
in Fortum, an energy company that is helping to build
a peat-fired power plant in Rwanda, among other pro-
jects. This climate-damaging but potentially very prof-
itable project is being carried out under the guise of
development aid.
The Rwandan government has commissioned two
peat-fired power plants, one at Gishoma, near Lake

E xtracting and burning peat not only destroys lay-

NO CHOICE BUT TO GET WET

Emissions in tonnes of CO, per terajoule

maize for biogas production
from drained peatlands
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Kivu, with a capacity of 15 MW, and the other at Gisaga-
ra, on the Akanyaru River, with a capacity of 80 MW.
The Gishoma plant was due to start operating in 2017
and the Gisagara plant in 2020. According to projec-
tions, by 2024 peat will account for 17 percent of the
country's energy mix. However, both plants have yet to
come on stream due to furnace malfunctions and sea-
sonal flooding. Nevertheless, peat extraction is already
underway near both plants, with some of the peat be-
ing used as fuel by nearby cement factories.

To stop the destruction of peat and the huge green-
house gas emissions caused by drainage, the water-
body in peatlands must be restored to its original level.
This rewetting process goes hand in hand with other
forms of land use. One way of reconciling agriculture
and peat conservation is paludiculture. This type of
peatland use depends on high water levels. Biomass
from paludiculture offers the opportunity to switch
regional energy supplies to renewable resources. It is
not dependent on wind and sunshine and can there-
fore be an important part of the energy transition. Un-
like wood, the biomass can be harvested every year.
Burning it releases only as much carbon into the at-
mosphere as was sequestered in the previous year —
not over decades as with wood. Despite harvesting
the above-ground biomass, peat can still accumulate
because plants such as sedges produce peat from their
roots, which are not harvested. They remain in the wet
soil and turn into peat over the years. Biomass from
paludiculture can be used in thermal power stations
or biogas plants. Suitable species from wet meadows
include sedges, reed canary grass, as well as reeds
and rushes. Their biomass can be burned using com-
bustion systems adapted to the high ash content and
critical components of the biomass. This avoids un-
wanted emissions of carbon monoxide and nitrogen
oxides and prevents premature wear and tear on pow-
er plants. Biodiversity also benefits when mowing is
scheduled outside the breeding season of reeds or
meadow breeding birds. Biomass must be harvested
when dry, as only dry material has a high calorific val-
ue. Once dry, it can be rolled into bales for storage or
pressed into pellets. Pilot projects show how this can
work. Since 2014, a power plant in Malchin, a town
in northeastern Germany, has been producing 3,500

When burned, biomass from drained peatlands
emits more CO, than fossil fuels. There is
no way around it: peatlands must be rewetted
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megawatt hours of heat from local wet meadows. This
is enough to supply around 500 homes, as well as sev-
eral schools and offices, via a heating network.

Wind turbines and solar farms can also be built on
peatlands. But up to now the necessary rewetting of
peatlands has often not been taken into account in the
planning of such wind and solar farms, even though
it is essential for meeting our climate targets. The sys-
tems that have been built are not adapted to wet condi-
tions, which hinders peatland restoration and thus the
reduction of greenhouse gases from peatlands. A fur-
ther difficulty is that rewetted peatlands need to devel-
op a continuous vegetation cover to protect the peat-
land. Solar farms must therefore allow enough light to
pass through to ensure plant growth under the solar
panels. There is still a lack of suitable demonstration
sites where it can be clearly shown that such renewa-
ble energy systems can be successfully installed on wet
and unstable soils.

One step in this direction is Germany's Renewable
Energy Sources Act of 2023, which prohibits subsidies
for solar farms on drained peatlands, but provides ad-
ditional financial support for solar farms on perma-
nently rewetted peatlands that were previously used
for agriculture. As peatlands also play an important
role in preserving biodiversity, experts are urging that
the feasibility and environmental impact of such sys-
tems is tested first. Depending on their suitability and

Centuries ago, peat was an important source of fuel
in Germany. It came mainly from bogs, which
have been particularly damaged by peat extraction

| near-natural peatland |7
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Harvesting biomass for heating and grazing
water buffaloes: paludiculture makes a sustainable
and profitable use of peatlands possible

the rewetting process, solar farms on peatlands should
be restricted to drained, degraded or cultivated areas
outside actual or potential protected areas. And the ef-
fects of wet peatlands and solar farms to each other
need to be monitored in order to counteract any nega-
tive consequences. ®

VERY LITTLE LEFT
Area of raised bogs in Europe,
in 1,000 hectares
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SMALL CONTINENT,
ANCIENT LANDSCAPES

Few peatlands in Europe are located
within protected areas, and even

there, they are not always protected
adequately. National agricultural policies
provide little or no support for the
development of sustainable peatland-
management practices.

eatlands can be found in all countries in Europe

except Malta. They are concentrated in north-

western and eastern Europe and in the Nordic
countries. In southern Europe, peatlands are less com-
mon. Areas with a natural surface peat layer more than
30 cm thick cover almost 59 million hectares in Europe,
this equals 12 percent of the world’s peatlands. If shal-
lower peatlands are included, the total area is 100 mil-
lion hectares, or about 10 percent of the total surface
area. Europe’s main mire regions vary substantially in
size, mire diversity, peatland condition and protection.
Throughout Europe, only 16 percent of the peatland
area is located within protected areas, and often this
does not equal adequate protection.

The largest peatlands in Europe are a 178,000-hec-
tare mire named Ocean in the Republic of Komi, and the
96,000-hectare Polisto-Lovatsky mire in Pskov Oblast in
western Russia. The smallest peatlands are located in
the highlands and steppes and cover only a few square
metres. Across Europe, the average depth of peatis3to4

FACING DANGER

Number of Red List mire habitats in the European Union, by threat

metres, with maximum depths typically 10 to 12 metres.
The deepest peatland in Europe can be found in north-
ern Greece at up to 190 metres: The Philippi peatland.
This area provides a unique opportunity to study the
transition from peat to coal at a depth of around 120 m.

The EU’s European Red List of Habitats, which cov-
ers the EU, the rest of western Europe and the Balkans,
includes 13 treeless peatland habitats, three of which
are considered as vulnerable and one as critically en-
dangered. Including non-EU countries in eastern Eu-
rope would result in a different list of rare peatland
habitats. Bogs and spruce-dominated peatlands are not
endangered in the Carpathians and Urals or in the Rus-
sian part of the East European Plain.

Mire landscapes often include rather few species,
but highly specialised ones. The proportion of endan-
gered species in peatlands is often higher than in other
ecosystems. The IUCN’s Red List of Threatened Species
includes nine European vascular plants and five types
of birds. Important umbrella or flagship species in Eu-
ropean fens are the aquatic warbler, the fen orchid and
for bogs the golden plover and the wood sandpiper.

Europe has a long history of peatland use and degra-
dation. Human impacts have included using peatlands
for food, fodder, fibre and fuel, and draining them for
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ACROSS EUROPE BUT MAINLY IN THE NORTH

Distribution of peatlands in Europe

Relative area coverage in EU28
per mire habitat type in percent
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small and sparsely distributed peatlands are slightly enlarged for better visibility

intensive agriculture, forestry and peat extraction.
Peatlands have also been used for urban, industrial and
infrastructural development. More recently, large areas
of peatland have been cleared to make way for water
reservoirs or windmills to generate electricity. Human
impact has also been indirect. For example, as early as
3,000 years ago, the anthropogenic deforestation of up-
land areas led to changes in the flow of rivers and the
consequent widening of estuaries, resulting in massive
peatland erosion in the perimarine floodplains of the
Netherlands. However, human activities have also led
to the creation and expansion of peatlands in Europe
through interference with landscape hydrology. In oce-
anic parts of the continent, blanket bogs have formed
as a result of land clearing, burning and livestock graz-
ing. Such blanket bogs often occur in mosaics with
heathlands that were established some 3,000 to 4,000
years ago.

Europe is the continent with the largest propor-
tional loss of actively accumulating peatlands, due
to its long history, high population pressure and cli-
matic suitability for agriculture as the main driver of
peatland drainage. As peat extraction and human-in-
duced oxidation and erosion have transformed many
former peatlands into mineral soils, about 10 percent
of the maximum peatland area during the Holocene
(the period since the last ice age, 10,700 years ago) no
longer exists as peatland. Nineteen European coun-
tries each have more than 100,000 hectares of severe-
ly degraded peatlands. In Finland, nearly 60 percent
of the peatland area was destroyed during Europe’s
most ambitious peatland drainage programime, espe-

Factors like temperature influence the
distribution of distinct mire types. Peatlands cover
about 60 million hectares of Europe’s land area

cially in the 1970s, when about 300,000 hectares were
drained each year. In countries such as the Nether-
lands, not a single peatland has been left untouched,
and only a very small remnant of peatland remains
undrained. Nevertheless, Europe still has a significant
diversity of mires, which are often the last wilderness
areas in a predominantly cultivated landscape.

The high degree degradation makes Europe the
world’s second largest emitter of greenhouse gases
from drained peatlands, after Indonesia. The climate
crisis is also causing peat loss from undrained peat-
lands as a result of prolonged droughts and heatwaves,
fires, vegetation change and permafrost degradation.
Large and rapid losses of ancient permafrost carbon
have only recently begun and will increase in the fu-
ture, according to studies.

Problems associated with unsustainable peatland
management, including drainage for agriculture and
forestry, have not been fully addressed in land use and
climate policies in Europe. Furthermore, EU and nation-
al agricultural policies, with their established subsidy
systems, do not or only little support the development
of sustainable peatland management practices. As a re-
sult, the problems associated with peatland drainage
in Europe are far from being solved. The continent lags
far behind Indonesia — a country that has already re-
wetted more than 20 times the area that Europe has
rewetted in its entire history. ®
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ICE AGE LEGACY

One-third of the world’s peatlands are
in North America. Those landscapes
close to urban areas have suffered
severe degradation, and urgent repair
work is needed to restore them. In the
north of the continent, peatlands are
increasingly threatened by the oil and
mining industries.

orth America’s peatlands take on a wide vari-

ety of forms: from the fens and sedge marsh-

es of the Everglades, to the cypress swamps of
the eastern United States, to the bogs and fens of the
boreal forests of Canada and Alaska, which make up
the majority of North America’s peatlands. The whole
continent has a total of 158 million hectares of peat-
lands, which are currently estimated to store 185 billion
tonnes of carbon.

Although more than 98 percent of North America’s
peatland remains intact, drainage in more populated
regions has resulted in significant degradation. Nearly
2 million hectares have been drained for agriculture,
which accounts for most of the area converted, while
additional areas have been lost to development.

The remaining peatlands are increasingly threat-

INDIGENOUS PERSPECTIVES
ON PEATLANDS

Artwork “Our Connection

to the Land” by Omushkego artist
Gerry McComb, 2023

“Our ancestors walked
and traveled these lands
for thousands of years,
the peatlands have

been forming beneath our
feet and storing carbon
for thousands of years
cooling the planet for the
Omushkego and the
whole world. They are too
precious to be disrupted or
drained. We need them to
be whole for our survival
and renewal as a people.”
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ened by the northward spread of the oil and min-
ing industries. These have already disturbed at least
500,000 hectares of peatland and may expand further
in the coming decades. There are numerous mining
claims on peatlands in Canada. Resource exploration
and access to mine sites require additional infrastruc-
ture such as roads, which further affect the landscape
in ways that are still poorly understood. Large areas of
boreal forest have been flooded to create reservoirs for
hydroelectric power plants. Such disturbances have
contributed to the decline in the number of woodland
caribou in Alberta.

Climate crisis poses an additional threat to North
America’s peatlands. In the south, warm, dry summers
can dry out the peat and exacerbate the risk and sever-
ity of wildfires. In the north, much of the peat is under-
lain by permafrost. As this thaws in a warming climate,
it changes the hydrology and releases large quantities
of carbon in the following years. However, climate cri-
sis may also cause the peatland to expand northwards.
It is uncertain whether the peat will continue to absorb
carbon as the climate continues to change.
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ONE-QUARTER OF WORLD'S PEAT IS FOUND IN CANADA

Distribution of peatlands in Canada

[ canada

Major peatland areas in North America include the
Everglades and the Hudson Bay Lowlands. The Ever-
glades, in southern Florida, is a subtropical peatland
that developed about 5,000 years ago. It has been des-
ignated as a wetland area of global importance by the
Ramsar Convention. Originally 1.1 million hectares, al-
most half has been converted to agricultural and urban
use. A huge system of drainage canals was begun in
the late 1800s, and by the early 1980s most of the re-
maining Everglades had been surrounded by dykes.
Massive drainage and water management efforts were
undertaken to prevent flooding of agricultural land and
coastal settlements. The supply of water to the Ever-
glades was reduced, causing some peatlands to dry out
and decompose or burn. This in turn led to enormous
carbon losses: The Everglades have lost 75 percent of
peat stocks, releasing 1.3 billion tonnes of carbon di-
oxide (CO,) into the atmosphere. This poor water man-
agement has made the Everglades one of the largest
wetland contributors to emissions in North America.
In 2000, the US Congress authorized the Comprehen-
sive Everglades Restoration Plan to restore, preserve
and protect the wetland ecosystem. A key measure is
to reestablish the natural hydroperiod, which will re-
duce greenhouse gas emissions while providing for
the region’s other water-related needs, including water
supply and flood protection. At a cost of 23.2 billion US
dollars and due to be completed by 2050, it will be the
largest hydrological restoration project ever undertak-
en in the United States.
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The Hudson and James Bay Lowlands in Canada
are one of the largest continuous peatland complexes
in the world. It stores an estimated 30 billion tonnes
of carbon, or more than 15 percent of the carbon con-
tained in all North America’s peatlands. The area cov-
ers 33.5 million hectares along the Hudson and James
Bay coastlines. This region is home to Indigenous com-
munities who have been stewards of the land since
time immemorial. The peat has developed over the
last 7,000 years, slowly accumulating up to 3 metres
of organic matter. The depth and age of the peat are
strongly influenced by the legacy of the last ice age,
where land was exposed along the coast as it rebound-
ed from the weight of the ice sheet. This process still
is occurring today, with the land rising at a rate of 1.2
metres every 100 years. The slow accumulation of peat
over millennia means that the carbon stored in the
soil is particularly vulnerable to development, as the
organic matter cannot be replenished in the timescale
needed to mitigate climate crisis. Although the region
remains relatively pristine, threats include mineral
exploration and development. Protecting these peat-
lands will be critical for mitigating climate change.
Conservation should be led by Indigenous people to
protect the social and ecological values of the land-
scape for the people who live there.
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LATIN AMERICA AND THE CARIBBEAN

YOU CANNOT PROTECT
WHAT YOU DO NOT KNOW

From lowland swamps dominated

by tall palms to the treeless cushion bogs
of the high Andes, Latin America

and the Caribbean are home to a huge
range of peatlands. But relatively

little is known about them - making
conservation difficult.

range of peatland types: palm and freshwater

swamps, mangroves, a variety of forests, shrub-
lands and grasslands, and moss and cushion peatlands
in high Andean mountains. They vary in their appear-
ance, dominant vegetation, and main source of water.
They are home to unique plants, shelter rare, endemic
and endangered animal species, and provide resting
and breeding sites for migratory birds. Lowland Am-
azonian peatlands host particularly high levels of re-
gional species diversity.

The region’s peatlands also supply products for local
consumption and trade: fruits, flowers, leaf fronds and
fibres, building materials and honey. Aguaje palms in
the Amazon swamps produce fruit for eating or for pro-
cessing into drinks, ice cream or oil. They are an impor-
tant source of income for many families in rural areas

I atin America and the Caribbean have a wide

INCREDIBLE BIODIVERSE

Animals in the peatlands of Latin America

and the Caribbean

Baird’s
tapirs

Giant
anteaters

Andean
mountain
cats

K
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of Peru and in the city of Iquitos on the Amazon. Herd-
ers in the Andes and Patagonia use peatlands known as
bofedales as pasture for the native alpacas and llamas,
as well as for sheep, cattle and horses. The peatlands
are also an important source of water for several large
cities and for agriculture.

More than 3 percent of the region’s peatlands are
degraded. Throughout the region, and especially in
Central America and the Caribbean, peatlands are
drained for cultivation or pasture. Peat is also extracted
for commercial use, particularly for horticulture. While
in some countries such as Peru, the peat is dug on a
small scale by informal businesses, in Chile and Argen-
tina, peat and peat moss are extracted on a larger scale
from pristine peatlands. This industry is regulated by
mining policies and is a growing threat. In Chile, the
exportation of dry Sphagnum fibre has increased four-
fold between 2001 and 2019, to 4,615 tons worth 21 mil-
lion US Dollars.

The greenhouse gas emissions from drained peat-
lands in Latin America and the Caribbean are estimat-
ed at 91 million tonnes of carbon dioxide equivalent

Peatlands in Latin America and
the Caribbean are a biodiverse Ecosystem;
home to mammals, reptiles, amphibians

Raccoons Geoffroy’s

spider
monkeys

Spectacled
bears

Andean

WELEETN
condors

Northern
giant musk
turtles

Darwin’s
Rheas
Crocodiles
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ACCOUNTED FOR ALMOST 50 PERCENT OF THE GLOBAL TOTAL OF TROPICAL PEATLANDS

Distribution of peatlands in
Latin America and the Caribbean,

in 1,000 hectares
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per year. Yet few countries have policies that specifical-
ly address peat or peatlands and their conservation and
restoration. Argentina, for example, has designated
specific areas for peatland conservation. Peru banned
the commercial peat extraction in 2021, allowing only
traditional and domestic use. Ecuador has a water fund
that conserves and rewets high-altitude peatlands. But
other countries allow, or even encourage, the draining
of wetlands for agriculture, especially for sugarcane,
bananas, palm oil and rice, or for urban growth, as in
Brazil, Cuba, Mexico, Panama and Peru. Drainage is not
the only threat. Other drivers of change include the ex-
traction of oil, gas and peat for fuel, overgrazing, min-
ing, fires and climate crisis. New concessions for oil and
gas, hydropower, logging and palm oil may outstrip
current threats.

Research on peatlands in the region is still in its ear-
ly stages, so knowledge and data are scarce. Many gov-
ernments are unaware of the presence or importance
of peatlands within their borders. There are several
reasons for this lack of awareness: the history of colo-
nialism, the lack of common terms and classifications,
and the diversity of peatlands complicates their recog-
nition. In addition, in many countries only few scien-
tific institutions conduct research on the subject. Most
peat research is carried out by foreign institutions, so
linguistic or cultural barriers can hinder the spread of
information and hamper conservation, restoration and
sustainable management efforts. A lack of governance

@ PEATLAND ATLAS 2023 [ UNEP

and regulation are common challenges, as are corrup-
tion and poverty. However, Indigenous and local com-
munities have traditional knowledge of how to man-
age water, grasslands and livestock, and how to use
resources and manage peatlands in a sustainable way.

The situation of the peatlands in the Peruvian Ama-
zon is an example of what can happen when the exist-
ence and value of peatland ecosystems are recognized.
Policies had put peatlands on a path of extractive use,
neglecting their value in storing carbon and provid-
ing ecosystem services. This began to change in the
last years, when the extent and importance of tropical
peatlands in Latin America were recognized, leading
to growing national and international interest, and to
initiatives in research, sustainable management and
conservation. Traditional knowledge about the clas-
sification and use of these ecosystems is now being
studied, and the strong spiritual connection of Indig-
enous peoples to peatlands is being recognized. The
Peruvian government now acknowledges the impor-
tance of peatlands as a carbon sink. While the situ-
ation in Peru has improved, much more needs to be
done in terms of research and policymaking there and
in other countries in the Amazon basin to ensure that
the peat there is protected.

PEATLAND ATLAS 2023

47



48

PROGRESS FOR PEATLANDS

Southeast Asia is home to wide areas of
tropical peatlands, but many have been
damaged by drainage and huge peat
and forest fires. But Indonesia and other
countries have been making significant
progress in peatland conservation, with
a big impact on mitigating the climate
crisis and conserving biodiversity.

eatlands cover about 24 million hectares in

Southeast Asia, about 40 percent of the world’s

tropical peatlands. The largest area of peat-
lands is in Indonesia, with about 20 million hectares,
followed by Malaysia, with 2.6 million hectares. Most
have developed on lowland floodplains in areas of
high rainfall. Peat accumulates mainly in swamp for-
ests, forming deposits up to 20 metres thick. It forms
much faster than in temperate regions because of the
year-round growing conditions, but it can also degrade
much more quickly when drained or cleared.

The region’s peatlands are of global importance for
biodiversity conservation. The peat swamp forests are
highly diverse, with more than 1,000 species of higher
plants recorded, including 45 that are unique to this
habitat. Some sites have more than 250 tree species.
The fauna is also very diverse, with 123 mammal spe-
cies, 268 different birds, 75 reptiles, and 219 fish species
recorded. About 45 percent of the mammals and 33 per-
cent of the bird species are on the International Union
for Conservation of Nature’s Red List of Threatened Spe-
cies. The peatlands also provide habitat for many rare

A LONG WAY TO LONG-TERM SUSTAINABILITY

and endangered fish species, with more than 30 new
species described in recent years, many of which are
restricted to single sites.

In addition, the peatlands in Southeast Asia provide
a range of ecosystem services, including water and
food supply, flood control and carbon storage. They
store an estimated 68.5 billion tonnes of carbon, mak-
ing them one of the largest terrestrial carbon stores.
And they are also an important source of timber and of
many non-timber forest products like fish, rattan, hon-
ey and latex. Peatland ecosystems provide significant
benefits to Indigenous peoples and local communities
who live in and around them.

During the past 30 years, the region’s peatlands
have been degrading very rapidly. In Sumatra, Kalim-
antan and Peninsular Malaysia (which account for al-
most two-thirds of the region’s peatlands), the area of
peatland covered by swamp forests fell from 76 percent
in 1990 to just 29 percent in 2015. A mere 6 percent is
classified as pristine. Drainage of peatlands in South-
east Asia is responsible for 15 percent of the global CO,
emissions from land use, land use change and forestry.
Fires in degraded peatlands in the region are estimat-
ed to additionally emit a similar amount on average
and significantly more CO, in drought years, making
drained peatlands one of the largest sources of green-
house gas emission in the region and globally. The
protection and restoration of peatlands has therefore

The community-led five “R”s of the 5R Peatland Management Approach in Southeast Asia

Reduction of Fire Risk | Enforcing fire prevention and control regulations

Raising water levels to reduce subsidence
in cultivated land and restore the natural \
hydrology in conservation areas

Revegetation

& Reestablishing ecological conditions to stimulate
natural regeneration of peat swamp forests and

Uy

planting of fast growing indigenous tree species
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Reporting and Monitoring

Establishing information management systems
/ to store and collate data on water levels, fire,
vegetation, management regime

Revitalisation

Providing sustainable livelihoods for local communities
settled within or adjacent to peatland areas, improving
the economic situation of local communities
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FROM DESTRUCTION TO RESTORATION
Target areas for peatland restoration in Indonesia,
in million hectares
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In 2015 to 2016, peatland fires got out of control:
one of the world’s biggest climate disasters.
Damages are estimated at more than 16 billion

US dollars, with some estimates exceeding 28 billion
US dollars. Over 100,000 people lost their lives

One third of all tropical peatlands
are located in Indonesia, home to
more than 20 million hectares of
peatlands. For years, the areas were
cleared and drained for industrial
plantations, often leading to fires
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become an important component of national strate-
gies for climate mitigation, as well as for biodiversity
conservation and efforts to combat land degradation.
The main causes of degradation have been the large-
scale development of palm oil and forest plantations,
combined with logging, drainage and fires.

Peatland degradation and fires have had massive
social, environmental and economic impacts. The ap-
proximately 6 million hectares of peatlands that have
burned in the last 25 years (particularly during El Ni-
no-related droughts) have produced massive clouds of
smoke, or haze, affecting more than 50 million people.
The 2015 haze caused an estimated 100,000 premature
deaths in the region, and economic losses of between
16 and 28 billion US dollars in Indonesia alone.

The Association of Southeast Asian Nations (ASE-
AN) adopted their Peatland Management Strategy
for the years 2006 to 2020. This has been extended to
2030. It provides a broad framework for the long-term
protection and sustainable use of peatlands and for
the development of national action plans and land-
scape management plans.

O_
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Established in 2016, the Indonesian Peatland
Restoration Agency was mandated to
rehabilitate millions of hectares of peatland

Indonesia, with the region’s largest area of both
peatlands and peat fires, has undertaken major reforms.
It has halted the conversion of peatlands for agriculture
and plantations, and adopted a wide range of new reg-
ulations and policies. It has pioneered an approach to
manage the hydrology of peatlands. All peatlands in the
country must be mapped and divided into conservation
and utilisation zones based on their hydrology, peat
depth and importance for conservation.

More than 50 percent of the peatlands in the coun-
try have been zoned for conservation, although only
15.6 percent of these peatlands are in formally protect-
ed areas. Groundwater management structures have
been installed and improved on nearly 4 million hec-
tares. As a result, peatland fires have significantly de-
clined, degradation and subsidence of production ar-
eas have decreased and good progress has been made
with restoration. ®
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GUARDIANS OF BIODIVERSITY
AND CLIMATE STABILITY

Some of the world’s most important
and most recently recognized peatlands
can be found on the African continent.
They are home to unique and rare

flora and fauna - and threatened by the
oil companies’ greed for money.

eatlands cover nearly 40 million hectares across
Africa. The largest area, in the Congo Basin, stores
around 30 billion tonnes of carbon, while the
Nile Basin — where nearly more than half of all the peat-
lands are now drained - has another 10 billion tonnes.
Africa’s peatlands are renowned for their unique biodi-
versity. The South African palmiet wetlands are dom-
inated by the endemic palmiet, a semi-aquatic shrub
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which provides a home for many rare and valuable
species. The Bale mountains in Ethiopia, dominated
by cushion plants unique to the Afroalpine zone, are
home to more than half the global population of the
Ethiopian wolf, the rarest canid in the world.

In the centre of the continent — in the heart of the
Congo Basin Forest, the second largest tropical forest
after the Amazon - lies the Cuvette Centrale peatland
complex. It is shared by the Democratic Republic of
Congo (DRC) and the Congo. Covering 16.7 million hec-
tares, it is one of the largest contiguous peatland com-
plexes in the world. The Cuvette Centrale is a major
carbon store, a very unique and invaluable ecosystem,
a biodiversity hotspot and a lifeline for local commu-
nities. It accounts for more than a third of the world’s
tropical peatlands and contains more than a quarter of
the carbon stored in such areas. This makes it very es-
sential for mitigating climate crisis.

Most of the peatlands in the Cuvette Centrale occur
near rivers, in large basins between rivers, or under
rare, palm-dominated swamp forests that cover old
river channels. The area boasts an astonishing array of
biodiversity: a rich tapestry of species, many of which
are unique, such as forest elephants, western lowland
gorillas and Allen’s swamp monkeys. The diverse hab-
itats of the peatlands, ranging from open marshes and
swamps to open water channels and forested islands,
contribute to the stability and resilience of the biodi-
versity throughout the region. At 6.5 million hectares,
the Tumba-Ngiri-Maindombe wetlands, the world’s
largest Ramsar wetland site of international impor-
tance, overlap with the Cuvette Centrale.

The vast wetland ecosystem of the Cuvette Centrale
plays a vital role in water regulation, maintaining lo-
cal water sources, regulating floods and droughts, and
supporting agricultural activities. Communities in and
around the peatlands depend on these water resourc-
es. Indigenous communities have lived in the region
for generations and have deep-rooted cultural ties to
the land. They fish, hunt and gather medicinal plants
in the peatlands.

Despite its immense value, the Cuvette Centrale



INHABITED AND UNPROTECTED

Oil concessions and indigenous communities in the Cuvette Centrale peatlands in the Congo Basin, Central Africa

1 presence of indigenous peoples
M oil permits

Cuvette Centrale

The carbon stored in the Cuvette Centrale is twelve
years” worth of Europe’s carbon emissions. 80 percent
of the landscape is covered with concessions for
timber, agriculture, oil and gas. Corportations profit
from the destruction of the region

faces several threats. Expanding agricultural activities,
oil and logging concessions, and infrastructure devel-
opment pose significant risks to this fragile ecosystem.
In November 2021, the government of the Democratic
Republic of Congo signed a 10-year agreement to pro-
tect the Congo Basin forest, including its peatlands. But
just a few months later, it announced its intention to
auction off concessions for 27 oil and 3 gas exploration
blocks. Several of the blocks overlap with the Cuvette
Centrale peatlands. The results of the auction are ex-
pected in March 2024. In the meantime, a civil socie-
ty-led campaign is trying to persuade oil companies
not to bid for the concessions and is pressuring the
government not to proceed with the auction.

Despite the importance of the Cuvette Centrale,
binding national regulations for peatland protection
are not in place. A key factor protecting the peatlands
is current inaccessibility. If the oil auction is successful,
oil companies will enter the deep forest and open up
roads to allow exploration and access. This will also al-
low other forms of exploitation, such as logging, which
will accelerate degradation.

International cooperation, such as the Central Afri-
can Forest Initiative, research projects and partnerships
with local communities are essential to the conserva-
tion of the Cuvette Centrale peatlands. Conservation

Africa contains some of the world’s biggest
peatlands. The emissions resulting from degradation
are around 130 million CO, equivalents per year

Still, the Cuvette Centrale

peatlands are one of the most intact
ecosystems in the world. The reason:
The presence of local communities
who have employed sustainable
land use practices for centuries

fl

Congo Basin
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NGOs fear a total clearcut logging since the
Democratic Republic of the Congo recently announced
plans to lift its moratorium on new logging

efforts should focus on establishing protected areas,
implementing sustainable management practices and
monitoring conservation efforts. Sustainable land-use
practices must be prioritized in partnership with indig-
enous communities, and awareness of the importance
of peatland conservation for biodiversity and climate
stability must immediately be raised. ®

REMINDER FOR CLIMATE ACTION
African countries with the highest greenhouse gas emissions
from peatlands, per year in million tonnes of CO, equivalents
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OF MIRES AND MYTHS

NOT JUST A CRIME SCENE

For thousands of years, peatlands have
served as the backdrop for horror stories.
In gruesome legends and lore, they
swallow people and even whole towns,
are the home of ghosts, the devil, and
many other supernatural spectacles.

f our ancestors had come up with the idea of equip-

ping the world with information boards and warn-

ing signs, the pathways to peatlands would long
ago have been decorated with signs saying things like
“Warning: Entrance to Hell” or “Caution: Beware of the
ghosts”. Many a solitary wanderer who ventured into
a peatland was never seen again. What could possibly
be to blame, if not the evil beings that lurked in these
inhospitable places? The legends of such dangerous
outings through the peatlands at night were crystal-
lized into a well-known poem by the German author
Annette von Droste-Hulshoff, whose “Boy on the Moor”
is haunted by all the eerie noises and figures that local
legends can offer: unholy spinners, a cursed woman,
and ghostly gravediggers. All are damned souls from
whom only the innocent can, with luck, escape.

There even exist legends of peatlands that have en-
gulfed entire villages and towns. Some of these con-

SWAMPY CHAMBER OF HORRORS

tain a historical kernel of truth, as with a village in
the Red Moor of the Rhén, a range of hills in central
Germany, that was in fact destroyed in the Thirty Years
War. In another legend, a village was overtaken by di-
vine punishment. It sank into the waters because of
the sinful lives of its inhabitants. According to sayings,
spooky voices can be heard at night, and on particu-
larly holy days, the town rises so high that in the hours
before midnight, its church spires can be seen emerg-
ing above the surface.

In Ireland, people still talk about the puca, or pooka:
a mythical being that wanders through the bogs and
can take on different forms — a black horse, a rabbit, or
a human. The puca is always up to something. The Irish
historian P.W. Joyce describes its deceitful nature “as
a contradictory mix of merriment and malignity”. The
Okavango Delta in Botswana is guarded by a mythical,
dragon-like snake called Mukisi. This Mukisi is a type
of demon that protects the whole river system from
overuse. If one were to kill the Mukisi, everything else
would die along with it. Such guards have a monumen-
tal task: they try to protect remote, scarcely touched

Myths about peatlands have
always grown in people’s minds
like bulrushes in peat

Peatland in literature, travelogues and as cemetery

“You never tire of the
moor. You cannot
think the wonderful
secrets which it contains”,

Bog bodies have posed mysteries for centuries. In

Germany, the last body mummified in a peatland was found

in 2005. The first assumption was that it was a crew

member of an Allied aircraft from the Second World

War. Investigations showed that the corpse was —
much older: The “girl from the Uchter Moor” lived

2,650 years ago. There are no indications of

violence; it remains a mystery whether the girl fell

into the peatland or was buried there
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says Mr. Stapleton in the famous
1902 novel “The Hound of the
Baskervilles.” His secret is

tracked down by Sherlock
Holmes: Stapleton [
wants to kil his ARK
heart troubled N
uncle with a snarling
dog. He fails - and
at the end of the
book sinks into

the peatland himself

The German travel writer Johann Georg Kohl wrote about the
famous peatland area in Wallhdfen in northern Germany:

“Although we were in the middle of the most beautiful season, everything
on this moor plateau was dead and barren, as if in the depths of winter.
We could imagine it to be a huge, rotten tree trunk stretched out on "
the ground, on whose dead bark we crunched like little beetles.” Kohl ?%\
wrote this 160 years ago - and to this day, word has not yet fully
spread about the fascinating plants, animals and
ecosystem service the peatland offers to people

ﬁ/
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GROWTH OF ONE MILLIMETER PER YEAR
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water
[ water impermeable soil layers

digested sludge
|1 fen peat/carex peat

quarry peat

M bog peat

5,000 years ago

environments that are threatened on all sides, for ex-
ample by forest fires, droughts, habitat destruction, in-
dustrial development, excessive hunting and charcoal
production, as well as by the wounds left to following
generations by colonialism, war and the displacement
of Indigenous peoples.

Will-o’-the-wisps have a firm place in the mytholo-
gy of peatlands. Eyewitnesses describe them as bright
flames, sometimes as jumping blue flames, or perhaps
as similar to candlelight. This variability may have con-
tributed to the different roles they play in the world of
legends: sometimes as the souls of the deceased who
must wander the Earth for all eternity because of their
evil deeds, or as the souls of the victims of murder, who
cannot find their rest. Or as goblinlike creatures who
either guide travellers on their way through the peat-
land, or lead them to their ruin, or simply play tricks
on them. Today we explain the phenomenon of will-o’-
the-wisps as gases produced by the rotting of organic
material that spontaneously ignite when they escape
from the ground.

Peatlands were long regarded as areas that do not
belong to this world. They are a kind of intermediate
realm, neither water nor land. They symbolize the
manifold functions of water, which stands for life, re-
newal and cleansing, but also for death and destruc-
tion. Peat water was allocated powers of healing and
fertility, and today people still enjoy the effects of moor
bathing - immersing themselves in a mix of peat and
water from the peatland. But on the other hand, peat-
lands were places for punishment, where sacrilegious
deeds or ways of life were to be atoned for. This hap-
pened not just in legends, but also in fact. The evidence
for this takes the form of the so-called bog bodies. For

3,700 years ago
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In Europe, peatlands are relicts of the
last Ice Age. They formed in locations with
excess water from melting glaciers

hundreds of years, peat cutters have repeatedly found
corpses whose well-preserved status made people of
the time uneasy. We now know that the lack of oxygen
and the highly acidic environment slows down the pro-
cess of decomposition. But it is still not completely clear
how such bog bodies came about. Some show signs of
“overkill” — multiple possible causes of death — such as
Lindow Man from England, who had axe blows to the
skull, knife wounds in the chest and signs of strangula-
tion. One theory is that criminals were executed in the
peatland; another is that human sacrifices were made
there. There are also bodies that were buried after a
natural death. It is thought that the peatland was used
for emergency burials, as the last resting place for peo-
ple who were excluded from society.

“Death for the first, misery for the second, bread
for the third” goes a German saying that summarizes
the experiences of three generations to transform the
Teufelsmoor, large peatlands near Bremen in northern
Germany to wrest cultivable fields from it, or to cut
peat — once an important fuel like lignite. One might
add a fourth phrase to the saying: “Pictures for the
fourth.” At the end of the 19" century, numerous artists
settled in northern Germany. They founded a famous
artists’ colony in the village of Worpswede, on the edge
of the Teufelsmoor. Through their paintings of the bar-
ren landscape and the life of poor farmers in the area,
they developed their own visual language, a modern,
realistic and nonetheless legendary image of the peat-
lands. ®
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A FEASIBLE OPPORTUNITY -
WITHOUT ALTERNATIVE

Rewetting drained peatlands will be

a major challenge for societies all over
the globe. Achieving success will take
innovativeness, political initiative and
a paradigm shift in the global economy.

or much of Western history, draining peatlands

was regarded as a cultural and technical achieve-

ment. In many regions, removing water from the
land was a first, vital step in the economic development
of an area. But the ecological crises of our times now
force us to start over again, as peatlands fulfil many im-
portant functions for both humanity and the environ-
ment. The cultural and technical achievements of the
present and future will be to develop and establish new
ways to coinhabit these wet landscapes.

Paludiculture, wetland restoration and solar farms
are among the many promising ways of replacing pre-
vious land uses for fens and bogs. Such transformation
is necessary to mitigate the climate crisis, it will help to
preserve biodiversity and to enhance flood protection.
In technical terms, rewetting is fairly easy: ditches must
be blocked, pumps converted, and drainage stopped.
But managing the social, cultural and especially the
economic shifts are much more complex. To transform
non-sustainable social habits of using peatlands, simul-

THEORY WITHOUT PRACTICE
Area of peatland that a country like Germany
have to rewet annually, in hectares

i B
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taneous changes are needed at various levels. For exam-
ple, the legal framework has to be adjusted to remove
the financial incentives for draining wetlands.

Stricter regulations of supply chains are needed,
along with stronger controls, especially for large com-
panies. Local authorities and organisations responsi-
ble for managing soil and water face the major task of
adapting the infrastructure and ownership situations
to the necessary water levels. Agricultural and forestry
enterprises require new forms of management to com-
pletely upend their current approaches. Experts point
out that if they are to succeed in making this huge ad-
justment, farming and forestry enterprises and small-
holders will need public financial support, which must
ensure planning security and promote new markets for
the products from wet peatlands.

Every peatland has different prerequisites, in hy-
drological terms as well as in political terms. There
can therefore be no general template for rewetting:
each peatland will require a specific solution for the
rewetting, and for the land use and coinhabiting after-
wards. Decisions on shaping the transformation pro-
cess should be made at the regional level — preferably
in a joint effort by local and regional authorities, farm
enterprises, soil and water associations, nature conser-
vation bodies, Indigenous peoples and local residents,
environmental groups, the companies involved, and
spatial planners. These actors can all bring knowledge
for the future management of the peatlands based on
experience in their field. Policymakers have the respon-
sibility of establishing participatory mechanisms to
combine this knowledge and interlink different levels
from local to higher levels of government and the in-
ternational community.

At the European Union level, the Common Agri-
cultural Policy (CAP) is an important mechanism for
managing how peatlands are used. This stipulates that
areas used for paludiculture are eligible for financial
support. But these efforts conflict with other parts of
the CAP that continue to support types of farming that
rely on drainage. In the European Union alone, half a
million hectares of peatland have to be rewetted every



REWETTING FOR FUTURE

Possible transformation path for peatlands to achieve carbon neutrality by 2050,

using Germany as an example, by current type of use

year to meet the Paris Agreement. With above-average
emissions, the EU is still one of the main contributors to
the climate crisis and holds historical responsibility for
the current global inequalities.

Carbon credits might be a possible incentive for re-
wetting land to conserve peat voluntarily. Incentives
and freedom of action are also needed for companies
and cooperatives that work on paludiculture. To suc-
cessfully transform the peatlands, it is necessary to take
serious people’s worries about the loss of a familiar en-
vironment with which they identify, as in some parts
of the world peatlands have been drained for decades.
Regional cooperation can link different issues — from
agriculture to product development and marketing, to
tourism and nature conservation. All this will require
a strong willingness for political, social and ecological
innovation.

This peatland transformation — as every other so-
cio-ecological transformation - can only be successful
if the omnipresent drivers of the destructive neo-co-
lonialist economy are overcome. It is a chance to
strengthen social and political processes that declare
cooperation instead of competition to be the principle
of action. This processes target the preservation of nat-
ural resources and are not based on exploitation of na-
ture and people.

Ideas of responsible land use, equal distribution of
resources and consumption within ecosystem bound-
aries are not limited to peatland utilization. Current

England's peatlands are the country's largest
carbon store in the country. Property rights hinder
necessary measures for protection and rewetting

In accordance with
the Paris Climate
Agreement, the

EU aims to be
climate-neutral by
2050. For Germany,
for example, this
means: 1.8 million
hectares of peatlands
- once drained

for agriculture,
forestry, etc. - must
be rewetted step
by step
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Studies show without doubt: If rewetting
of peatlands is delayed, it will be
impossible to achieve the 1.5-degree target

negotiations of land use claims follow a competitive
mindset. We are in urgent need of abandoning one-di-
mensional utilitarian way of thinking in favour of more
complex thinking that understands and respects peat-
lands as more than mere usable landscapes, instead
promotes the protection of these essential habitats for
the benefit of all living beings. Only with both, ecolog-
ical resilience and a just social foundation, the global
society can confront the climate crisis. ®

PEATLANDS AND PROPERTY

Who owns peatlands, using the example England
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y

60 % belong to ...

If drainage continues,
English peatlands release

up to 2.14 billion tons of CO,.
Few people can decide
about this. Likewise with
forests, the second most
important carbon store - in
England one third belongs
to less than 1,000 people.

... 124 people
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wide with over 70 peatland experts from various disciplines.
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Wet peatlands are habitat for specialized animal and plant species.
They store more carbon than any other terrestrial ecosystem.

Drained peatlands emit greenhouse gases.
This exacerbates the climate crisis.

Tropical peatlands host significant biodiversity.
They are under threat from politics and corporations.

Climate targets require area-wide rewetting of peatlands.
Paludiculture enables their sustainable use.
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Foreword

The world's leading peatland experts have come to a collective conclusion - comprehensive peatland mapping and
monitoring are urgently needed. Peatlands have a great potential to influence global greenhouse gas emissions,
and in this decade we need to take urgent and innovative actions to limit global warming to a maximum of 2 °C.
In most cases worldwide, peatlands have been drained and degraded due to the lack of knowledge about their
location, extent, benefits and potential for climate change mitigation and risk reduction. Current estimates suggest
11-15 percent of peatlands on Earth have been drained, and another 5-10 percent are degraded due to other changes
such as removal or alteration of vegetation. These degrading peatlands consequently emit huge amounts of
greenhouse gases that persist for years if not decades.

The scientific basis for mapping and monitoring peatlands has developed rapidly in recent years. Countries must
take advantage of and consider adopting practical and innovative approaches and tools for peatland mapping and
monitoring into national monitoring and reporting frameworks. Mapping and monitoring can be used to inform
climate and biodiversity policies and commitments, as well as to continuously adapt peatland restoration efforts.

Peatland mapping and monitoring are both highly complex endeavours, but are key to understanding the real extent
and location of these huge carbon stores and quide the course of action for ecosystem conservation and restoration
during this decade and beyond. It is part of FAO's mandate to support developing countries with advancing the
sustainable management of peatland landscapes, and develop national capacity for peatland mapping and
monitoring, as well as to foster knowledge sharing and data generation. FAQ's peatland network consists of dozens
of experts and organizations with the shared mandate to jointly find solutions to conserve the carbon in the soil
while fostering sustainable livelihoods and development. We recognize the important advances already made in the
subject in temperate and boreal regions and stress the need for continuing monitoring of peatland status in tropical
as well as in temperate and boreal regions.

"Peatlands mapping and monitoring: Recommendations and technical overview" is the result of 35 contributors from
14 countries and different organizations working together to provide examples, tools, methodologies and solutions
to peatland mapping and monitoring challenges, especially in developing countries. These recommendations are an
important step forward in quiding the world on the best ways to integrate peatlands into land monitoring systems
to further facilitate the conservation and restoration of these unique ecosystems. | encourage you to take full
advantage of the information included in this publication.

Mette Wilkie

Director
Forestry Policy and Resources Division,
Food and Agriculture Organization of the United Nations







Executive summary

Mapping peatlands is the basis for successful monitoring systems. Worldwide, innovative mapping approaches
have facilitated the inclusion of peatland areas into sustainable land use management plans and conservation
strategies. Monitoring changes in peatland ecosystems, be they natural, degraded, or in the process of restoration, is
instrumental in maintaining peatland's water, species richness and carbon. Robust mapping processes offer a solid
baseline for monitoring and help establish management objectives for specific peatland areas.

This report presents the peatland mapping methodologies commonly used - based on ground and remotely
sensed input data. It also offers an overview of advantages and limitations of different monitoring approaches as
a practical quide to facilitate decision-making and cater for country-specific requirements, in order to ensure that
emissions and emission reductions are measurable, reportable and verifiable. It also provides information on other
benefits from peatland conservation, restoration, rehabilitation and sustainable management. Country case studies
present examples of current needs and recent achievements, in both mapping and monitoring. Suggestions for an
architecture of peatland monitoring and how it could be organized within a country's institutions are also provided.

Global conventions and national policy frameworks recognize the importance of peatlands for protecting habitats
and biodiversity, as large and vulnerable carbon stocks, and (when degraded) as globally important sources of
greenhouse gas emissions. Countries should consider mapping, monitoring and reporting peatlands for national
and international processes including general land use planning, nationally determined contributions to the Paris
Climate Agreement, national adaptation plans, nationally appropriate mitigation actions, as well as fire risk reduction
and other disaster risk reduction strategies. The national policy frameworks contribute to the achievement of
international commitments, as well as helping to ensure better conditions for communities.

Countries, practitioners, researchers and technical agencies can use this report to identify mapping and monitoring
needs, and define suitable approaches and tools to ultimately reflect peatlands into national land use monitoring
systems, such as national forest monitoring systems. Soil carbon and emissions from soils have long been
underestimated, and existing systems may also need to be adapted to fully integrate peatland considerations.

Keywords: greenhouse gas; peatlands; organic soils; monitoring;
reporting; climate change; wetland; IPCC; remote sensing;
Earth observation; data; water; plant; peat; UNFCCC; emission reduction




Peatland mapping
and monitoring at a glance

Peatland mapping and monitoring require collection and measurement of different data types depending
on the status of the peatland area. In pristine peatlands (Figure 1) information on natural characteristics is
needed to monitor future changes, including potential climate change impacts that may lead to increased
emissions and disaster risks.

If drainage is undertaken (Figure 2), peatlands generally become sources of greenhouse gas emissions, and
additional parameters must be monitored to support corrective action and avoid continued degradation,
and to contribute information to report for various conventions. Peatland restoration monitoring (Figure 3)
can inform the design, strategy, selection of site and management approaches, and improve restoration
efforts through technical adjustments.

© FAO / Maria Nuutinen




Data needed for peatland monitoring — Case 1: Pristine peatlands — no ongoing drainage

Carbon sequestration g Location and

local climate

Fire risk factors Area

Biodiversity
Water quality of
surrounding water bodies

Peatland vegetation forming new peat

Socio-economic factors .
Drainage-free land uses

Surface level Soil moisture

Fertility for temperate
and boreal regions

Peat depth for
carbon storage

Ground water level

IX




Data needed for peatland monitoring — Case 2: Drained peatland with canals
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Chapter 1

Introduction:
why map and

monitor peatlands?

Peatlands, also called “organic soils”, “bogs”, “fens"”, “swamps” and “mires", are the

world's most carbon-dense terrestrial ecosystems. Peatlands are formed from partially
decomposed plant remains that have accumulated over thousands of years under conditions
of waterlogging. Peat soils hold an estimated 650 billion tonnes (Gt = Pg) of carbon on

only 3 percent of the Earth’s land surface - a carbon store that is equal in magnitude to

the amount of carbon in the Earth's vegetation, and more than half of the carbon in the
atmosphere (Yu et al., 2010; Page et al., 2011; Dargie et al., 2017). Peatlands thus play a critical
role in the global carbon cycle and in climate requlation. However, peatlands also deliver
arange of other benefits for humanity, including water requlation, flood control, food, and
cultural and livelihood opportunities. They support a diversity of habitats and unique and rare
plant and animal species. The layers of accumulated peat contain an archive of information on
changes in climate, vegetation and human activity since the last Ice Age.

Peatlands are, however, highly vulnerable. Undisturbed peatlands are characterized by
water levels that are close to the surface throughout the year. Near-constant waterlogging
and the consequent lack of oxygen slows down decomposition by micro-organisms and, as
a result, the organic material (peat) accumulates slowly over time. In northern peatlands,
the accumulation of 1 m of peat may take over a thousand years, but as some peatlands
have been accumulating over several millennia, they have reached depths of 5 m or

more (Yu et al., 2010). In the tropics, higher plant productivity has resulted in even deeper
deposits - exceeding 15 m in some locations (Page et al., 2011).

When the water table in a peatland is drawn down, for example to permit agriculture or
forestry, oxygen enters the upper peat column. This facilitates microbial degradation
(oxidation) of the peat and a rapid loss of stored carbon to the atmosphere, mainly in the
form of the greenhouse gas (GHG) carbon dioxide (CO,). Undamaged peatlands are usually net
accumulators of carbon - i.e. more carbon is taken up via photosynthesis and carbon capture
by the vegetation and peat than is lost from decomposition and subsequent release into the
atmosphere. The capacity of intact peatlands to sequester carbon from the atmosphere and
to store it over a long term is key to their role in climate change mitigation.

In drained peatlands, however, this role is reversed, with decomposition rates many orders
of magnitude greater than in the absence of oxygen. Ongoing anthropogenic disturbance
can therefore convert peatlands from slow carbon sinks and long-term stores to fast
carbon sources, as carbon stored over millennia is released back into the atmosphere
within a matter of decades. Understanding the location and scale of these disturbances

is vital in supporting efforts to rehabilitate and restore peatland functions, including

their role in climate change mitigation.




The most widespread drainage-based uses of peatlands today are for agriculture and forestry
and, to a lesser degree, for peat extraction. Although enormous extents of peatlands in North
America and the Russian Federation are still intact, around 20-25 percent of the world's
peatlands have been moderately or significantly degraded through disturbances to their
hydrology and vegetation, especially in Europe, Central and Southeast Asia, East Africa,
southernmost America and the Amazon. Globally, the most widespread uses of peatland today
are for forestry and agriculture, amounting to an estimated total area in excess of 1 million km?
(Joosten and Clarke, 2002) and possibly exceeding this area if peatland used as pasture for
extensive livestock grazing is also included (FAO, 2014). (See also: Leifeld, J., et al. 2019.) Some
of the most rapid and extensive land use changes have taken place recently in Southeast Asia
as a result of land conversion to large-scale plantations or smaller-scale agriculture. Around
the world, peatland drainage and associated peat fires are estimated to be responsible for




approximately 5 percent of anthropogenic CO, emissions (IPCC, 2014b).
Next to the globally significant emissions, important local and regional
impacts of peatland drainage include increased risk of peat fires and
haze, which cause severe impacts on human health - for example, the
peatland fires in Southeast Asia and the boreal zone during 2019 - and
of flooding (due to land subsidence caused by peat compaction and
oxidation).

At global and national levels, peatlands receive growing recognition
and are integral to a number of national and international conventions
and policies aimed at protecting habitats, biodiversity and carbon
stocks, and reducing GHG emissions.

The most relevant conventions are:

¢ The United Nations Framework Convention on
Climate Change (UNFCCC) includes peatlands (organic
soils) in its Kyoto Protocol, the Paris Climate Agreement,
and national GHG reporting and accounting. The
Intergovernmental Panel on Climate Change (IPCC) gives
technical recommendations to the UNFCCC, and has
produced guidance on reporting on GHG emissions from
drained, rewetted and burning organic soils. Reporting
has to follow the principle of transparency with respect to
measurement, reporting and verification (MRV).

¢ The Convention on Biological Diversity (CBD) requires
in its Aichi Targets the conservation and restoration
of peatlands, highlighting their role in mitigating and
adapting to climate change, as well as supporting rare
and threatened wildlife.

* The Ramsar Convention on Wetlands has passed
several resolutions and recommendations on peatland
conservation, wise use and climate change.

* The United Nations Convention to Combat
Desertification (UNCCD) acknowledges peatlands as an
important component of land use planning and integral
to the climate change agenda, because of their carbon
storage and the opportunity their restoration offers for
reducing GHG emissions (UNCCD, 2015) and achieving part
of the land degradation neutrality (LDN) target.

A growing number of international agencies and initiatives also
underline and support improving management, including the
conservation and restoration of peatlands:

¢ The United Nations Environment Programme, leading
the global environment agenda, and the Food and
Agriculture Organization of the United Nations (FAQ)
have recently been asked to lead the implementation of
the 2021-2030 UN Decade on Ecosystem Restoration as

a measure to fight the climate crisis and enhance food
security, water supply and biodiversity. The Decade covers
all ecosystems, but focuses on terrestrial, freshwater
(including peatlands) and mangrove systems (UN, 2019a).

e FAO is a technical agency of the United Nations
supporting countries to improve the sustainability of
cropland, livestock, forestry, fisheries and aquaculture
management, including support to reduce GHG emissions
and avoid losses of other ecosystem services caused by
unsustainable peatlands management. FAQ provides tools
and guidance for peatland monitoring and development of
sustainable livelihood sources from peatland landscapes.

* The International Union for Conservation of Nature
(IUCN) passed a resolution, “Securing the future for
global peatlands”, at the 2016 World Conservation
Congress, calling for action to protect, restore and
sustainably manage peatlands (IUCN, 2016).

* The Bonn Challenge is a global effort to bring
150 million ha of degraded and deforested land into
restoration. By 2020 and 350 million ha by 2030. The
initiative, launched by an international coalition in 201,
also encourages the restoration of peatlands.

¢ Within Europe, the EU Habitats Directive includes
peatland ecosystems as priorities for conservation
and restoration, while the European Climate Change
Programme requires most peatlands and organic
soils in Member States to be accounted for by 2020.

© UNFCCC has particularly important implications for peatlands because
countries have to account for GHG emissions associated with peatland
: use, such as from forestry, agriculture and extraction, in their national
: inventory submissions under the Kyoto Protocol.

Building on these international agreements and policy initiatives,
:various countries have taken steps to conserve and protect their

: peatlands, and restore degraded sites. Successful results depend on

© robust and user-friendly assessment and monitoring methodologies

© toidentify and better understand the changes and impact of activities
©in both pristine and particularly valuable peatlands, as well as in

© degraded sites. Effective peatland mapping and monitoring would

© enable users to:

* |ocate peat deposits to more accurately assess
peatland area and carbon stock, including remote
and inaccessible sites;

* obtain information on the peatland condition
(i.e. intact or degraded, and the extent, type and
likely causes of degradation), in order to identify
areas at risk of degradation or in need of restoration;



o formulate appropriate action plans, including law
enforcement, rehabilitation or restoration; and

* monitor the success of management interventions and
allow corrective action if targets are not being met.

Mapping of peatland occurrence is a prerequisite for monitoring
peatland change. Maps of peat location, extent and condition are
required to monitor potential conflicting land use activities (such as
agriculture or forestry, infrastructure development or extraction).
The location of drainage canals or ditches, logging tracks and roads is
required in order to identify current and incipient threats. Moreover,
historical examples of fire occurrence are also useful indicators for
anticipating additional threats and emissions.

Peatland monitoring methods will differ, depending for example on the
extent of the peatland, the nature of any human disturbances, planned
restoration interventions, required resolution, objectives, accessibility,
available resources, and target environmental parameters. The ideal
approach would ensure that emissions and emission reductions are
measurable, reportable and verifiable, while also providing information
on the delivery of other peatland ecosystem services in order to fulfil
the reporting requirements to other conventions and the overlying
United Nations Sustainable Development Goals (SDGs, see Chapter 5).
Ideally, peatland monitoring will form part of national land monitoring
and reporting system(s) and build on them.

Sound methodologies are needed in the collection and collation of

key indices that allow the assessment, through widely recognized
proxies, of peatland hydrological function and carbon loss. This will
require robust, accessible supporting assessments and monitoring
methodologies, for the identification of both pristine and particularly
valuable peatlands and of degraded sites, which should be targeted for
management interventions. The value of peatlands can be defined as
water provision and storage, flood control, carbon storage, biodiversity
and other ecosystem services.

Especially at the early stages of mapping, remote-sensing

approaches need to be combined with on-site measurements

of, for example, GHG emissions, peat subsidence, ground water

level (GWL), soil moisture, vegetation cover and diversity, in order

to calibrate and validate the remote-sensing results. On-site
measurements - or “ground-truthing” - of remote-sensing approaches
offer opportunities as well as technical challenges. The main challenge
is to obtain on-site high-quality measurements across satisfactory
temporal and spatial scales (encompassing different site conditions,
diurnal, seasonal and annual variability), which may require
substantial financial and technical resources.

The case studies show that some countries have already applied
various peatland mapping and monitoring approaches, although these
are rarely sufficiently comprehensive. Others have developed some
elements but need technical support and capacity-building to set up
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and integrate peatlands into national systems. Effective peatland
mapping and monitoring will probably combine contemporary
remote-sensing techniques with the necessary ground-truthing

and field measurements. For example, established remote-sensing
technigues can be used to assess land cover, land use and vegetation
condition at landscape scale, whereas newer developments may allow
the monitoring of GWL and soil moisture (a proxy measure for water
level and GHG emissions) as well as peatland subsidence (a proxy for
water level and carbon loss).
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Peatland mapping

by Ronald Vernimmen, Aljosja Hooijer,
Hans Joosten, Uwe Ballhorn, Maria Nuutinen
and Hesti Tata

Mapping of peatlands has been addressed with many different
methodologies, and detailed guidelines are available for a variety

of locations (e.g. Barthelmes, Ballhorn and Couwenberg, 2015;
Bourgeau-Chavez et al., 2018; Gumbricht et al., 2017) Peatlands are
formed in different climatic zones, and thus hold several vegetation
types and occur in different ecosystem settings. In tropical climates,
for example, they might occur in mangroves and peat swamp forests,
while in subtropical and warm temperate climates most have reed
or sedge vegetation, and in boreal, cool temperate, subarctic and
arctic regions most are dominated by mosses (Gumbricht, 2012;
Prager, Barthelmes and Joosten, 2006). Consequently, approaches
to mapping need to vary depending on ecologic and landscape
features, and the availability of information to define the occurrence
of peatlands and peat soils. A combination of various ecologic and
landscape variables - as well as expert analyses - is used to identify
probable peatlands, and produce detailed peatland maps.

Prior to defining monitoring needs, baseline maps are required to
identify the peat location and the historic and current land cover

and land use characteristics. It is recommended to incorporate

an internationally recognized definition of peatland for mapping

(see e.g. Box 1, Box 2, and the Chapter 8. Recommendations). Knowing
the location of drainage canals or ditches, logging tracks, roads, and
preferably local livelihood sources (e.g. hunting, fishing, gathering
non-timber products, irrigation with water extracted from peatlands,
peat extraction) helps to identify current and future threats and
processes affecting and/or protecting peatlands. Historical fire
occurrence is also a useful indicator for further threats given that
once-burnt areas burn more easily again. Maps of legal status and
concession extents, together with potential spatial and other land use
plans, are recommended to be integrated into the maps to identify and
avoid potential issues and future threats.

This chapter presents the main components for peatland mapping and
delineation, which correspond to the essential monitoring parameters
discussed in the following chapters. Also, the data sources listed

here - focused on remote-sensing techniques - are intended to build

: upon the field and secondary data already available in different

: countries, and the data sources usually considered in peatland

: mapping exercises. Bearing in mind the key features for peatland

: delineation and mapping, countries are encouraged to design their

© mapping methodologies and adapt them to their specific needs, goals,
information availability and landscape features. Mapping activities are
necessary to integrate peatlands into productive and conservation
planning.

BACKGROUND

Key features of peatland delineation

Comprehensive field-based information on the extent of peatlands
;s often lacking, particularly in the case of inaccessible tropical

: peatlands. In such cases, the combined use of remote sensing and

- field measurements may provide comprehensive peatland distribution
maps with reasonable accuracy and quantifiable uncertainties.

: Lawson et al. (2014) identified four features, detectable with the help
of remote sensing, which distinguish pristine peatlands (especially
tropical peatlands) from surrounding non-peat ecosystems:

* |ow vegetation species richness;
e distinctive vegetation structure;
e distinctive topography; and

¢ high water tables.

: Pristine peatlands often have a lower vegetation diversity compared
: with surrounding ecosystems. For example, within the peatlands of

: South and Central America, some parts of Africa, and on the island

© of New Guinea, palms are often more dominant than in upland
forests, and even sometimes occur as mono-dominant stands.

© However, in some peatland forests vegetation diversity can also be
high (Brady, 1997; Rieley and Page, 2005). As low vegetation species
richness cannot be directly detected with remote-sensing systems,
distinctive vegetation structure acts as proxy.




The vegetation structure of pristine peatlands is very often (but not
always) distinct from that of surrounding vegetation. For example,
tropical low-pole peat swamp forests are characterized by more open
canopies, low canopy height with thin stems, and high stem density,
or no trees at all (Anderson, 1983; Ballhorn, Jubanski and Siegert, 2011;
Jaenicke et al., 2008; Lawson et al., 2014; Page et al., 1999; Phillips,
Rouse and Bustin, 1997).

Most peatlands occupy a specific topographic or geological setting,
such as coastal peatlands in Southeast Asia, subsiding basins,
dendritic drainage river networks (many contributing streams),
etc. Furthermore, many peatlands, such as Indonesia's tropical
peatlands, are dome-shaped and can be detected by elevation

data (e.g. Ballhorn, Jubanski and Siegert, 2011; Jaenicke et al., 2008;
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Water tables in undrained peatlands lie close to or above the surface
throughout the year but can be also subject to natural fluctuation of
several decimetres depending on the season - wet or dry.

Low vegetation species richness, distinctive vegetation structure,

and topography can directly be detected through remote sensing.
Whereas any of these features alone would not be sufficient to
definitely detect peatlands, a combination of two or more often leads
to much clearer results (Draper et al., 2014). As all key features related
to vegetation and high water tables are immediately altered through
vegetation clearance and drainage, it is crucial to assess historical
remote-sensing data. Finally, all approaches based on remote

sensing need a satisfactory set of field data - such as soil sampling -
to validate the mapping results.

Lahteenoja et al., 2009; Phillips, Rouse and Bustin, 1997).

m How much soil organic carbon defines peat?

The proportion of organic matter that a soil layer must hold to be called “peat’, varies greatly among countries and
disciplines. Insoil science, peat soils are included in “organic soils’, which are distinguished from “mineral soils” based on the
dry weight percentage of organic carbon (gram of carbon per gram of soil x 100). The vertical solid line in Figure 4 denotes
18 percent carbon content by weight, which is the threshold above which soil is called “organic”. This boundary varies
between 12 and 18 percent depending on the proportion of clay in the soil. However, this boundary is not very appropriate
from the climate point of view, because the percentage reveals little about the volumetric carbon content (g/cm?), i.e. the
amount of soil carbon that upon drainage is exposed to oxygen and that can thus be emitted as CO..

Pure peat has a high percentage of carbon by weight (approx. 57 percent), but a low volumetric carbon content
(Warren et al. 2012; RoBkopf et al. 2015). In comparison, mineral soil weighs much more and with three percent of carbon
by weight can have just as much carbon per volume (Figure 4, based on Ruehlmann & Kdrschens 2009). After drainage,
both soils emit the same amount of CO,. The traditional definition of a peat soil based on 18 percent carbon content by
weight or higher is thus problematic as many soils with lower carbon content - but equal or higher emission potential -
can be overlooked by such standard country definitions.

Volumetric carbon content vs carbon by dry weight in soils in percentages
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Greenhouse gas emissions from peatland drainage and fires

Ina pristine peatland, a high water table maintains the anoxic conditions of the peat and the peatland is a net CO, sink (Figure 5).
When a peatland is drained and water is no longer present in the soil pores, oxygen enters and oxidizes the peat through
biological and chemical processes. Drainage also increases the risk of fire. As a result of biological oxidation carbon is lost
to the atmosphere, mainly as CO, (Figure 6), and as a result of peat fires, a combination of various gases including CO,, CO
and methane (CH,) is emitted. Climate and temperature, as well as GWL, have a clear influence on the rate of peatland CO,
emissions. Both drainage and fire also cause enhanced discharge of carbon as dissolved organic carbon (DOC) and particulate
organic carbon (POC) into downstream aquatic ecosystems. Due to losses of organic matter, the peatland surface subsides, and
this subsidence can be measured and used as an indicator of carbon losses. CH, emissions are also generated in ditches and
canals, where plant materials and peat detritus flushed from the land accumulate and decompose under anaerobic conditions.

Carbon dynamic in an undrained peatland

Atmosphere

Source: Renou-Wilson et al.,, 2011
Carbon dynamic in a drained peatland

Atmosphere

o

Oxic peat
Water table — —

- Anoxic peat

Source: Renou-Wilson et al,, 2011

Non-carbon GHG emissions, mainly nitrous oxide (N,0) from drained peatlands are a consequence of the mineralization of
nitrogen compounds during peat decomposition and are further enhanced by applications of mineral and organic nitrogen
fertilizers. Nitrous oxide is an important GHG as it has a global warming potential of 310 times higher than that of CO, over a
100-year time horizon (FAO, 2014).




Remote sensing mapping and data sources

In addition to the secondary and field data used in previously
developed mapping methodologies, remote sensors have been widely
used for peatland identification. Main types are high-resolution optical
sensors and radar satellite systems, which differ in the way they
function and offer information.

High-resolution optical sensors

Optical remote sensing makes use of visible, near-infrared and
short-wave infrared sensors to form images of the Earth's surface by
detecting the solar radiation reflected from targets on the ground.
Freely available optical imagery from high-resolution satellite sensors
(with resolution of 10-30 m; e.g. Landsat, Sentinel-2, etc.) has been
primarily used to map peatlands (e.g. Ldhteenoja and Page, 2011;
Langner, Miettinen and Siegert, 2007; Miettinen and Liew, 2010;

Phua et al., 2007; Wahyunto, Heryanto and Widiastuti, 2006;
Wahyunto, Ritung and Subagjo, 2003, 2004; Wijedasa et al., 2012).

The new generation of very high resolution (VHR) multispectral
imagery (with resolution of <10 m; e.g. SkySat [Planet: 0.72 m],

Doves [Planet: 3 m], WorldView [2 m], IKONOS [4 m], RapidEye [5 m]),
and others might considerably enhance future peatland delineation.
However, as these are commercial operations, they come at a price
and may not be accessible to developing countries.
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. Optical sensors are limited by weather conditions and rely upon solar
illumination or thermal radiation. To compensate for frequent cloud
© cover, especially in the tropics, satellite imagery with high temporal

resolution should be used (e.g. Sentinel-2).

Radar satellite systems
Radar remote sensing from space has developed greatly over recent

decades, in parallel with the development of radar sensors, but also
with developments in space technology, computing capacity, image

processing techniques and physical understanding of the interaction

of radar waves with the terrain. Radar-based satellites are not affected

by weather conditions and can penetrate clouds and, to some degree,

© vegetation.

In 1978, NASA launched SEASAT, equipped with the first space-borne

synthetic aperture radar (SAR). This radar satellite used the so-called

L-band wavelength of + 25 cm. Radar wavelengths are much larger

than wavelengths used for optical systems and have the capability to

penetrate clouds, mist and rain. Moreover, radar is an active system,

which means it has its own source of illumination and is independent
of solar illumination, allowing imaging radar to observe 24 hours per
:day, each day of the year.

Besides L-band radar, other radar systems with shorter wavelengths

exist, such as C-band and X-band radar (Table 1).

Remote sensing tools and their characteristics, useful for peatland mapping

. . . Orbital
Satellites / Period of Wave-length er Spatial
sensors LT operation I (cm) L resolution (m) repeat
(days)
ALOS / PALSAR Japan 2006-2011 L 23.6 Single, Dual, Quad 10-100 46
ALOS-2 / PALSAR-2 Japan 2014-present L 238 Single, Dual, Quad 1-100 14
NISAR NASA, India Start in 2021 L 23.8 Single, Dual, Quad 3-10 12
Sentinel-1 Europe 2014-present C 5.6 Single, Dual, Quad W-20 12 (6)
RADARSA.T Canada 2019-present ® 5.6 Single, Dual, Quad 1-100 12 (4)
Constellation
X r 2007-present ) :
TerraSAR-X TanDEM-X Germany 2010-present X 31 Single, Dual 1-16 1
PAZ Spain 2019-present X 31 Single, Dual 1-16 1
COSMO-SkyMed Italy 2007-present X 31 Single, Dual 1-100 16
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The longer the wavelength, the deeper the waves penetrate the
forest canopy. L-band radar reflections are mainly caused by trunks
and large branches, while the shorter C- and X-band radar are mainly
reflected by the leaves of the upper canopy, which means they

can help to observe peatland soil moisture only where there are

no trees. Radar systems with short waves also have higher spatial
resolution. This makes L-band radar more suitable for land cover and
forest biomass monitoring, while X-band radar is better for detecting
disturbances in the forest canopy at tree level.

Radar systems also differ in the polarization(s) of the waves used.
There are systems with single polarization, dual polarization and
full (quad) polarization. More polarizations allow better distinction
between different types of land cover (Table 1).

Radar satellites are designed with specific applications in mind.

The Japanese L-band systems PALSAR-1 and PALSAR-2 cover the
entire world systematically, building large archives for the study

of continental-scale land cover change and wetland dynamics. The
European Sentinal-1 mission utilizes two identical satellites to provide
free data at 20 m resolution. The systematic acquisition is done with
an observation interval of six or 12 days, depending on geographic

location. This interval will be improved into six days in the near future.

The X-band satellites TerraSAR-X and COSMO-SkyMed provide images
: with much higher resolution but these images cover smaller areas.
: They are typically used where high or very high resolution is required

(see also Lucas ef al., 2012; GOFC-GOLD, 2013; 2015; GFOI, 2013).

A multisensory' and iterative? approach that includes historical

remote sensing (see next section) and field data is recommended®.

This approach can be split into three phases: Phase 1for collection
©and processing of input data; Phase 2 for peatland mapping (including

peatland delineation and peat thickness modelling); and Phase 3 for
possible interventions and restoration mapping. These phases are
described below.

1 Use of multiple remote sensing systems (including passive and

: active sensors) in combination (Lawson et al, 2014).

2 Peatland mapping based on remote sensing is an iterative process
* in which different sensor types are used (multisensory approach).

¢ The interpreter conducting the peatland mapping should preferably
: havea background in peatland ecology, local knowledge of the area
of interest, and a profound understanding of the different remote

¢ sensing systems applied.

© % As with every remote sensing approach, peatland distribution
. derived from remote sensing must be validated using in situ data.

Definition of peat and peatland by the IPCC

There are no IPCC definitions for peat and peatland. In the IPCC 2013 Wetlands Supplement, the concept of peatland is
considered to be included in “(land with) organic soil”. The Supplement follows the definition of organic soils in the 2006 IPCC

Guidelines (Annex 3A.5, Chapter 3 in Volume 4):

"Organic soils are identified on the basis of criteria 1 and 2, or 1 and 3, as listed below (FAO, 1998):

»  Thickness of organic horizon greater than or equal to 10 cm. A horizon of less than 20 cm must have 12 percent
or more organic carbon when mixed to a depth of 20 cm.

o Soils that are never saturated with water for more than a few days must contain more than 20 percent organic
carbon by weight (i.e. about 35 percent organic matter).

Soils are subject to water saturation episodes and have either:

a. atleast 12 percent organic carbon by weight (i.e. about 20 percent organic matter) if the

soil has no clay; or

b. at least 18 percent organic carbon by weight (i.e. about 30 percent organic matter) if the

soil has 60 percent or more clay; or
¢ anintermediate proportional amount of organic carbon for intermediate amounts of clay.”

According to the IPCC 2013 Wetlands Supplement, it is “good practice” that, when a country uses another definition of
organic soil in accordance with its national circumstances, the concept of organic soil (and its possible subdivisions) applied
is clearly defined, and that the definition is applied consistently across the entire national land area and over time. Research
is continuously contributing to the harmonisation of definitions, however, further research is needed to clarify concepts for
different applications. Establishing a national definition for peat and minimum thickness to define a peatland is a crucial step in
the definition of mapping methodologies.




Types of radar data
Different types of radar input data are beneficial for peatland mapping:

L-band data: the Japanese Space Agency JAXA acquired large
archives of L-band data during the JERS-1 mission (1992-1998) and the
PALSAR-1 mission (2006-2011). These data are available free of charge.
For data from the current PALSAR-2 mission (from 2014 to the present),
this is not (yet) the case. In the near future, free L-band data from

the NISAR mission is expected to become available, with systematic
coverage at high resolution (10 m), every 12 days.

C-band data: two C-band radar satellite constellations are currently
operational. Both provide free data. The European Sentinel-1 covers the
land surface regions systematically using one satellite (every 12 days)
or combining both satellites, to reduce the observation interval to six
days. The RADARSAT, with three satellites, can reduce the revisiting
time to four days.

X-band data: the X-band missions (see Table 1) provide very high
resolution, but cannot do this systematically. Acquisitions must be
planned and are not free of charge.

PHASE 1: COLLECTION AND
PROCESSING OF INPUT DATA

The following data should be considered in the course of mapping
peatlands during the desktop study phase.

Historical and legal data

Many peatlands have a history of degradation, so are difficult to map
with recent remote sensing data. In such cases, peat extent should
be delineated from historical optical satellite imagery (e.g. Landsat
archive) by interpreting historic drainage and vegetation patterns.

Historical land cover and land use maps may help to interpret
historical satellite imagery. In cases where no local historical data
on land cover and land use are available, global or regional land
(and forest) cover and land use data may be considered as an
alternative (e.g. Arino et al., 2008; Bartholomé and Belward, 2005;
Friedl et al., 2010; Hansen et al., 2000).

When using global maps and other data, find out the source of

the global product and which data have been used to validate

it, as this may have been done in a completely different area or
climatic region than the country or region of interest, and as such
may have a low accuracy. Regional land cover and land use data

(e.g. Margono et al., 2014; Miettinen, Shi and Liew, 2016) will probably be
more accurate but should also be cross-checked against other data.
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The leqgal status of land is registered in the cadastre of
most countries. Spatial plans issued by the government
provide information on what type of activity is planned or
allowed, for example whether the land is designated as a
conservation area, national park, or under a concession.

Current land cover, land use and changes

With the Sentinel satellite constellation with its unprecedented
temporal (six days) and spatial (10-20 m) resolution in operation since

late 2014, automatic land cover mapping is rapidly starting to become

the standard at low cost, especially when utilizing the power of cloud
: computing platforms [e.g. FAO SEPAL (see Box 7), Copernicus Data and
© Access Information Services (e.g. Mundi Web Services), Google Earth

Engine (Gorelick et al., 2017)] which contain much of the common

© satellite imagery as well as frequently used classification algorithms
© such as classification and regression trees, random forest (RF), and

© support vector machines. VHR satellite imagery may be used to

. delineate reference datasets to train these algorithms, reducing the

need for field measurements and consequent cost and time.

The quality of the maps depends on the ability to create a
. sufficiently cloud-free composite image, which may

require at least a year of observations.

Once a good land cover or land use map has been created,

. disturbances can be monitored at regular intervals. Drainage canals

- or ditches, logging tracks and roads can be manually digitized from

: VHR (<10 m) resolution optical imagery. Larger canals and logging

© tracks can be delineated from high resolution (10-30 m) Sentinel-2 and

Landsat imagery, for example using the FAO Open Foris suite.

Elevation model

© As peatlands develop under long-term water saturation of the soil,
© they are found in areas where large amounts of water are available
: (e.g. coastal environments) or flowing (e.g. depressions, rivers).

Elevation models are useful to identify these hydrological landscape
units. Further, elevation data help to identify the location of peat

domes and to interpret the peat (dome) morphology, which is useful
: when designing field surveys (see next section). It is, however,
:important to recognize the limitations of elevation models in detecting

peatlands that are not dome-shaped. The still frequently used shuttle
radar topography mission (SRTM) data, collected in 2000, provide

a surface elevation model - not a terrain model - as they include
© vegetation height. Furthermore, SRTM data are referenced to the geoid
©and not to local mean sea level (MSL).



Peat depth

Peat thickness, together with its carbon content, determines the
carbon stock in a vertical peat column, and the potential duration

of GHG emissions if this particular peatland is drained. Peat depth
distribution data are therefore needed to understand the full carbon
stock in a peatland landscape (Parry and Charman, 2013), which can
be taken into account for land use planning and management. In
many countries, peat depth is one of the key criteria, which defines
an area as a peatland, and determines whether it can be converted or
not. However, peat depth can vary considerably within and between
peatlands, and they emit GHGs as long as the peat is exposed to air.
Therefore, the depth of a peatland affects the potential period and
total amount for GHGs. There is a considerable lack of peat depth data
at local, national and global scales (Parry, Charman and Noades, 2012).

Peat depth strongly depends on the relief of the underlying material
(such as rock, sand, clay). This presents a challenge to modelling
and usually requires field measurements to establish an accurate

estimate of peat carbon stocks. In case of limited resources, therefore,

the assessment of peatland extent and status (drainage; plantation;
and other activity data) should be prioritized, the more so because
emissions depend mainly on the area affected by degradation
(oxidation, erosion, fire), and much less on total peat depth.

Peat depth can be measured by (i) manual probing with a peat corer
or metal rod to record the probable depth, and (ii) ground penetrating
radar (GPR). In the field, manual augers or corers are used for
measuring, as shown in Figure 7. Field surveys are recommended to
be carried out along transects perpendicular to rivers. A detailed
protocol as well as an approach to field survey design for an

effective and cost-efficient peat thickness survey has been proposed
(Vernimmen et al., 2017, 2018). GPR is a non-invasive geophysical
technique that uses radar pulses to image the subsurface base layer

of peat (Parry et al.,, 2014). A GPR unit consists mainly of transmitting
and receiving antennas, a control unit and a display. The transmitting
antenna produces short-pulse electromagnetic waves that penetrate
the belowground substrate and will be reflected or scattered back to
the receiving antenna over time. GPR has been applied successfully
to the measurement of peat depth (see e.g. Lowry, Fratta and
Anderson, 2009; Mellett, 1995; Murdiyarso et al., 2017).

Where an accurate elevation model is available, peat thickness can

be determined by identifying the peat bottom position that is the
interface between the peat and the underlying mineral sediment, i.e.
the difference between the peat surface and depth of the peat bottom.
This is further illustrated in Figure 8, and examples are provided in
Vernimmen et al. (2017, 2018). Belowground carbon stock of the peat
can also be determined (see Key features of peatland delineation p.8).
Peat samples at different depths can be taken at the same time as the
peat thickness measurement, to determine carbon content and bulk
density in the laboratory.

. Manual auger used for peat
sampling in the field

How to determine total peat thickness in a domed peatland

A

Mineral substrate
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Historical fire occurrence and burnt areas

Fires have been monitored routinely from space by the MODIS
Agua and Terra satellites since late 2000 and these data are freely

available (Giglio et al., 2003; Justice et al., 2002; Kaufman et al., 1998).

Several data products exist including a burnt-area product derived
from these satellite data (Giglio et al., 2018). The MODIS hotspot data
represent areas of 1 km? in which there is a fire, but this does not

© UN-REDD

necessarily mean that the entire 1km? is burning; the actual area

on fire may only be a fraction of that (NASA 2020), leading to an
overestimation of fire occurrence. On the other hand, MODIS burnt
areas have also been found to underestimate actual burnt area
(Gaveau et al., 2014; Tansey et al., 2008). Therefore it is preferable to
compare with other maps of burnt area, such as those delineated from
cloud-free optical or radar satellite imagery (e.q. Gaveau et al., 2014;
Lohberger et al., 2018; Tansey et al., 2008).
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PHASE 2: PEATLAND MAPPING

Based on an iterative process, peatlands are delineated by an expert
incorporating all the above-mentioned input data. More details on
delineation methodologies have been developed by Barthelmes,
Ballhorn and Couwenberg (2015), Gumbricht et al. (2017), and
Bourgeau-Chavez et al. (2018) for tropical and boreal peatlands.

Other methodologies are also widely available. Personnel mapping the
peatlands will need to take the actions described below through field
surveys, at least in the main types of peatlands.

Peatland status and socio-economic factors

It is important to map the peatland status, particularly if it has been
drained and/or burnt and if different management or other activities
are ongoing, and to divide it into different sections according to the
type of management. To determine GHG emissions and carbon losses,
it is also important to understand hydrological connectivity, i.e. if the
effect of drainage extends beyond the area where the GWL has been
directly lowered (see Figure 1and Figure 2).

For reporting on socio-economic issues, as well as improving the
sustainability of peatland management, it is important to understand
the various ways that people use the peatlands - low-intensity
activities such as hunting or gathering non-timber forest products,
or activities involving fire or land clearing. It may be useful to
disaggregate the collected data by gender and by stakeholder
groups to allow a targeted approach, for example for development
collaboration. Using geographic information systems it is possible

to integrate socio-economic and other data in the peatland maps.
National forest inventories (NFIs) are one possible source for land use
and socio-economic data acquired through household surveys.

Biodiversity assessments

While accessing the peatlands, it is important to note at least the key
plant species that are forming the peat, i.e. the dominant species
in the vegetation, such as Sphagnum mosses, grasses, sedges or

trees. For livelihood development, note any natural peatland species
that could allow for non-invasive, non-drainage-based livelihood
options, if needed. An example of biodiversity assessment for
monitoring the United Kingdom's peatlands has been

developed by Natural England (2011).

PHASE 3: INTERVENTION
AND RESTORATION MAPPING

Through a combined assessment of the above input data

(Phase 1: collection and processing of input data) and the results
from the peatland mapping (Phase 2: peatland mapping), the areas
requiring intervention, such as restoration, are mapped. There will
be areas where it is best to only undertake hydrological restoration
and allow natural vegetation to return naturally through (assisted)
natural regeneration (FAO, 2018, 2019a) or ecological succession,

and other areas where both hydrological restoration and planting of
native vegetation (rehabilitation) are required (see Figure 9). Planting
might be necessary, for example, when peatland fires have destroyed
the seed bank, and there are no peatland species growing in the area
allowing for natural expansion. Consequently, both rewetting and
revegetation should always be planned together, with revegetation
achieved either through natural regeneration or, depending

on local environmental and socio-economic circumstances,

through planting of trees. Increasing tree density by replanting
peatland species can help reduce the loss of humidity through
evapotranspiration (Limpens et al., 2014).

Revegetation with native peatland tree species is especially
applicable to tropical peatlands (see for more: Box 4 and Figure 9).
On the other hand, in most temperate and boreal non-forested
peatlands, which are dominated by mosses, the removal of tree
plantations is, in fact, a restoration challenge on drained sites in the
process of restoring native Sphagnum bogs (The Flow Country, 2019).

Peatland restoration and rehabilitation

The terms peatland restoration and rehabilitation are frequently used and are often conflated. “Rehabilitation” refers to
revegetation and is used for activities with the goal of repairing ecosystem processes, without necessarily reverting to the
previous state (Society for Ecological Restoration International Science & Policy Working Group, 2004). Note however that
without the raised water table, the wetland plants and trees would not be able to return. “Restoration” is mainly used to refer to
hydrological restoration, such as canal blocking and associated measures, which would allow the peatland species to return.
Peat restoration is best used as a single class to define areas where hydrological restoration is required (see Figure 9).




Decision-support tree for choosing whether
rehabilitation through revegetation should be considered o
peatland

Is there peat? S
o = //\
Is there pristine
vegetation e
present? /7
-
= -

Is restoration
~ implemented through
full rewetting?

A Restoration is
required

Are there drainage,
logqging tracks or
other non-fire
disturbances?

Peatland in
the process
of restoration

MONITOR 7 degracing
peatland

Have fire(s) Is the

2% . 3
occurred? disturbance Monitor changes with losses
allowed in and disturbance.
regulations and Consider restoration,

local or regional
land use plans?

Are there
any other
disturbances?

Is there a
pristine
peatland within

Itisa
pristine peatland

i Unprotected:
under current threat

Unprotected: \ \
not under
Protected: s Ik
Monitored national IR Revegetation |
parks, conservation TR ' not necessary /

areas

* Include fires due to lighting
** Threat by canal or road development or recent fire occurrences along forest edge within buffer zone of 5 km









Chapter 3
Peatland

monitoring
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and Hesti Tata

Peatland monitoring is referred to here as the reqular and systematic
observation of specific variables and their changes over time, within

a known peatland area. Monitoring is often used to inform and
understand how peatland function and condition is evolving and to
assess the effectiveness of water management strategies, restoration
interventions, and the risk of fires. To achieve results, a true landscape
approach is important:

‘By adopting a landscape approach, we

learn how to look at landscapes from a
multi-functional perspective, combining natural
resources management with environmental
and livelihood considerations. People and their
institutions are therefore perceived as an integral
part of the system rather than as external agents
operating within a landscape”

(Global Partnership on Forest and Landscape Restoration, 2018)

The landscape approach in the case of peatlands means, in particular,
considering water flow and changes, people’s livelihoods, and different
sectors’ impact and activities, sometimes located far from the

peatlands but having an impact on them. Other factors to consider are,

for example, the buffer zones around peatlands and practices using
fire within the landscape.

Peatland monitoring is distinct from peatland mapping, which serves
to determine the extent of the peat (see Chapter 2). The purpose
of a peatland monitoring system defines the parameters and the
relevant data sources and thus the monitoring approaches and tools.
Common purposes set by governments are monitoring and reporting
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on peat-related GHG emissions under the GHG inventories and the
MRV framework to the Climate Convention, as well as monitoring
restoration efforts, and to observe and to be able to make appropriate
decisions to control and prevent further deterioration of peatlands.

Chapter 5 covers further frameworks to showcase different monitoring
needs, and points out how monitoring could be harmonized to serve
multiple reporting requirements.

MONITORING PARAMETERS

Monitoring needs differ depending on the peat condition and the
required interventions, defined for example in the mapping phase
(see Chapter 2). Examples of tools to measure these parameters
are described in Chapter 4. The parameters in Table 2 should be
measured to monitor the changing conditions of peatlands and
estimate GHG emissions.




Table 2

Suggested

Chapter 3 — Peatland monitoring

Examples of parameters for monitoring different types of peatlands,
suggested minimum frequency and utility for climate reporting indicators

Peatland's . - : . L )
condition : Possible monitoring parameters : minimum frequency . For climate reporting, indicator of:
i Area of peat Annually Potential GHG emissions
¢ Local climate and altitude Rainfall regimes seasonally Potential for GHG emissions
All peatlands :
Socio-economic factors Annually Sustainability of action
Peat depth Once Carbon storage and potential duration of emissions
Peatlands 3
in temperate Fertility Once at different peat depths Potential for GHG emissions
and boreal regions ~ :
Temperate peatlands Vegetation HEUUETI, SOLETETG Proxy for GHG emissions

or ten years

Potential land cover or land use change © Annually Need for preventive action
Drainage-free land uses Twice a year Sustainability of action

Pristine peatlands GWL (also through canal water depth) Seasonally Adaptive capacity
Soil moisture Seasonally Fire risk in case of reduced moisture
Fire risk and fire detection Dail GHG emissions, haze and associated health, economic
during dry periods Y and political issues
AT O egch drgmed (R Twice a year GHG emissions
: hydrological unit or area
¢ Land cover change or development
: of drainage canals or ditches, logging Twi Changes in above and below-ground

wice a year

Drained peatlands

tracks and roads (expansion of
¢ network)

carbon stock; Need for preventive action

Surface level: subsidence
: and peat depth

Four times a year

GHG and other carbon loss

Soil moisture and GWL

Seasonally, twice a year

Fire risk, disaster risk reduction

Fire risk and frequency of fires

Daily during dry periods

GHG emissions, disaster risk reduction

© Area of burnt peat and frequency of

After the dry season

GHG emissions, disaster risk reduction

Restored peatlands

¢ canals and ditches )

: fires

Land cover chgnqe: Return of native Annually Success indicator

: peatland species

Management: Wet peatland uses Annually Sustainability of action
; Profitability and gender equity of wet &, .y Sustainability of action
: livelihood options

FuIIy AU LT B CIS Twice a year Avoided GHG emissions
: drainage system blocked

Location and status of dams and other

¢ restoration efforts (e.g. blocking of Twice a year Success indicator

Surface level: subsidence and peat
: depth

Four times a year

GHG emissions and success indicator

Soil moisture and GWL (also through
i canal water depth)

Twice a year

Avoided GHG emissions; disaster risk reduction

Fire risk and frequency of fires

Daily during dry season

GHG emissions; disaster risk reduction

Area of burnt peat

After the dry season

GHG emissions, disaster risk reduction




Direct carbon loss measurements

Peat emissions are unique, as they are not calculated based on one off
deforestation or degradation events, but when drained, they continue
over longer periods until the organic material is fully decomposed
(Hooijer et al., 2010). Measuring GHG emissions (C0,, CH, and N,0)
directly at field level has recently become less costly and accessible
thanks to portable measurement devices with chamber measurements
as well as with flux towers (“eddy covariance method") (FAO, 2014). In
addition, losses of water-borne organic carbon (e.g. dissolved organic
carbon) can be measured. Note, however, that the interpretation of
such measurement data requires highly experienced personnel.

The requirement for long-term GHG measurements - two years are
often required - over different seasons, as well as the need for better
equipment, is hindering the development of Tier 2 emission factors
that could help countries to estimate their specific GHG fluxes from
peatlands. The IPCC 2013 Wetlands Supplement provides standard
emission factors for different climatic zones and guidance on how

to update the emission factors.

Canal water depth and groundwater level

Measuring the level of the water table in peatlands (often below the
peat surface) and in canals is a priority for assessing the changing
conditions in the peat, the impact of drainage in various parts of
the system (e.g. in a peat dome), and thus likely carbon emissions,
restoration requirements and associated results.

GWL, due to its direct correlation with GHG emissions from peatland
degradation, is the best parameter to estimate GHG emissions, as also
recommended in the IPCC 2013 Wetlands Supplement (IPCC, 2014a).

(See the section on Dipwells for water-table depth measurement p. 28) :

Canal water depth, sometimes referred to as “freeboard” by water
management practitioners, can be used as an indicator of GWL, and
accessed directly using light detection and ranging (LiDAR). One of the
limitations of LiDAR has traditionally been its high cost. Developments
in 2019 allow expecting that the price of monitoring using LiDAR

could be reduced in future, for example with the increased use of
programmed unmanned aerial vehicles (UAVs) such as drones.

Subsidence

Peat subsidence is a serious issue associated with peatland drainage
and often connected with other peatland problems. “Subsidence”
means the gradual sinking of an area of land. Most peatland
subsidence is associated with a massive and continual loss of
carbon via both air and water (Couwenberg and Hooijer, 2013), with
the intrusion of saltwater, and with an increased risk of flooding. If
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peat subsidence continues and global sea levels continue to rise,
vast areas will become permanently flooded. Subsidence rates in
drained boreal and temperate peatlands are typically in the range

1-3 cm per year, whilst in drained tropical peat rates are higher

(3-6 cm per year) as a result of faster decomposition rates at higher
temperatures (Evans et al., 2019). Subsidence rates are generally
higher in more deeply drained peat, and in the period immediately
following drainage. Large areas of peat in some countries such as the
Netherlands and Britain, where drainage began centuries ago, are
now below sea-level and require energy-intensive pumped drained.
This approach is unlikely to be feasible for the vast areas of coastal
peatland in Southeast Asia that have been drained more recently, and
if peat subsidence continues in these regions, and global sea levels
continue to rise, these areas will be at increased risk of flooding. Loss
of areas where people live (cities, villages) or work (forestry, cropping
or grazing) through increased flooding and intrusion of saltwater may
cause significant economic and social hardship, and force countries
to take extensive adaptation and disaster risk reduction (DRR) action.
Subsidence intensifies when proper management is lacking (Saputra,
2019) and often indicates the need for restoration.

Subsidence is also closely associated with carbon loss, with at

least half of all subsidence typically resulting from the oxidation of
aerated peat and resultant CO, emissions. In the IPCC 2013 Wetlands
Supplement, subsidence measurements were recommended as a
cost-effective method to estimate GHGs for reporting purposes in
drained organic soils. As subsidence and raising of the peat surface
vary according to the water content of the peat, it can also be

used to estimate the success of peatland rewetting. For examples
of measurement methods, see sections on Subsidence poles and
Subsidence measurements, pages 27 and 28.

Fire occurrence

Fire monitoring is an area of work currently under development.
Monitoring peatland condition is relevant for determining fire risk,

likely causes, and the GHG emission associated. New emission factors
should be available in the near future, making it possible to estimate,
for example, emissions due to reduced fire load after several fire events.
Fire monitoring should intensify during dry periods (see sections on
Historical fire occurrence and burnt areas, p. 15 and on Fire monitoring
initiatives, p. 42), and studies have shown the importance to monitor
peatland status even after, and between, fire events, due to its
relevance for GHG emissions calculations (Lupascu, 2020).

Different methods exist to monitor fire risk and fire events. In most
cases, meteorological centres conduct fire danger monitoring, which
is closely related to monitoring weather conditions, such as rainfall,
wind, and thunderstorms. Large commercial enterprises often have



their own fire risk monitoring systems and teams charged with
extinguishing fire. Fire risk monitoring allows the setting of fire
warnings, such as prohibiting the use of fire outdoors.

In the humid tropics, the majority of fires are anthropogenic, and

- importantly - most fire events can be spotted, and their original
location traced. Many countries have made rapid advances in
identifying the culprits of intentionally lit fires. In this case, a timely
monitoring system can contribute to emergency response and
development of strategies to avoid intentional fires.

Canal blocks

Water loss can be controlled by canal blocking* leading to raised

GWL and allowing peatlands to restore®. In some cases, canal blocks
have been damaged® by people who prefer to use the canals for
transportation or to keep the water levels low. Canal blocks are also
often destroyed by natural causes, such as floods. Therefore, to ensure
successful restoration, regular monitoring that the dams remain in
place is required. For large areas, high-resolution imagery through
remote sensing tools can verify the state of canal blocks, depending
on their size.

Other monitoring parameters

Depending on the goal of the monitoring process, biodiversity

(e.g. plant and animal species, vegetation structure, connectivity),

and socio-economic factors (e.g. local livelihoods, profitability and
gender equity of wet livelihood options) could be analysed in order to
understand the evolution of peatland status and possible threats. In
addition, climate reporting often requires socio-economic data, such
as information on safequards. The results of the mapping phase can
be useful to determine which parameters to monitor, but note that any
available information on peatland status can be used as a basis for
peatland monitoring within a national system.

4 Canal block constructions have been built as compacted peat dams,
cement structures, box dams, partial canal infilling, and peat dam
cascades with positive and negative results (BRG, 2016). After collecting
restoration experience from several countries in different climatic zones,
the most positive experience has been reported with compacted peat
dams. Their particular benefits are persistence even during peak flow, as
well as the availability and sustainability of the raw material.

5 To achieve full rewetting, stopping peat degradation, reducing fire risk
as well as avoiding GHG emissions, the GWL needs to be raised to at
least around the peat surface, preferably higher. Canal blockings should
be constructed high enough, taking into account the rainy seasons and
other periods when water easily breaks dams.

6 Compacted peat dams have been noted to be the most difficult to break.
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TAKING DECISIONS

The parameters to be monitored depend on the question the

monitoring personnel has and may differ among countries. Monitoring
requirements can be derived from international frameworks and
conventions (see Chapter 5) and/or national legal frameworks or
conservation goals and strategies. Table 2 shows possible monitoring
parameters depending on the peatland state (for tools to measure these
and other parameters see Chapter 4).

The scope of this report does not cover potential issues of data-sharing,
institutional arrangements (such as mandates, coordination, capacities,
legal basis, budgets, organizational development or other aspects) and
processes (such as data handling, quality management, third-party
reviews, archiving). In addition, the peatland information is best catered
to various stakeholder groups in an approachable manner to allow

for social debate, and fact-based decisions to be made. Much can be
learned from the experience of countries that have been working on
national forest monitoring systems (NFMSs) and GHG inventories as well
as national adaptation plans (NAPs).
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Chapter 4

Examples of

monitoring tools
and approaches

by Andrew Groom, Albert Sulaiman, Dirk Hoekman, Laura Villegas,
Kai Milliken, Ronald Vernimmen, Laure-Sophie Schiettecatte,
Maria Nuutinen and Erik Lindquist

This chapter provides examples of monitoring tools, i.e. those that are currently operational
and those that are expected to become operational in the near future. As a key objective

is to mitigate climate change by reducing GHG emissions, the descriptions extend beyond
observational tools to include analytical tools. Analytical tools focus on those that enable the
conversion of monitoring results into GHG emission metrics. The examples are not exhaustive,
and only include tools that take into account the specificities of peatland landscapes.

Summary of tools for peatland monitoring

Object of monitoring

Peat surface motion

Type of tool

Ground monitoring

Subsidence pole

Known or expected challenges

Provides limited spatial detail

Impractical for monitoring
large areas

Peat surface motion

Ground monitoring

Integrated, autonomous
subsidence measurement
instruments

Some additional cost

Impractical for monitoring
large areas

Sub-centimetre changes in surface level

© Remote observational tool

Interferometric SAR

Variable results linked
to vegetation characteristics

Update frequencies

Artificial disturbances of peat

Water-table depth Ground monitoring Dipwells B
Canal water depth, ground surface level Remote observational tool LiDAR Cost
ol T e 2 B Remote observational tool Synthetic aperture radar Cost

fire, canal detection, forest degradation, etc.

Detection of land-use changes,
and landscape elements (e.g. canal
blockings, deforestation, etc.)

: Remote observational tool

High resolution optical
imagery

Time needed for interpretation of
satellite images

Net ecosystem CO, exchange

Ground monitoring

Flux towers

Cost

Emissions from peat soils under
deforestation, fire, and logging

Carbon and GHG balance

AFOLU Carbon Calculator

Some updates needed
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Object of monitoring Type of tool
GHG balance, temporal carbon trends, and

- A . Carbon and GHG balance
estimation of other climate impacts

Chapter 4 — Examples of monitoring tools and approaches

Tool Known or expected challenges

CarboScen Availability of GHG emission models

Impact of agriculture, forestry and fishery

development projects, programmes and Carbon and GHG balance

Differentiation of emission factors

2.6 0 G ST for areas drained more than five

06 Tool - EX-ACT )
policies on the carbon balance years and less than five years
Carbon stock fluxes (above - and \dentification of furth
belowground) and GHG emissions derived  : Carbon and GHG balance Palm GHG Calculator SIS

from land cover change to oil palm

OBSERVATIONAL TOOLS AVAILABLE TODAY

Ground-based tools

Subsidence poles

Changes in peat surface elevation (e.g. subsidence) can be measured
by inserting a pole made from long-lasting material (e.g. a thick

PVC tube) vertically into the peat. It is important to ensure that

the subsidence pole is installed firmly into the mineral substrate
underlying the peat (to a minimum depth of 50 cm) to guarantee
proper anchorage. Upon installation, a permanent marker (PVC collar
or another permanent marking) allows a fixed recording of the height
of the peat surface. It is relevant to secure that the permanent marker
is light enough not to sink in the peat, but heavy enough not to float
when flooded. In some instances, it is recommended to fence an

area of 2 m x 2 m around the subsidence pole to prevent inaccurate
measurements by disturbance of the peat surface, but care should be
taken to avoid the fencing activity itself disturbing the measurements.

RSP0 (Roundtable on Sustainable Palm Qil) highlights the importance
of subsidence measurements, and recommends the installation

of subsidence poles with a minimum density of at least one, and
preferably two, poles for every 240 ha of oil palm plantations

on peatlands for which surface elevation monitoring is required
(RSPO, 2018). Subsidence poles should be placed in a representative
location (i.e. not close to a ditch or canal) and across a range of
representative land use types. Densities may need to be finer for areas
with a variety of peat types, depths and drainage conditions.

The RSPO best practice manual requires the peat surface elevation

to be recorded at least every quarter year, to adequately capture wet
and dry season variability (RSP0, 2018). Reqular measurements over a
minimum of three years provide reliable subsidence rates.

Dipwells for water-table depth measurement

Dipwells are PVC tubes which may be joined in length depending on
the depth of the peat in which they are installed. They enable the

measurement of water-table depth below the peat surface. When a
dipwell is embedded into the mineral substrate underlying the peat

Figure 10

reliable peat emission parameters

it can function at the same time as a subsidence pole, allowing the
observation of change in peat surface elevation.

To maximize robustness and lifespan potential, the PVC tubes (with

an inside diameter of e.g. 3.80 cm or 1.5 inch) should be of the highest
quality available, with a preferred wall thickness of 3 mm, as these are
more resistant to UV radiation than thin-walled PVC tubes.

Dipwells should be placed at a minimum distance of 10 m from the
main transect access path to avoid disturbance and compaction

of the peat surface at the monitoring location. They are installed

in the peat through boreholes and should be sunk a minimum of

50 cm into the mineral substrate to allow the dual monitoring of peat
surface elevation. The top of the tube is sealed with a cap to prevent
rainfall from entering the tube (Figure 10, right), while entrance of
the groundwater is enabled through a “filter” of 1 mm holes drilled
manually into the tube located 5 cm apart (Figure 10, left). During
installation, workers should stand on wooden planks to avoid artificial
disturbance of the peat surface (Figure 10, right). Installation also
provides an opportunity to record peat depth.

Dipwells for water-table
depth measurement

Thick-walled PVC pipes with holes to measure groundwater
table and an installed dipwell, covered by a removable cap
and a PVC collar on the surface of the peat.

© Ronald Vernimmen




Depth to water table is monitored by routinely measuring the
distance from the water table in the dipwell to the top of the dipwell.
Measuring from the top of the dipwell to the peat surface records

any changes in peat surface elevation. Because the peat surface
around the dipwell is irreqular, the height of the dipwell above the
peat surface should be measured to a PVC collar placed on the ground
around it (Figure 10, right). As noted above, the material used for the
collar should be light enough to float on the peat surface, and heavy
enough not to float when the peat surface is flooded.

Good practice also involves photographing the site conditions
when readings are taken. These pictures can reveal possible data
irregularities that may relate to the conditions of the transect, the
equipment, or the data entry.

- Automated groundwater level,
Figure 11 . . .
rainfall and wind measurement point

Automated groundwater level, rainfall and wind
measurement point with a solar panel visited by
Congolese researcher Dr. Ifo Suspense in Indonesia

Subsidence measurements

Observing changes in peat surface elevation entirely manually and
with sufficient frequency is a challenge using subsidence poles or
dipwells, particularly on extensive peatlands. Peat surface motion

is highly dynamic and thus temporally frequent observations are
preferred to understand drainage regimes and related GHG emissions,
also to calibrate and validate remote observations.

Automatization reduces the need to access the measurement

devices. The Centre for Ecology and Hydrology in the United Kingdom
has developed a time-lapse camera system that provides daily
observations of peat surface elevation with no requirement for a daily
manual reading. The system is designed to be low-cost and easily
constructed from materials that can be locally sourced. The tools are
robust under field conditions (there are no external moving parts, and
similar cameras are widely used in wildlife camera-traps in the region)
and able to operate autonomously for long periods (batteries and data
storage should allow the system to operate unattended for months).
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The British system includes a time-lapse camera mounted on a
lightweight platform which “floats” on the peat surface and takes

a daily photograph of a target attached to a metal subsidence pole
embedded in the mineral substrate underlying the peat. The daily
photograph provides a high-resolution (millimetre-scale) measurement
of the relative displacement of the camera relative to the target.
Software is available to automatically extract these readings from the
received photographs.

Greenhouse gas measurements

GHG exchanges between the land surface and atmosphere can be
quantified using a variety of methods. The FAO report (2014) describes
a variety of methods for direct measurements, summarized here:

C0, air-soil measurement: the eddy covariance or “flux tower” method
is @ micro-meteorological technique employed on a tower with
instrumentation typically located above the vegetation. This method
determines the surface-atmosphere flux from source areas (hectares to
square kilometres) by measuring the covariance between fluctuations in
the gas mixing ratio and the vertical wind velocity. A flat, homogeneous
topography is a pre-requisite for undertaking these measurements, and
steady atmospheric conditions are desirable for more accurate results.
In contrast to closed chambers, this method provides continuous, whole
ecosystem gaseous flux measurements over relatively large areas.

(See for more: FAQ, 2014.)

Waterborne carbon: the DOC content is determined by measuring the
oxidation of organic matter to C0,, which is generally accomplished
using high-temperature combustion or persulfate oxidation. The
spectrophotometric method is used as a complementary method for
determining DOC content in the water. To estimate the total loss of DOC,
the total discharge also needs to be measured and the catchment area
defined. (FAO, 2014.)

In addition, GHGs can be estimated using proxies, as described in the Box 5.
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m Central European vegetation as a proxy for greenhouse gas fluxes

by John Couwenberg

Vegetation is well suited to indicating GHG fluxes (Couwenberg et al, 2011) because:
« itisa good indicator of the water table, which in turn strongly correlates with GHG fluxes;

« itis controlled by various other site factors that determine GHG emissions from peatlands, including nutrient
availability, soil reaction (pH) and land use (history);

o itis itself directly and indirectly responsible for the predominant part of the GHG emissions by regulating
CO, exchange, supplying organic matter (including root exudates) for CO, and CH, formation, reducing
peat moisture, and providing possible bypasses for methane fluxes via gas conductive plant tissue, or
“aerenchymous shunts”;

« itreflects long-term water-table conditions and thus provides indication of average GHG fluxes
on an annual time scale; and

+ itallows fine-scaled mapping, e.g. 1:2 500-1:10 000.

The approach of estimating GHG emissions through vegetation is currently being applied in the United Kingdom, Germany
(Bonn et al., 2014) and the Baltic countries (Sendzikaité et al., 2018).

In a recent study, the results of a meta-analysis of GHG fluxes were combined with a matrix system of all vegetation types
that may occur in Central European peatlands. The analysis then allows for extrapolation and interpolation of measured flux
data along various axes of site characteristics (Couwenberg et al, 2011). The resulting greenhouse gas emission site types
are currently mainly based on water-table class, vegetation and land use, but also nutrient status and acidity (pH). Additional
measurement data are regularly integrated to increase the accuracy of GHG emission estimates.

In order to estimate emission reductions, scenarios of vegetation development must be formulated for the situation with
rewetting ("project scenario’) and the situation without rewetting (“baseline scenario”). Emission reductions can be conservatively
estimated by applying low estimates for the baseline and by omitting emissions from ditches and of N,O, while applying high
estimates for the project scenario. CH, emissions from ditches can be particularly substantial, but are usually emitted from
small areas that are expected to be overgrown after rewetting measures, thus reducing emissions. Disregarding emissions from
ditches thus means reductions are underestimated. N,O emissions are erratic, but always negligible when peatlands are wet.

Leaving N,O out of the assessment will result in an underestimation of emission reductions.

Remote observational tools

Changes in peatlands can be increasingly monitored using remote
sensing tools (see also Box: 6) and platforms (see e.g. Box 7).

Synthetic aperture radar

Space-borne radar observation is not hindered by adverse
atmospheric conditions, such as clouds, smoke and haze, and can

be made frequently and repetitively, including in the rainy season.
Because of a certain penetration level of the radar waves, observation
below the canopy is also possible. Particularly the L-band sensors on
board the former JERS-1 and ALOS-1 satellites (Rosenqvist et al., 2007)
are superior to all other space-borne sensors for assessment of
flooding and drought conditions and thus hydrological cycles.

Moreover, radar signals are sensitive to forest structure

and biomass level (Hoekman and Quifiones, 2002; Hoekman,

Vissers and Wielaard, 2011; Lohberger ef al., 2012; Schlund et al., 2014).
This offers unique opportunities for applications such as monitoring

peat swamp forest conditions, hydrological integrity and fire
susceptibility, as well as fast response to illegal tree logging and canal
construction (Hidayat et al., 2011; Hoekman, 2018; Schlund et al., 2015).
A near real-time system based on free Sentinel-1 C-band data

has recently been demonstrated, allowing forest degradation,
deforestation and new canal detection to be monitored. For more
accurate information related to hydrology, it is better to integrate
these C-band data with L-band data.

Figure 12 is an apt example of the use of SAR data, which illustrates
that temporal dynamics in flooding intensity can be related to the
hydrology of ombrogenous’ peat swamp forests and indirectly to peat
depth (Hoekman, 2007). Light blue areas show flooded parts of the
relatively flat tops of two peat domes (“A"); “B" indicates a central
depression with a river; and "C": relatively flat and wet fringe of a

7 A peat-forming vegetation community lying above groundwater
level: it is separated from the ground flora and the mineral soil, and is
thus dependent on rainwater for mineral nutrients.
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dry peat dome, which can be better seen in Figure 13. The red area
dates back to 7 September 1994, with green and blue representing
12 July 1995 and 4 January 1996 respectively.

. Example of SAR data on flooded areas
Figure 12 ter s .
within a complex peat dome in Mawas
area, Central Kalimantan and JERS-1 SAR
multi-temporal composite image

Source: Hoekman, 2007,

In Figure 13, the time-series of JERS-1 SAR exemplifies the deleterious
impacts of underground peat fires and the fast succession of

events that resulted in trees falling down at a central area of peat
swamp forest. This forest collapse can be accurately depicted, using
time-series data to highlight the logical sequence of events. Until 1996,
the dome was hydrologically intact, however, in 1997, the construction
of a wide canal through the dome became apparent. In the third image
of the sequence (September), the canal becomes filled with water and
becomes black and distinguished with a small bright area. This bright
area grows exponentially through time, until the forest completely
collapses in January 1998. To note, the images of figure 13 are from the
location “C" in Figure 12.

Soil surface subsidence for this dome was estimated to be
approximately two meters (Kool, Buurman and Hoekman, 2006).

A pivotal cause of the collapse was the intense drainage caused by
the wide canal. That said, the coinciding ENSO period at the time, may
have accelerated the process (Hoekman, 2007).

Interferometric SAR

High-precision mapping and monitoring of changes in land surface
elevation are also possible using satellite-based techniques, the most
common of which is differential interferometric synthetic aperture
radar. These techniques exploit subtle changes in the radar signal
phase to identify sub-centimetre changes in the line-of-sight position
of targets. The two most common times series INSAR methods are
PSInSAR (persistent scatterer) and SBAS (small baseline subset),

both of which can typically produce very accurate deformation
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profiles for urban or rocky, sparsely vegetated areas. However, both
methods are considered to be severely challenged over vegetated
terrain due to uncertainty of signal penetration - depending on
vegetation density and height - and high variability incoherence of
the measured signal (Figure 14).

Recent studies have shown that all SAR wavelengths are able to
penetrate a forest canopy to some extent. The challenge is to develop
a technique that can effectively filter out and exploit the high
coherence points and produce meaningful observations of changes
in surface elevation. Such a technique, known as ISBAS (intermittent
small baseline subset), was developed at the United Kingdom's
Nottingham University in 2012 (Sowter et al., 2013).

Fiqure 13 JERS-1 SAR time series of the collapse
g of the peat dome in 1995-1998 in Kahiyu,

Central Kalimantan, Indonesia

(a) July 1995;

(b) March 1997;

(c) September 1997;
(d) October 1997;
(e) January 1998

Source: Hoekman, 2007.

ISBAS is imagery intensive, requiring a dense time series of

SAR observations in order to allow for the capture of sufficient
numbers of high coherent points. The operational Sentinel-1

mission (a two-satellite constellation) captures a new image at least
every 12 days over all global landmasses.

This temporal capability, combined with the partial canopy penetration
(Sentinel-1is C-band), enables the generation of land motion
measurements over both vegetated and non-vegetated surfaces.
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lllustration of radar backscatter from a typical forest element

Random
low coherence

Emergent layer
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Fi fl
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Illustration of radar backscatter from a typical forest element, showing incoherent (diffuse)
scattering from the canopy and coherent (specular) scattering from targets on the forest floor

Source: European Space Agency and Dr Andrew Sowter/Personal communication

This means ISBAS can be used for almost complete coverage of any landscape, including
peatlands.

The technique is able to generate average rates of motion, with 12-month update
frequencies, and has been demonstrated to work in all peatland contexts (arctic
permafrost, temperate, Neotropical and tropical) (Alshammari et al., 2018; Cigna et al.,
2014). It can be used for wide-area surveys of peat surface motion to select priority
restoration areas, as well as routine, ongoing monitoring of peat surface motion to test
the effectiveness of restoration interventions.

Peat surface elevation changes are known to be linearly related to water-table depth. As
water-table depth is also related to GHG emissions, the technigue can also be applied to:

* plantation-scale observations to test the effectiveness of
water table management strategies;

* regional-scale observations to demonstrate compliance with
water table depth requlations; and

* regional-scale observations to inform calculations and monitor
GHG emissions in response to land management actions.
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Peatland mapping and monitoring - Recommendations and technical overview

Landscape-scale observation of peat surface elevation change

LiDAR (light detection and ranging) uses a laser to produce and emit pulses of light, and measures the time it takes for a reflection
of this pulse to return. Most commonly, the LiDAR system is carried by a fixed-wing aircraft, and in addition to the laser-emitter-
receiver scanner, LIDAR systems are also connected to a global positioning system (GPS), and an inertial measurement unit (IMU).
The GPS constantly measures the position of the laser scanner, which is crucial for knowing the location where the light pulses
are emitted. The IMU measures the tilting of the aircraft (roll, pitch, yaw), which is crucial for calculating the directionality of the
aircraft and hence the directionality of the emitted pulses of light.

The easiest way to understand how LiDAR works is to examine the life of a single emitted pulse of light. The pulse of light is
a clump of time-stamped photons emitted with known directionality. As this pulse contacts a surface (e.g. a leaf in the forest
canopy), a portion of those photons s reflected back towards the laser. The laser-emitting device recognizes these time-stamped,
reflected photons and calculates the time between their initial emission and their reflected return, alternatively called their echo
(i.e. an echo was received from the emitted pulse). Next, the device calculates the location from where the echo originated. This
is possible because pulse speed (i.e. the speed of light), pulse origin (location of emission), pulse directionality, and pulse travel
time are known values, making it a simple geometry problem to calculate the location of the echo.

Light pulses frequently yield multiple echoes because not all of the photons are reflected by the first surface they contact.
Instead, some continue through semi-transparent surfaces before contacting something else and delivering another echo.
Therefore, whereas the first echo comes from the highest surface encountered by the pulse, for example the top of the canopy,
the final echo from a given pulse comes from the last surface hit by the remaining photons. Most often, this is the ground, butin
a dense forest, such as in the tropics, the last pulse can come from inside the canopy as well.

In addition to the location, the device also records the intensity of the returning echo. The intensity is higher if the pulse hits a solid
surface, because more photos reflect back (ground vs forest canopy). Modern LiDAR systems can emit up to 800 000 pulses per
second. Each pulse can yield multiple echoes, and for each of these locations the echo is recorded. The result is generally
referred to as point cloud data; a cloud of points, all of which have an XYZ-location (coordinates). When the data are plotted, the
structure of the scanned target can be visualized.

LiDAR has the capability to detect both surface water level in canals and ground surface level near canals, allowing the canal
water depth to be determined below the land surface. Although water typically absorbs the LIDAR near-infrared wavelength
of 1 064 nm (Hofle et al,, 2009; Roelens et al, 2016), reflections of the pulse do occur on the water surfaces caused by low
incidence angles and water turbidity among other factors, but also by floating debris and/or plants.

Detection of water surfaces is an essential step in many classification workflows for LIDAR, often to remove them from the dataset
to create a digital terrain model that should present the land surface only. In a few cases, point cloud LiDAR data have also been
used for surface water level measurement in ditches and rivers (Hofle et al, 2009; Hopkinson et al, 2011; Roelens et al., 2016).

These principles can be applied to determine the absolute water surface elevation above MSL, as well as the level below the
surrounding soil surface, i.e. the “freeboard” that is a common target parameter in lowland water management.

ANALYTICAL TOOLS TO ESTIMATE
CARBON BALANCE AND GREENHOUSE GASES

All the following tools have parts and/or potential applications
for different types of peatlands.

afforestation, reforestation, agroforestry, cropland management,
grazing land management, and forest degradation by fuelwood, in
order to develop and support policies. The calculator is designed for
forested landscapes with potentially decreasing carbon stock.

The calculator has several parts, and one of them, “"AFOLU carbon
calculator - The Forest protection tool: underlying data and methods”
(Winrock International, 2014), when used for peatlands, computes

| AFOLU Carbon Calculator

The AFOLU Calculator by USAID employs IPCC-based accounting
methods that allow users to estimate the CO, fluxes of eight types
of land-based activities: forest protection, forest management,
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emissions from deforestation, fire and logging that can then be
compared with, for example, a REDD+ conservation scenario. Activity
data used for calculations include, as appropriate, annual area
deforested or burnt (ha), annual volume of wood illegally extracted



(cubic metres/hectare), percentage area of peat, depth of peat
drainage (metres) and depth of peat burning (metres). The carbon
stocks include the live tree biomass (above and belowground) and
soils (including peat). The technical area of peatland monitoring has
developed rapidly since the calculator was published, and therefore
some updates would be needed. As two areas for development, the

tool should take into account the soil carbon stock after deforestation,

as well as including soil carbon in belowground carbon counting.

CarboScen

CarboScen simplifies the quantification of GHG fluxes and allows

the study of temporal carbon trends based on land-use data only.
CarboScen has a comparative advantage in landscapes with rapid
land use change but gradual changes in carbon density, such as in
soil carbon if biomass change is sudden, as typically occurs during
deforestation. Distinct uses range from educational to rapid expert
assessments, typically simulating future carbon stocks in a landscape.
CarboScen could be used in future carbon calculations when planning

Chapter 4 — Examples of monitoring tools and approaches

: or releasing advance payments in REDD+ or other programmes aiming
: toincrease ecosystem carbon. The main payments are then typically

released only after results are documented in the field. CarboScen

: could naturally also be used to compute prior landscape carbon
. dynamics. CarboScen has been used to simulate various land use
: scenarios for peatland activities in Indonesia.

: Access the tool online: www.cifororg/gcs/toolboxes/carboscen

EX-Ante Carbon Balance Tool

The Ex-Ante Carbon-balance Tool (EX-ACT) is an appraisal system
developed by FAQ, providing estimates of the impact of agriculture,
forestry and fishery development projects, programmes and policies
. on the carbon balance. The carbon balance is here defined as the

net balance of all GHGs from peatlands (CO,, CH,, N,0 and DOC),

expressed in carbon dioxide equivalent (CO,eq) that are emitted
: or sequestered due to project implementation, as compared
: with a business-as-usual scenario.

SEPAL - platform for land monitoring

The System for Earth Observation Data Access, Processing and Analysis for Land Monitoring (SEPAL) is an online, open-source
platform that allows users to query and process satellite data and undertake a range of geospatial analyses tailored for different
needs. Field monitoring data can be processed through SEPAL's integrated tools by combining optical satellite-based time series
analysis with radar-based soil moisture estimates and trends. Specific state-of-the-art peatland restoration monitoring modules
are being developed by FAO and partners and are accessible in SEPAL.

SEPAL is a powerful cloud-computing platform for autonomous land monitoring, which uses remotely sensed data to readily
process satellite data efficiently to generate advanced geospatial and statistical analyses (e.g. uncertainty). Notable innovations
of the platform include:

» improved data access;

+ system for rapid and standardized image processing;

» cloud-based processing capacity;

» powerful and useful open-source tools; and

« effective userinterface that operates smoothly without the latest computers or high-speed internet connection.

Given that SEPALis based on open-source code, it can easily be tailored for different users and countries, with their own working
areas. In Indonesia, tailored modules are integrated into and accessible through SEPAL. The modules include the following
workflows based on up-to-date, scientific methodology:

+ dam detection with high-spatial resolution optical imagery;
+ time-series analysis of field-based observations;
+ time-series analysis of optical spectral indices; and

» radar-based surface soil moisture estimates and trends over time.

Access the tool online: https:/sepal.io
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EX-ACT is a land-based reporting system, estimating emissions or sinks
of CO, in all five carbon® pools as well as GHG emissions per unit of
land, expressed in tonnes of C0,eq per hectare and year. The tool helps
project designers to estimate and prioritize project activities with the
greatest economic benefit and potential for climate change mitigation.

The tool can be applied to a wide range of land-based developments,
as well as other projects concerned with climate change mitigation,
watershed development, production intensification, food security,
livestock, forest management or land use change. It is cost-effective,
requires a comparatively small amount of data, and is equipped

with useful resources such as tables, maps and FAOSTAT data. While
EX-ACT is mainly used at the project level, it can easily be scaled up to
programme or sector level and can also be used for policy analysis.
The World Bank and International Fund for Agricultural Development
already use EX-ACT to estimate the carbon balance of projects prior to
their implementation. For emission factors and carbon stock, EX-ACT
primarily incorporates the IPCC 2006 Guidelines, augmented by the
2013 Wetlands Supplement (IPCC, 2014a) and complemented by other
methodologies.

Palm GHG Calculator

The Roundtable on Sustainable Palm Qil (RSPO) has guidelines to
estimate the carbon stock changes (above and belowground) and GHG
emissions that occur with land cover change to oil palm, peat drainage,
and emissions from mills and operations. The quidelines see land use,
peat oxidation, and chemical fertilizers as the largest sources of GHG
emissions in a plantation.

The tool, known as the RSPO PalmGHG Calculator (version reviewed:
2018) is used to quantify annual net GHG emissions in CO,eq per hectare
and per unit of product and is a crucial component of the RSPO GHG
Assessment process. It allows oil palm growers to identify crucial

areas in their production chain and thereby guide emission reduction
opportunities. The tool's manual does not mention emissions from fires
on oil palm plantations on peatlands.

All important GHGs (C0,, CH, and N,0) from peatland degradation are
included in the RSPO calculator. Sources of quantified emissions in

this tool include peat decomposition, land conversion, manufacture of
fertilizers and transport to the plantation, fertilizer application, fossil
fuel combustion in the field and mill and palm oil mill effluent. Three
classes of emission reduction are addressed: (i) carbon sequestration
by oil palm growth; (ii) carbon sequestration by forest/vegetation
growth in conservation areas; and (iii) avoided GHG emissions when mill
energy by-products are sold to cement industries to displace fossil fuels.

8 The five pools include: aboveground biomass, belowground
biomass, dead wood, litter and soil organic carbon.
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Chapter 5

Existing frameworks

for peatland reporting
and verification

by Julian Fox, Kai Milliken, Maria Nuutinen,
Esther Mertens and Marieke Sandker

Several global frameworks, conventions and multilateral
environmental agreements (MEAS) require, or at least encourage,
national and other stakeholders to monitor and report on their
peatlands. This chapter gives an overview of the specific parameters,
indicators and/or reporting requirements of these frameworks.

It illustrates the cross-cutting nature of peatlands: nearly all the
frameworks overlap, so that the so-called “integrated frameworks"
(here covering SDGs, DRR and the Ramsar Wetland Convention),
encourage the monitoring of many climate-related peatland topics,
as well as the means to tackle fire. Although this report focuses

on mapping and monitoring for climate purposes, biodiversity
indicators are listed to show the overlaps with both climate

change mitigation and adaptation indicators. The multitude of data
requirements demonstrates the need for integrated and harmonized
mapping and monitoring, which would allow for cost-effective,
targeted reporting on peatlands without unnecessarily burdening
countries and other stakeholders.

The Sustainable Development Goals
9 that require peatland monitoring

RESPONSIBLE
CONSUMPTION
ANDPRODUCTION

GLEANWATER 1
AND SANITATION

1 CLIMATE 1 LIFE

ACTION ON LAND
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INTEGRATED ASSESSMENT FRAMEWORKS

Sustainable Development Goals:
indicators and reporting

© In 2015, the United Nations adopted the 2030 Agenda for Sustainable
Development, including a set of 17 aspirational SDGs to eradicate
poverty, protect the planet, and ensure prosperity for all (UN, 2019b).
Peatland monitoring for appropriate management and conservation
overlaps with many of the SDGs, but is particularly relevant to:

e (oal 6: Ensure availability and sustainable management
of water and sanitation for all;

e (oal 12: Ensure sustainable consumption and production
patterns;

e Goal 13: Take urgent action to combat climate change
and its impacts;

* Goal 15: Protect, restore and promote sustainable use
of terrestrial ecosystems, sustainably manage forests,
combat desertification, and halt and reverse land
degradation and halt biodiversity loss (Figure 15).

: The 17 SDGs encompass 169 targets with 232 indicators monitored

: through the SDG Tracker (Ritchie et al. 2018). The UN invites Parties to
collaboratively develop “the most complete and up-to-date sources

: for tracking global progress to 2030".

Table 4 gives some examples of SDGs targets, definition of goals,
indicators and monitoring parameters that can be fulfilled through
peatland mapping and monitoring.

© Table 7 (Annex) summarizes how peatland degradation and
restoration can hinder or advance the achievement of selected SDGs.




Table 4
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Examples of SDG targets, definition of goals,
indicators and potential monitoring parameters related to peatlands

Definition of the goal

Indicators

Potential peatland
: monitoring parameters

13 Take urgent action to
combat climate change and
its impacts.

¢ 13.1: Strengthen resilience
i and adaptive capacity to
i climate-related disasters.

By 2030, strengthen
resilience and adaptive
capacity to climate-related
hazards and natural
disasters in all countries.

Number of deaths, internally
displaced persons, missing
persons, and total numbers
affected by natural
disasters.

Losses caused by peatland
fires and flooding.

15 Protect, restore and
promote sustainable use
of terrestrial ecosystems,

sustainably manage forests,

combat desertification,
and halt and reverse land
degradation and halt
biodiversity loss.

15.1: Conserve and restore
: terrestrial and freshwater
i ecosystems.

By 2020, ensure the
conservation, restoration
and sustainable use of
terrestrial and inland
freshwater ecosystems

and their services, in
particular forests, wetlands,
mountains and drylands, in
line with obligations under
international agreements.

The proportion of total
terrestrial area designated
as protected;

The proportion of important
sites for terrestrial and
freshwater biodiversity that
are covered by protected
areas, by ecosystem type.

The proportion of all
peatlands that is conserved.

The proportion of all
degraded peatlands that is
restored.

15.3: End desertification and
i restore degraded land.

The Sendai Framework for
Disaster Risk Reduction

Floods and fires on peatlands are often manufactured issues

caused by unsustainable management, particularly drainage. The
Sendai Framework for Disaster Risk Reduction 2015-2030 (SFDRR)
(UNDRR, 2020) is a voluntary, non-binding agreement that aims to
achieve a substantial reduction of disaster risk and losses in lives,
livelihoods and health, and in the economic, physical, social, cultural
and environmental assets of persons, businesses, communities

and countries within 15 years. Related to peatlands, the framework

recognizes that:

* poor land management, unsustainable use of natural
resources and degrading ecosystems are driving forces of

natural disaster risk;

e disasters cause environmental impacts and loss of natural

capital; and

e countries should bolster the sustainable use and
management of ecosystems for building resilience to
disasters.

By 2030, combat
desertification, restore
degraded land and soil,
including land affected by
desertification, drought and
floods, and strive to achieve
a land degradation-neutral
world.

Proportion of total land area
that is degraded.

Proportion of the total
original peatland area that
is degraded.

No data available for
monitoring the indicator.

The SFDRR underlines the need to safequard and restore
ecosystems as a vital strategy to offset natural disasters.
Strengthening country capacity to use ecosystems in DRR and

management is particularly pertinent to peatlands and other
wetland ecosystems, as 90 percent of disasters are induced by
water-related hazards (UNDRR, 2015).

Between 1979 and 2015, the area of marine, coastal and inland
natural wetlands declined 35 percent (Ramsar, 2018). Loss of
peatlands, as well as most other wetland areas, aggravates the
risks from storms and floods, whereas well-managed peatlands help
to minimize such damage. Coastal peatlands, such as mangroves,

protect against flooding and serve as buffers against saltwater
intrusion and erosion. Inland wetlands such as floodplains, lakes

and peatlands absorb and store excess rainfall, which reduces

flooding and delays the onset of drought by storing water

(UNDRR, 2017). Peatland fires, in particular, underline the necessity

for peatland mapping and monitoring to assess whether the global
targets of the Sendai Framework are being reached. The SFDRR is
expected to be renewed after 2019.




The Ramsar Convention on Wetlands

The purpose of the Ramsar Convention on Wetlands (Ramsar, 1971)

is to ensure “the conservation and wise use of all wetlands through
local and national actions and international cooperation, as a
contribution towards achieving sustainable development throughout
the world". Currently, the Convention has 170 contracting parties

and 2 331 designated wetlands of international importance, which
cover approximately 2.1 million km? (Ramsar, 2018). The Convention
recognizes the importance of peatlands for climate change mitigation
and calls upon countries to minimize degradation and promote
restoration and wise management of peatlands and other wetland
types that are significant long-term carbon stores or have the ability
to sequester carbon. Under the fourth strategic plan, Ramsar Parties
are committed to:

e addressing the drivers of wetland loss and degradation;

o effectively conserving and
managing the Ramsar Site Network;

 wisely using all wetlands; and

e enhancing implementation.

As a potential start to a peatland monitoring framework, the Parties
to the Ramsar Convention approved detailed Guidelines for Global
Action on Peatlands (Ramsar, 2002). Related to peatland mapping and
monitoring, their recommendations are:

» to establish a global database containing ecological and
carbon-related information on peatlands and mires;

¢ to monitor the quantity and quality of
the peatland resources;

* to develop a globally standardized peatland terminology
and classification; and

* toreview national networks of peatland protected areas
to guarantee the conservation of all peatland biodiversity.

The Ramsar Convention offers a framework for describing wetlands,
carrying out inventories, assessment, and monitoring and reporting
activities for designated Ramsar sites. Its implementation promotes
the conservation and wise use of wetlands, as well as cross-border
collaboration. The Convention's integrated framework for wetland
inventory, assessment and monitoring (Ramsar, 2010) contains very
similar monitoring parameters for climate purposes, and mapping
is a cross-cutting activity:

e establishing the location and ecological characteristics
of wetlands (baseline inventory); and

e assessing and monitoring over time the status, trends
and threats to wetlands.
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In addition, the framework encourages action to halt negative

: changes. Parties to the Convention submit national reports
:once every three years, including information on changes

© (condition, area, role in adapting to or mitigating climate change)
© in wetlands (Ramsar, 2016).

THE UNITED NATIONS FRAMEWORK
CONVENTION ON CLIMATE CHANGE

The main objective of the United Nations Framework Convention on

: Climate Change is to Iprevent dangerous anthropogenic interference
: with the climate system within a time frame sufficient to allow

: ecosystems, food and economic systems to adapt to climate change

© (UNFCCC, 1992). The Convention requires Parties to report on
:anthropogenic emissions, adaptation actions, as well as the technical
©and scientific support to other countries in a transparent manner®

© under a framework of monitoring and reporting requirements

© that is evolving (UNFCCC, 2019b).

Under the Paris Agreement (Article 5.1), the signatory parties have
agreed to “take action to conserve and enhance, as appropriate,
sinks and reservoirs of greenhouse gases". One significant way for
countries to integrate peatlands into their climate action is to add

: them to their nationally determined contribution (NDC) report, which
: is updated reqularly. To date, only a few countries have explicitly

: integrated peatlands in NDCs: their next revision in 2020 will offer an
: opportunity to enhance ambition.

Reporting

The IPCC, an independent United Nations body for assessing climate
: change science, cooperates with the UNFCCC in preparing guidance

. on reporting methodologies. Regarding peatlands, the key document
© guiding countries in GHG reporting is the IPCC 2013 Wetlands

: Supplement (IPCC, 2014a).

The IPCC has suggested that the category of agriculture, forestry
and other land use (AFOLU) should be used to report carbon

: removal as well as reduction of GHG emissions. The AFOLU category
© would, therefore, cover the majority of peatland-related emissions.

© Countries are, however, currently reporting their peatland emissions
© under various means, through yearly GHG inventories under AFOLU,
agriculture, or energy categories, or under the REDD+ framework.

© % The reporting procedures are being developed in an Enhanced
: Transparency Framework.
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Many, if not all, REDD+ countries contain peatlands, and only a few
have reported GHGs attributable to their peatlands either through
REDD+ or NDC frameworks (e.g. Burundi, Indonesia, Rwanda, Uganda,
and Uruguay). The REDD+ reporting framework requests Parties

to also cover economic and social matters through safequards

(e.g. concerning gender and indigenous peoples), as well as
environmental co-benefits such as biodiversity conservation and
water resource preservation. By 2019, 40 countries had submitted a
forest reference (emission) level (FREL/FRL) to the UNFCCC, but only
two of these countries, Indonesia and Malaysia, report on emissions
from peatland drainage (FAQ, 2019). Indonesia reports emissions for
the year 2012 at 47 percent of total CO, emissions from deforestation
and forest degradation, including peatland drainage (MoEF and
Government of Indonesia, 2016), illustrating how significant these
emissions can be.

The annual emissions from drained organic soils under different
land use are estimated to be responsible for 1-2 gigatonnes of C0eq,
including emissions from microbial oxidation and fires (IPCC, 2014a;
Joosten et al., 2016; Leifeld and Menichetti, 2018). However, an update
of these data is urgently needed. Following the IPCC 2013 wetlands
supplement, the reporting scope includes GHG emissions from
drainage-induced peat oxidation®, erosion, peat extraction and fires,

as well as emission reductions achieved through peatland restoration.

The IPCC 2013 wetlands supplement provides:

e asummary of emission factors and supplementary
guidance for drained organic soils that can occur under
all six IPCC land use categories, as well as an update for
fire on organic soils; and

e quidance and emission factors for rewetted organic soils
used for forestry, crop production or other purposes.
The emission factors are generally stratified by climate
(boreal, temperate, and tropical), peat type separated
between “nutrient-rich” fen peat and “nutrient-poor”
bog peat; drainage level (deep or shallow) and inland and
coastal organic soils.

As a major difference to deforestation, peat emissions are unique, as
they are not calculated based on a one-off deforestation or drainage
event. Rather they continue emitting over longer periods until either
the peatland reverts to a water-saturated wetland condition, or the
peat material is completely lost to oxidation.

Adaptation and resilience

National Adaptation Plans (NAPs) allow Parties to the Convention on
Climate Change to identify medium and long-term adaptation needs
and to develop and enact strategic programmes and related budgets

to address these needs.

While there are no established indicators under the UNFCCC, for
example, to measure vulnerability, adaptive capacity or resilience, the
NAP framework contains guidance on how to “monitor and evaluate”

the NAPs to ensure that they are addressing key issues in different

sectors, including land use, land use change and forestry (LULUCF).
Given that peatlands can support ecosystem-based adaptation (EbA),
recent developments in EbA monitoring can be helpful to countries,
although monitoring is not obligatory.

EbA encompasses the use of biodiversity and ecosystem services into
an overall strategy to help society adapt to the deleterious impacts of
climate change. It incorporates a variety of ecosystem management
activities to increase resilience and reduce vulnerability of people
and the environment, including the following, which can include
activities on peatlands:

e sustainable water management to provide water storage
and flood requlation services;

e disaster risk reduction, such as restoration of coastal
peatlands as a buffer against storms and erosion; and

 strategic management of shrublands and forests to limit
the frequency and size of fires.

Challenges

Climate reporting is a challenging task and wide
capacity-development is ongoing for most sectors for harmonized
reporting (FAQ, 2020a). Many countries have therefore requested

to make the IPCC guidelines more accessible. In addition, the Tier
- Temission reference figures for tropical countries in the IPCC 2013

wetlands supplement were based on relatively few studies".

10 In the first few months or years after drainage, the peat surface
subsides rapidly through peat compression (compaction and
consolidation) and oxidation. During this transition phase, emissions
are far higher than the default emission factors stipulated by the IPCC
(Hooijer et al, 2012).

. 1t Different methods can be used to estimate emissions or removals
. from most source and sink categories. The selection of a particular
¢ method will depend on the desired degree of estimation detail, the

availability of activity data and emission factors, and the financial
and human resources available to complete the inventory. In IPCC

* terminology, the lowest ranking or simplest method is “Tier 1", while

more elaborate methods are “Tier 2" and "Tier 3".
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There is an urgent need to support countries in (I) measuring

GHG emissions to establish relevant reference emissions levels

for different areas, and (Il) defining national peatland parameters

(e.g. drainage levels) to calculate emissions (e.g. using the 2013 wetlands
supplement). Simple quidelines, manuals and training materials should be
prepared to enhance understanding of the IPCC guidance, and to provide
options to move to Tier 2 reporting (which is mandatory when peatland
emissions are one of the key categories). Currently, most countries do
not report peatland emissions at all, and the latest estimations by Annex |
countries” vary in approach (see e.g. Barthelmes et al., 2018).

FIRE MONITORING INITIATIVES

There are no specific international agreements on fire. However,
given significant peatland fire challenges faced by several countries,
different monitoring approaches have been developed over some
decades. This section summarizes some potential frameworks and
considerations related to the mapping and assessment, as well as
monitoring and reporting, approaches.

At the global level, institutionalized frameworks in which peatlands
could be incorporated include the Global Fire Monitoring Centre
and the Global Wildlife Fire Network, both voluntary networks that
provide policy advice and facilitate technology transfer to enable
nations to effectively:

¢ reduce the negative impacts of landscape fires on the
environment and humanity; and

e advance knowledge and application of the ecologically
and environmentally benign role of natural fire in
fire-dependent ecosystems, and sustainable application of
fire in land use systems.

The Southeast Asia region (see Case study: Southeast Asian Nations
and regional haze monitoring case below), as well as Indonesia,
have paved the way. Indonesia coordinates an International
Peatland Fire Network under the Regional Fire Management
Resource Centre. The overarching aim of the centre is to contribute
to evidence-based political decisions and the development of
relevant fire policies for Indonesia.

It is important to note that fire on peatlands is not restricted to
tropical countries; fires on peat are a widespread occurrence
in high-latitude peatlands. Although partly natural, their

- frequency and severity are predicted to increase as a result of

climate change and the increasing presence of humans within
many landscapes (Turetsky et al., 2014). Fire is also used as a
land-management tool in some Northern peatlands, such as those
in Britain, although this is becoming increasingly controversial
(Baird et al., 2019; Marrs et al., 2019).

Fire monitoring needs

The surface of an intact, undrained peatland has a lower probability

of sustaining a fire, because it is usually too wet. However, loss of
moisture from the upper peat layer, both by natural climatic variation

:and anthropogenic disturbance, increases the risk of fires. In various

peatland locations, fire is used as a management tool, but many
peatland fires are a direct consequence of land use change and
disturbance of the natural ecosystem, including drainage and land
clearing by fire. Drainage, deforestation and abandonment (stopping

of active management) greatly increase the risk of ignition and severe
burning of both vegetation and peat. Some of the most extensive
peatland fires of the past two decades have occurred on peatlands that

were either being used for agriculture, or were in the process of being

converted to agricultural use - e.g. Russian Federation (UNFCCC, 2020),
Canada (McMaster University, 2018) and Indonesia (Page ef al., 2002).

Research and observation have already characterized risk factors in
peat igniting. The GWL needs to be sufficiently low, and a low rainfall
period needs to be sufficiently long, for the surface layer (0-20 cm)
of peat to dry out. Fires rarely if ever start deeper in the peat layer.
Surface fires burning in heavier and coarser fuels with slower rates of

spread and longer (one to two hours) residence times allow fire to move
© from above ground into the peat (Adinugroho et al., 2005; ASEAN, 2009;

Frandsen, 1997: Rein et al., 2008; USUP et al., 2004).

Peat fires are a particularly large source of carbon emissions into the

:atmosphere when compared with the combustion of aboveground
: vegetation, because they can persist for long periods (weeks to months)
and consume a considerable thickness of peat (0.5 m thick block

of peat contains more carbon per square metre than an equivalent

area of pristine tropical rain forest on mineral soil, i.e. around

: 25kg carbon per m?)®, Also important for the type of emission is
. whether the fire is flaming on the surface or smouldering within

: the peat. Smouldering fires are particularly difficult to extinguish
:as they can burn even under snow.

2 Annex I Parties to the UNFCCC include the industrialized countries
that were members of the Organization for Economic Co-operation
and Development in 1992, plus countries with economies in transition
(EIT), including the Russian Federation, the Baltic States, and several
Central and Eastern European states. Most non-Annex I Parties are
developing countries.
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GHG emissions from peat have added complexity due to the way peat
burns, what is burnt and what is emitted. The parameters to assess
GHG emissions from fires are (i) the area burnt, (ii) the patchiness

of the burn, (iii) the fuel load, (iv) the combustion factor (fire
intensity), and (v) the emission factors for GHG emitted per unit

of dry matter combusted (i.e. actually burnt) (IPCC, 2014a).

Fire emissions estimates tend to be simplistic, applying conservative
default values for the data required.

Peat fire emissions may pose significant health risks, even at a
regional level. Tropical peat fires emit per unit of carbon combusted
as much as three to six times more fine, unhealthy particulate
matter (“black carbon”) than fires on grasslands and forests
(Turetsky et al., 2014), and have been implicated in large numbers

of premature deaths from respiratory illnesses (Koplitz et al., 2016).
This emphasizes why peatlands should be incorporated in national
and international fire frameworks and management programmes to
coordinate efforts to prevent peat-related fire hazards and emissions
(see more on fire monitoring on p. 42).

Case study: Southeast Asian Nations
and regional haze monitoring

In 1997, forest and peatland fires were widespread across Southeast
Asia. Around 24 000 km? of peatland were burnt, releasing an
estimated 2.9-3.5 gigatonnes of CO,eq (Page et al., 2002). These

fires were the result of the interference of a prolonged period of
drought, driven by EI Nifio-Southern Oscillation (ENSO), with the
presence of drained and deforested peat swamp forests. In response

: to this widespread environmental crisis, the ASEAN Agreement on
: Transboundary Haze Pollution (AATHP) was signed in 2002 by ASEAN

Member States to reduce haze pollution in the region.

The Regional Haze Action Plan calls for measures to prevent and

monitor land and forest fires and increase fire-fighting capacity.

It requires neighbouring countries to assist with the mobilization
of personnel and equipment to combat ongoing fires and obliges
countries where fires originate to respond promptly and provide
information and data to other countries.

© The ASEAN Specialized Meteorological Centre (ASMC), has been

supporting fire monitoring since 1993. Under the ASEAN Regional
Haze Action Plan, the ASMC was tasked to monitor and assess land
and forest fires and the occurrence of transboundary smoke and
haze affecting the region. Peatlands that occur within these nations
are particularly vulnerable to fires, under the influence of prolonged

5 drought induced by the EI Nifio climate cycle and/or in combination

with a positive Indian Ocean dipole, which also triggers extended
periods of low rainfall in parts of the region (Abram et al., 2008). This
highlights the importance of ASMC, in conjunction with national and
local meteorological agencies, to identify incipient fires and map
high-risk zones using (drained) peat area as a predictive proxy.

The indicators of the implementation of the ASEAN “Haze-free

roadmap" consist of:

 anincrease in the number of days with good or moderate
air quality in terms of defined pollutant standard or air
quality index;

Peat-related components of the Association of Southeast Asian Nations' roadmap

Strategy 1 : Implementation of the ASEAN Agreement on Transboundary Haze Pollution (AATHP)
Strategy 2 : Sustainable management of peatlands for peatland fire prevention
Strategy 3 : Sustainable management of agricultural land and forest for large-scale forest and/or land fires prevention
Strategy 4 Strenqthening policiesl, laws, regulations and their imp!ementation, ipcludinq facilitating exchange of experience
and relevant information among enforcement authorities of the parties
Strategy 5 : Enhancing cooperation, exchange of information and technology, and strengthening of the capacity of institutions at all levels
Strategy 6 : Enhancing public awareness and cross-sectoral and stakeholder participation
Strateqy 7 : Securing adequate resources from multi-stakeholders for transboundary haze preventionW
Strategy 8 : Reducing health and environmental risks and protection of the global environment
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e areduction in the number of hotspots that are below a
defined alert level under the ASEAN standard operating
procedure on haze; and a decrease in the area subject to
transboundary haze pollution.

These indicators are framed in the following strategic components
that translate the principles of the AATHP into specific collective
actions under a roadmap (Table 5).

Focus of monitoring

The standard operating procedure provides guidelines for the
implementation of monitoring and assessment and joint emergency
response under the AATHP. Monitoring is focused on (i) all fire-prone
area; (ii) all land and/or forest fires; (iii) environmental conditions
conducive to such land and/or forest fires; and (iv) haze pollution
arising from such land and/or forest fires, following respective
national procedures.

Early warning, early action

To mitigate fire-related problems and fire-suppression costs,

forest and land management agencies, including landowners and
communities, require early warning systems of extreme fire danger
conditions that may lead to uncontrolled wildfires. Early warning
allows fire managers to systematically implement prevention,
detection and suppression before the fire appears. Fire danger
information is provided by satellite data that identify hotspots for
early detection, in conjunction with spectral data on land cover and
fuel conditions. Such information is particularly relevant to peatlands
as they hold a combustible fuel load that may support devastating
fires and should be incorporated into early action frameworks in
countries where peatlands are prevalent.

THE CONVENTION ON
BIOLOGICAL DIVERSITY

The Convention on Biological Diversity (CBD) currently monitors

the implementation of a Strategic plan for Biodiversity for

the 2011-2020 period, including the Aichi Biodiversity Targets.

The Strategic plan provides an overarching framework for all
biodiversity-related conventions, including the entire United Nations
system and all other partners engaged in biodiversity management
and policy development. Parties to CBD will negotiate new targets
before the end of 2020.

Peatland mapping and monitoring can contribute to monitoring the
current Aichi Biodiversity Targets as well as the future framework.
Table 6 shows the main indicators that can help to design peatland
mapping and monitoring activities.
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FOREST AND LANDSCAPE
RESTORATION INITIATIVES

There are several initiatives encouraging countries to advance forest
:and landscape restoration, such as the African Forest Landscape

: Restoration Initiative; Initiative 20x20 for Latin America and the

: Caribbean; the UN Decade on Ecosystem Restoration (2021-2030)
©and the Bonn Challenge. All these initiatives promote the monitoring
: of landscapes throughout the restoration process, including their
©ecological and socio-economic characteristics.

© The Bonn Challenge is a global initiative to restore 150 million

© hectares of the world's degraded and deforested lands by 2020,
©and 350 million hectares of degraded ecosystems by 2030, as

© wellas mitigating climate change. It is underpinned by the forest

landscape restoration (FLR) approach that aims to restore ecological

integrity while improving human well-being using multifunctional

landscapes. Restored peatlands were acknowledged as one of the

ecosystems that could be forested under the Bonn Challenge (Besseau,
: Graham and Christophersen, 2018).

FLR is being monitored using a variety of indicators. Using the Bonn
Challenge Barometer, IUCN and partners are looking at a certain

© set of indicators to monitor restoration, ranging from policies
:and institutional arrangements to financial flows and planning,

© and suggest a monitoring and evaluation framework defined by

© the stakeholders. This might include remote-sensing tools or

© national restoration monitoring platforms within a national forest
monitoring system (NFMS).

: Related to peatland restoration monitoring, the Bonn Challenge uses
the following indicators of results and benefits achieved:

e hectares under restoration;

e climate impacts both in terms of mitigation* and
adaptation;

 biodiversity impacts following the Aichi Targets and
the World Database of Key Biodiversity Areas and other
protected areas where FLR activities take place; and

* socio-economic impacts with a focus on jobs created.

© The Bonn Challenge barometer also underlines synergies with existing
reporting requirements, aiming to reduce the reporting burden on
- countries (Dave et al., 2019).

¢ ¥ Note that the monitoring and evaluation framework currently

. considers only cumulative tonnes of CO, sequestered through

FLR activities since 2010, thereby excluding emissions avoided through
:  peatland restoration.
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Peat-related Aichi biodiversity targets and relevant indicators

Aichi biodiversity target

Target 5: By 2020, the rate of loss of all natural habitats, including
forests, is at least halved and where feasible brought close to zero, and
degradation and fragmentation are significantly reduced.

Peat-related indicator, trends in:
The extent of natural habitats other than forest

Degradation of forest and other natural habitats

Extinction risk and populations of habitat specialist
species in each major habitat type

Target 11: By 2020, at least 17%of terrestrial and inland water, and 10%of
coastal and marine areas, especially areas of particular importance for

biodiversity and ecosystem services, are conserved through effectively

and equitably managed, ecologically representative and well-connected
systems of protected areas and other effective area-based conservation
measures, and integrated into the wider landscapes and seascapes

Area of terrestrial and inland water areas conserved

Area of coastal and marine areas conserved

Areas of particular importance for biodiversity conserved

Areas of particular importance for ecosystem services conserved
Ecologically representative areas conserved

Areas with effective and/or equitable management conserved

Connectivity and integration of conserved areas

Target 14 - By 2020, ecosystems that provide essential services,
including services related to water, and contribute to health, livelihoods
and well-being, are restored and safequarded, taking into account the
needs of women, indigenous and local communities, and the poor and
vulnerable

Safeguarded ecosystems that provide essential services

The degree to which ecosystem services provide for the needs of women,
indigenous and local communities, and the poor and vulnerable

Target 15 - By 2020, ecosystem resilience and the contribution of
biodiversity to carbon stocks have been enhanced, through conservation
and restoration, including restoration of at least 15% of degraded
ecosystems, thereby contributing to climate change mitigation and
adaptation and to combating desertification

Carbon stocks within ecosystems.

The UN Decade on Ecosystem Restoration 2021-2030 is likely to
use many approaches currently developed being for FLR, including

peatland restoration monitoring and land degradation neutrality (LDN),

a new concept introduced by the UNCCD in 2015.

The UNCCD is a legally binding international agreement linking the
environment and development to sustainable land management. The
Convention specifically focuses on arid, semi-arid and dry sub-humid
zones (drylands). The UNCCD 2018-2030 Strategic Framework is a
comprehensive global commitment to achieve LDN to avoid new
degradation as well as restore the productivity of large areas of
degraded land, including all land types while improving livelihoods.

Source: CBD, 2016

A set of countries are restoring previously drained peatlands as part
of their voluntary commitment to achieving LDN. The LDN reporting
indicators were still to be finalized at the time of writing, but a draft
version contains the indicators and associated GHG emission metrics.
The following are related to peatlands: land cover (assessed as land
cover change), and carbon stocks (assessed as soil organic carbon,
SOC), as in Parties' reqular reporting to the UNCCD. In addition,
Parties are requested to identify ongoing land degradation, including
gullying and coastal inundation, for example, and the drivers of land
degradation, including unsustainable land use practices, such as
overgrazing - both also relevant to peatlands (GEF, 2019).
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Chapter 6

Country case studies

by Maria Nuutinen, Felix Beer
and Laura Villegas.

Various countries have advanced with mapping and monitoring peatlands. Progress with peatland mapping
methodologies has helped in the discovery and mapping of new peatlands - especially in the tropics - that are significant
for climate change mitigation and adaptation efforts. Peatland monitoring, on the other hand, is being explored by a
small number of countries that have started the integration of peatlands into national monitoring systems. However,

in most cases it is still a work in progress to further define monitoring needs and objectives and choose the most
appropriate tools that would allow the continuous improvement of management and restoration strategies.

The country case studies are useful for understanding different approaches to the use of existing peatland information,
as well as identifying needs and challenges to be faced while dealing with climate change action in peatland landscapes.

° INDONESIA: NEW MONITORING METHODS AND CHALLENGES

by Bambang Arifatmi, Muhammad Askary Masjkur, Maria Nuutinen,
Adam Gerrand and Laure-Sophie Schiettecatte

Highlights of peatland mapping and monitoring in Indonesia
Establishment of an institutional framework for peatland monitoring
Indonesia has made international commitments, reported to the UNFCCC and has developed policies at various levels.

The “One Map” policy intends to harmonize different maps into a set of officially acknowledged
national maps, including a peatland layer.

The Indonesian Peat Prize was given in 2018 to a team that had developed a method to map the extent and depth
of the country’s peatlands. This method is ready to be applied across all peatlands to support the government to
achieve restoration and fire reduction goals.

Development of the Peatland Ecosystem Protection and Management Plan that
guides peatland protection and monitoring.

Implementation of the peatland monitoring platform to monitor GWL and rainfall, and to understand
the progress of peatland restoration.

Establishment of the Peatland Restoration Agency (BRG) to coordinate and facilitate the restoration.

BRG is developing the online peat restoration information and monitoring system for its mandate area in
T Indonesian provinces to both guide restoration activities implemented by various stakeholders and to
report the progress transparently and reliably.
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Indonesia holds an estimated peatland area of between 149 300 km? and 270 000 km?, with the latest area in public sources
being 246 700 km? (BBSDLP, 2013; Ministry of Environment and Forestry, 2018; Page, Rieley and Banks, 2011). Southeast Asia
contains the world's largest tropical peat carbon store (66-70 gigatonnes) (Warren et al., 2017), with Indonesia accounting for
57 gigatonnes of this estimate.

In Indonesia, and Southeast Asia generally, growing agricultural needs have led to the exploitation of lowland peat swamps,
especially since the 1990s, by large companies as well as smallholders. A large proportion of these peatlands have thus become
degraded with negative environmental and socio-economic consequences. Digging drainage canals to prepare the land for
logging, palm oil or industrial forest plantations, and rice farming, have resulted in subsidence and land loss to flooding on

the one hand, and dryer peatlands and increased fires on the other. Indonesian peat landscapes have suffered from extensive
peat fires since the 1990s. In 2015, 2.6 million ha of land in Indonesia was burnt, including estimated 1.7 million ha of forest

and 0.89 million ha of peatland, with related emission estimates varying from 0.71and 1.75 gigatonnes C0,eq (Ministry of
Environment and Forestry, 2018; Randerson et al., 2017). In response to this disaster, Indonesia has reinforced its governmental
commitments to reduce peatland deforestation and fires as well as to rewet and restore degraded peatlands. Government policy
mandates concession-holders, in particular, to fully restore peatlands in defined priority areas, and to increase the water table in
the peatlands they manage.

| Monitoring of peatlands

Indonesian peatland monitoring is quided by a variety of commitments to international conventions, particularly the 2015 Paris
Climate Agreement and the NDC under the UNFCCC, other international commitments, such as the Bonn Challenge on Forest and
Landscape Restoration, presidential decrees, and policies released by ministries as well as provincial and district administrations.
The main responsibility for peatland monitoring lies within the public sector, while many international and private entities have
over the years supported the technical development of tools, approaches and systems. Plantation companies are also mandated
to monitor and report the GWL in peatlands that have been drained.

Indonesian efforts to improve the management of the country's peatlands have been delayed by the lack of an agreed map.
Since 2016, a “One Map” policy® has been implemented to integrate different national maps into a set of officially approved maps,
including the peatlands. To advance a scientifically solid method to consolidate the peatland layer of the One Map, the Indonesian
Peat Prize was awarded in 2018 for the development of a method to measure the extent and depth of the country's peatlands
(Ballhorn et al., 2018). This method is expected to be progressively applied across all peatlands to help the government to protect
and manage peatlands, accelerate their restoration and support Indonesia's development goals (World Resources Institute, 2018).

As one of the key quiding policies, a Peatland Ecosystem Protection and Management Plan was established by the Ministry of
Environment and Forestry to guide peatland protection and management (MoEF, 2018). The plan is improved and revised based on
data-driven approaches that help to coordinate restoration efforts by different stakeholders.

A groundwater level and rainfall monitoring database called SIMATAG (MoEF, 2019) in both concession and community areas was
presented by the Indonesian Ministry of Environment and Forest (MoEF) in 2019. SIMATAG-0.4m (“information system for peat
groundwater level") is a platform to monitor GWL and rainfall and to understand the progress of restoration activities.

The SIMATAG database displays over 10 300 compliance points across Indonesia, which are updated in real time through a

mobile app. SIMATAG is connected to other databases such as the Forest and Land Fire Database, the Database of Meteorology,
Climatology, the Geophysics Agency and the National Agency for Disaster Management (MoEF, 2018). The database can be used to
determine compliance of concession-holders in adhering to the required water management requlations, and whether the peat
is being damaged. Monitoring of parameters such as groundwater table depth (Bechtold et al., 2018) in peatlands is an important
process that can point to the state of a system while playing a role in fire prevention by providing the basis for an early warning,
early action system for officials to act upon.

5 Presidential Regulation No. 9/2016 on the acceleration of one map policy implementation at 1:50.000 in scale. Compilation
and integration under BIG and synchronization under the Coordinating Ministry of Economic Affairs.
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Monitoring of restoration priority areas

In January 2016, the Peatland Restoration Agency (Badan Restorasi Gambut, BRG), was established under the first Presidential
Regulation after the Paris Climate Summit in 2016. BRG's mandate is to coordinate and facilitate the restoration of 2.4 million
ha of degraded and burnt peatlands by 2030 in seven key provinces (Riau, South Sumatra, West Kalimantan, Central
Kalimantan, South Kalimantan, East Kalimantan and Papua). Based on the indicative map of restoration priority, the targeted
priority areas for BRG's restoration activities consist of (i) the area burnt in 2015, (ii) peat domes with canals (for protection),
(iii) peat domes without canals (for protection), and (iv) peatlands with drainage system (canals). BRG supervises, facilitates,
assists and coordinates peat rewetting in concession areas and outside of them. BRG must monitor and report its results
reqularly to the President of the Republic.

A peat restoration information and monitoring system (PRIMS) is being developed by BRG to update and report the progress
of peat restoration activities transparently and reliably and provide timely feedback to land managers and policy-makers
alike, as well as to facilitate coordination across provinces and institutions. It is a prototype web-based mapping system aided
by the World Resources Institute and the Agency for the Assessment and Application of Technology (BPPT) and supported

by FAQ's land use monitoring tools and systems, such as SEPAL, and other tools within the Open Foris suite (FAQ, 2020b).
Although still under development, PRIMS has key features that can provide insight into restoration activities, peat
degradation indices, peat emission and fire hotspot monitoring, and assess the impacts of restoration efforts, including canal
blockings, deep wells, canal backfilling, revegetation, and the economic revitalization of communities.

Challenges and opportunities

Although Indonesia has made important steps to construct various tools for peatland monitoring by different agencies,
many challenges persist. In Indonesia’s latest forest reference emission level (FREL) submission in 2016, the analysis of

peat emissions included only account for drainage, which deals with emissions from peat decomposition. Peatland fire data
were not included in the FREL - combustion through fire causes major GHG emissions - as historical activity data were not
available. It was also stated that the development of comprehensive emissions factors for fire is complicated and subject

to high uncertainties (Aqus, Hairiah and Mulyani, 2011). Peatland fire emissions need to be addressed and calculated more
accurately to build one functional and holistic system for monitoring and reporting on peatlands for various purposes,
including improving MRV for various types of GHG (including REDD+) reporting.The MoEF, tasked on GHG reporting, is working
with various partners to further develop the inclusion of peatland emissions in national GHG inventories and update reports.

The lack of an agreed map of Indonesian peatlands negatively affects many efforts not only to monitor but
also to restore the target amount of remaining peatlands.

The complexity and cost of peatland monitoring over a large area are important challenges that Indonesia is facing.

High temperatures and humid conditions, as well as the risk of fire, pose a threat to the reliability of automatic systems.
Collaboration and sharing experiences, data, ideas and methodologies are crucial in overcoming many challenges. The use of
satellite data for monitoring peatlands over large areas and with higher frequency is an opportunity that is being explored
by the Indonesian Government with support from many of the organizations contributing to this report. These techniques
have potential - e.g. on soil moisture (Greifeneder et al., 2019) - but are in relatively early stages of development. All remote
sensing tools need to be well-calibrated and validated with field data and have limitations, as outlined in Chapter 4.

6 Due to the high risk of new fires in the previously burnt areas.



Peat landscape in Indonesia
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Peat landscape in the Republic of the Congo
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a THE DEMOCRATIC REPUBLIC OF THE CONGO

by Jean-Jacques Bambuta Boole, Cleto Ndikumagenge, Amélie Arquero, and Rémi d Annunzio

Highlights of peatland mapping and monitoring in the Democratic Republic of the Congo
The Ministry of Environment and Sustainable Development has established a Peatland Unit.

The Unit has started consulting stakeholders to define priority needs for peatland mapping and
monitoring, including assessments of extent, carbon storage, ecosystem services, and institutionalization
of monitoring approaches.

Different organizations, including national academia, have advanced with peatland mapping and data
generation mainly in the Cuvette area (see Map 1), including peat soil sampling.

The capacity of national institutions has been developed with a pilot integration of a few peatland sites
into the national forest inventory.

The Central Congo Basin peatlands are estimated to be the world's most extensive, continuous peatland complex™ in the
tropics. They are also among the most carbon-dense ecosystems, with an average of 2 186 tonnes of carbon per hectare.
Approximately 29 percent of the total tropical peat carbon stock is currently estimated to be found within the Cuvette
Centrale (Map 1). In terms of both peat area and peat carbon stock, the Democratic Republic of the Congo (90 800 km?

of peat equivalent to 19.1Pg C) and the Republic of the Congo (54 700 km? of peat equivalent to 11.5 Pg C) become

the second and third most important countries in the tropics for peat areas and carbon stocks, after Indonesia. It is
estimated that there are also other peatland areas around the Cuvette region in the northeast of the DRC (see e.g. Map 1).

m The extent of peatlands in the Cuvette Centrale, Congo Basin

Source: Dargie et al. (2017).

7" Note that Indonesian peatlands have a larger area, but are divided between different islands,
and therefore not connected to each other like the peatlands within the Cuvette Centrale.
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Most of these peatlands remain pristine and undrained. However, they also face various threats: drainage for various types of
economic activities, mainly oil concessions, cropping, and potential infrastructure development, as well as declining regional
precipitation with more extensive dry periods among them. The drainage and/or poor management of these extensive areas of
carbon-rich soils can lead to the release of one of the biggest carbon stocks in the tropics. Therefore, the peatland system in the
Congo Basin plays a key role in the global carbon cycle. (Dargie et al., 2018)

Urgent need for peatland monitoring

The Peatland Unit and stakeholders have defined four priority needs for peatland action

identify the distribution, status (pristine, drained, burnt, cropped, and grazed) and carbon storage of peatlands,
including an approximate assessment of the depth of these deposits and their concentration of soil carbon;

assess the importance of the identified peatlands’ ecosystem services, such as sheltering unique biodiversity,
water requlation, provision of food and other socio-economic and cultural benefits;

develop and institutionalize a stakeholder engagement process, and

integrate peatlands into the country's national monitoring system utilizing state-of-the-art
peatland monitoring tools and approaches.
(ministerial source, private communication, July 2019.)

Monitoring is justified for a fundamental reason - peatlands in the Democratic Republic of the Congo are hitherto intact and
protected because they are reqularly flooded and difficult to access. However, they remain fragile over time, particularly if
regional rainfall changes or hydrology is affected by land conversion.

Land use monitoring system and peatlands

At the time of writing, no countrywide peatland maps exist at the national level in the Democratic Republic of the Congo.
However, with international support, efforts have been made to rectify this, including peat soil sampling and a pilot integration
of some peatland sites into the NFI, including household surveys inquiring about potential drainage practices.

As a result of the activities under the REDD+ framework, the country has an NFMS (Democratic Republic of the Congo, 2020),
accessible online and currently being operationalized, which requires capacity-development activities. The NFMS, managed by
government agencies® aims at assessing the state and evolution of forest resources, as well as meeting the requirements of the
UNFCCC for participation in REDD+. With the support of FAO, the satellite land monitoring system will assess land use and land
cover changes, and the NFI will measure forest carbon stock and the GHG inventory to report GHG emissions from the AFOLU
sector. The collected data, as well as the analyses and results will be published online on the NFMS web portal.

Challenges of peatland management

Stakeholders are asking how peatlands can contribute to the country and its people, including sustainable livelihoods. The
Democratic Republic of the Congo is looking forward to finding answers and value its peatlands but the country must overcome
various challenges. The first challenge relates to the establishment of financial mechanisms to generate benefits from peatlands
with special regard to economic development at national and provincial levels, including local communities and indigenous
peoples, and the definition of different stakeholder roles. The second challenge is linked to the analysis of the desirability of
fostering jurisdictional interventions at the provincial level, building also on the country's experience in REDD+. Finally, the third
challenge will pertain to the demand and need for capacity-building on peatlands, covering mapping, monitoring and approaches
to sustainable management. (Ministerial source, private communication, July 2019.)

8 Direction des Inventaires et Aménagement Forestiers (DIAF); Ministere de 'Environnement et du
Développement Durable (MEDD).
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a PERU
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by Pedro Raul Tinoco Rodriguez

Highlights of peatland mapping and monitoring in Peru:

Multiple researcher teams have used remote sensing and field data to map several
peatland complexes throughout the country.

Several mapping and monitoring initiatives are underway

Peruvian government is coordinating actions and harmonizing the recommended peatland mapping
methodology into national guidelines for peatland identification.

Thanks to its varied geography, three types of peatlands can be found in Peru: coastal, Andean and Amazonian. Peat extraction,
mining activities and grazing are threatening peatlands in the Andes (Maldonado, 2014). The Amazonian peatlands are mainly
threatened by infrastructure for transportation, agriculture, unsustainable forms of Mauritia flexuosa palm fruit harvesting,
charcoal production, mining, oil, gas, and hydropower production.

| National mapping and monitoring approaches

The national Peruvian Amazon Research Institute and a team of researchers have recently mapped the largest peatland complex in the
Loreto department of the Peruvian Amazon. They used a combination of probability map constructed with the help of remote sensing
(both optical and radar data) and soil measurements in the field.

Peru has prepared a national ecosystem map that includes palm swamps, herbaceous-shrub swamps, mangroves, bofedales

(a special type of highland peatland) (Figure 16) - all these ecosystems are considered to potentially form peat - estimating a
total area of 77 800 km? (7 780 824 ha). In addition, the National Wetland Inventory is being developed within the framework of
the National Wetlands Committee, chaired by the Peruvian Ministry of Environment (MINAM). Other institutions have carried out
various investigations on the country’s peatlands (Chimner et al., 2019; CIFOR, 2017; The Mountain Institute, 2016).

| Political frameworks and peatland monitoring

At the time of writing, Peru does not have a nationwide policy framework requlating or protecting all types of
peatlands (CIFOR, 2017). Within the framework of the Ramsar Convention for Wetlands, the country has adopted
recommendations for the management and monitoring of peatlands. In addition to the multilateral environmental
agreements, Peru has several laws, policies and strategies that, although they do not emphasize peatlands, requlate
the conservation and sustainable management of the ecosystems that support them®).

| Next steps for peatland mapping and monitoring

At the time of writing, several mapping initiatives are underway and the government is coordinating actions and harmonizing
the recommended peatland mapping methodology. This process will define the scope of the country's peatlands considered
in the map, and in longer-term monitoring, and it is expected to include the state of the peatlands and their estimated

peat depth. In general, there is information on the distribution of wetland ecosystems. The greatest information gaps

are related to peatlands’ state, the depth of peat in different wetland types and their carbon content, which will require
direct assessments and measurements in the field.

¥ These legal and policy frameworks include: the General Environment Law; National Environment Policy; Organic Law for the
Sustainable Use of Natural Resources (1997); National Biodiversity Strategy to 2021 and its 2014—-2018 Action Plan (2014); National
Water Resources Policy and Strategy of Peru (2009); Forestry and Wildlife Law (2015); and National Wetland Strategy (2015).
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o THE UNITED KINGDOM OF GREAT BRITAIN AND NORTHERN IRELAND

by Rebekka R.E. Artz, Ian Crosher, Andrew Coupar, Emma Goodyear and Chris Evans

Highlights of peatland mapping and monitoring in the United Kingdom:

The United Kingdom's has mostly over 30 years old peat maps using different mapping methodologies and
peat definitions.

Most recent efforts aim using satellite-data derived models in combination with ground observations to
improve the mapping of peat extent.

Assessment of restored peatland areas have provided evidence of the immediate climate mitigation
benefits of peatland restoration efforts.

Research on GHG emissions from peatlands has increased awareness of the condition and climate impact of
country’s peatlands, increasing public funding for restoration measures.

Work is ongoing to incorporate full peatland GHG emissions reporting.

Current initiatives aim to develop standardized, cost-efficient monitoring methods for evaluating
restoration impacts.

A new citizen monitoring initiative monitors the condition and long-term changes of peatlands and
facilitates data collection and sharing through a web application.

| Peatland extent and status

Peatlands in the United Kingdom extend from coastal lowland regions to the uplands. The most extensive peatland type is
blanket bog, which forms in high-rainfall regions. Blanket bogs have been affected by drainage, grazing, managed burning,
conifer plantation forestry, air pollution and erosion. Lowland peats, particularly fen peats, have been progressively
drained and converted to agricultural use over centuries, to the extent that most of them are now under cultivation, and
large areas have been reduced to thin (“wasted") peat. Lowland raised bogs are less extensive and have been affected by
horticultural peat extraction as well as agricultural drainage. The most recent estimated extent of the United Kingdom's
peatlands is 2.9 million ha (29 000 km?) (Map 2).

The latest country-wide update on trends in condition on peatland habitats was published in 2013 (Joint Nature Conservation
Committee, 2013). This report paints a largely bleak picture of the condition of peatland habitats under nature designation,
with the overall assessment of condition status being considered bad across all nine reported peatland habitat types,
although six of these habitats showed an overall improving trend in condition status. In both bog and fen, marsh and swamp
habitats, a decline in species richness was noted.

National reporting on the condition of the United Kingdom peatlands is largely based on extrapolation of data from
designated site monitoring. Various pilot projects have attempted to model peatland condition at local to national scale using
satellite-derived data combined with ground observations (see below). There is an ongoing need for traditional field-survey
data to support and provide meaningful quantification of remote-sensed and modelled peatland condition assessments at
the national scale.

Peatlands undergoing active restoration management largely show significant improvements in ecological conditions,
although most sites have been restored only recently and only a handful of publications from early restoration projects exist.
However, a recent compilation of the current scientific evidence suggests that halting emissions from degraded peatlands
now will have immediate climate mitigation benefits in the short to medium term, with potential long-term benefits for
carbon, water and biodiversity (Glinther et al. 2019).
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Updated map of the extent of peat in the United Kingdom

Source: James Hutton Institute, 20

Mapping and monitoring activities

The United Kingdom's peat maps are reliant on interpolated ground surveys, most of which were undertaken 30 or more years
ago, and mapping methodologies (and even peat definitions) vary among the four devolved administrations (England, Northern
Ireland, Scotland, Wales). Recent efforts aim to use satellite-data derived models in combination with ground observations to
improve the mapping of peat extent.

Peatland mapping and national reporting have traditionally been achieved through upscaling from field-based surveys such

as the UK's Common Standards Monitoring programme (Joint Nature Conservation Committee, 2004; 2009). The Programme,
however, was not specifically designed to assess peat condition, and only covers legally protected sites so it does not provide a
sufficient basis for national-scale assessment of peatland status, function or emissions. Evans ef al. (2017) combined data from
land cover and soil data sources to map peatland extent and provide a broad, habitat and soil-based, condition classification.
They used the associated GHG emissions (also compiled in the same report) for these condition categories to estimate current
GHG emissions from the country's peatlands. This report was used by the 2018 British Committee on Climate Change report to
estimate that 4-11 Mt CO,eq per annum could be mitigated by restoring peatlands by 2050 (Committee on Climate Change, 2018).
Work is ongoing to incorporate full peatland GHG emissions reporting in the British national emissions inventory. Increased
awareness of the condition of British peatlands and the emissions arising from them has led to an increase in public funding
since 2012, which has resulted in a corresponding increase in the implementation of restoration measures on the ground.

Peatland monitoring is focused on reporting under international biodiversity obligations. Monitoring is carried out using
ground-based surveys but is confined to (largely vegetation-based) habitat monitoring and assessments for a limited
list of protected species. Remote surveillance options are being tested as lower-cost options. For example, there has now
been a sizeable number of efforts to remotely assess the condition and/or degradation features in British peatlands,
using aerial photography (Scholefield et al., 2019) or in combination with LiDAR (Carless ef al., 2019). Water table and
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surface elevation fluctuations have been monitored using interferometric synthetic aperture radar (InSAR) from satellite
sources (Alshammari et al., 2018). This method has the potential to provide high-frequency monitoring of peat conditions
and a proxy for CO, emissions and removals.

At a lower resolution, the condition across the whole of Scotland's peatlands was recently modelled using a time series of
satellite data (Artz et al., 2019). Sentinel-1 radar and Sentinel-2 spectral data could be used to produce higher-resolution and
repeatable assessments of peatland condition to support national peatland GHG emissions reporting (Lindsay et al., 2019).
However, none of these remote techniques has yet been tested at the national scale.

Restoration is not monitored under any formal programme, in spite of its multiple societal benefits. Most, if not all, restoration
monitoring includes some form of hydrological monitoring, often combined with assessments of vegetative change. In some
cases, changes in GHG emissions or aqueous transport of carbon are being assessed. A review of the state of this monitoring
evidence is currently being compiled for the IUCN UK Peatland Programme (unpublished). Current initiatives aim to develop
standardized, low-cost monitoring methods for evaluating restoration outcomes and to verify the anticipated emissions
reductions, to implement consistent national restoration monitoring systems in the future.

Future initiatives

There are potential benefits in using the power of modern remote-surveillance techniques to implement national

peatland monitoring, but further testing of these methods is required to ensure they are fit for purpose for national
reporting. Eyes on the Bog (Lindsay et al., 2019), for example, is a newly launched citizen science monitoring initiative for
British peatlands. It aims to engage the wider community in monitoring the condition and long-term changes of peatlands and
provides a robust, repeatable and accessible monitoring methodology to harmonize basic data-collection across a network

of long-term peatland monitoring sites.

The initiative employs cost-effective and simple technigues as well as modern technology to enable useful monitoring
information to be collected by peatland community employees or volunteers. The information may be used to inform
management interventions and test long-term climate predictions and assumptions about the condition and function of

British peatlands. Data collected across multiple independently established sites within the Eyes on the Bog network can be
collated in a standardized format by an open-access data hub. For example, PeatDataHub (https://peatdatahub.net/) is an
emerging peatland-specific web application and database that allows the uploading and sharing of site metadata, datasets, files
and images from peatlands around the world.

The aim is to facilitate the collaborative use of shared datasets to address both British and global-scale questions about
peatlands in much the same way that Forestplots (http://www.forestplots.net/) has been used for tropical forests.

LESSONS LEARNED BY DIVERSE COUNTRIES

While peatland mapping status varies from country to country, most mapping efforts are recognized by academia. Official, nationwide
peatland maps are not usually available, especially in tropical countries, where existing gaps are evident. Surveys that support peatland
monitoring need to not only consider habitat type, but also the underlying soil characteristics that use harmonized classification
methods to support consistent peatland mapping and monitoring approaches. A standardized peatland definition and harmonized
mapping approaches would facilitate the creation of one, nationally confirmed peatland map.

Peatland monitoring has also sparked the interest of governments and private organizations. A holistic land use and land use change
monitoring system would take into account the diverse needs, goals and institutional frameworks in each country.

Experience on peatland restoration monitoring is increasing. Restoration monitoring has helped to demonstrate the impact of
investment. In most cases, current funding for peatland restoration does not provide adequate resources for monitoring and data
collection. More coordinated and harmonized approaches are needed to reduce research and monitoring wastage, and to make better
use of satellite technologies and citizen science.
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Remaining

questions and
knowledge gaps

by Maria Nuutinen, Felix Beer,
Laure-Sophie Schiettecatte and Peter Moore

Mapping and monitoring peatlands can be a challenging task
depending on the spatial scale to cover and the number and kind

of parameters to be assessed. In the long term, it would be ideal to
develop a fully automatic monitoring system - based on a robust and
practical mapping procedure - that combines ground and remotely
sensed observations providing information on all desired parameters.
However, the automatic quantification and upscaling of factors

over large areas is not yet fully achieved and requires sophisticated
intermediate processing steps, and expert analyses tailored to specific
peatlands - a challenge to a wide range of users. Additionally, some
parameters cannot directly be derived from remote sensing but
depend on ground-point measurements, especially peat occurrence
and GWL - one of the most important conditioning factors in peatland
GHG emissions. Mapping, modelling and the use of proxies thus
require further research to strengthen the scientific basis of their
assessment and application.

Mapping methods are already well developed, and research has been
carried out on the delineation of almost all types of peatlands. The
variety of conditions and characteristics of peatland occurrence
makes it difficult to standardize methodologies for peatland mapping
at global and even at national levels, which usually increases the cost
of field mapping activities on a scale necessary for land planning and
management. New approaches and advances with remote sensing
technologies are benefiting peatland mapping in a variety of contexts.
Continuing to map and develop research on mapping will not only
help countries to realize and value their peatland resources, but could
lead to efficient and accurate peatland monitoring for conservation
and sustainable management. A coherent link between peatland
mapping and monitoring needs to be established to avoid wasting
resources and institutional capacity.

In addition to the research and data gaps elaborated below, and the
general need for capacity-development, constant maintenance of
ground equipment and access to data remain crucial in the robust
setting up and running of peatland monitoring in countries.
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GROUNDWATER LEVEL AND SOIL MOISTURE

© Remotely sensed radar-based soil moisture, in combination with GWL

© field monitoring, can be used as a proxy for GWL modelling (Hashim

© etal, 2002; Jaenicke, Lohberger and Siegert, 2010). This approach needs
© further elaboration, as surface soil moisture s quickly changed by
events such as precipitation without affecting the GWL. Furthermore,

: strongly degraded peat at the surface can become hydrophobic, causing
- surface soil moisture to lose its correlation with the underlying GWL
(Wosten et al., 2008). Despite the ability to show trends, and the effect of
rewetting activities over time, uncertainties in the consistency of the soil
moisture-GWL link require further investigation to robustly quantify the
GWL from soil moisture, particularly for emissions estimations.

: The appropriate distribution and continuing maintenance of ground
: observation instruments, to verify soil moisture data from remote

: sensing and modelling, constitute one of the main challenges to the
integration of peatlands into national land use monitoring systems.

RELIABLE SOIL MOISTURE DETECTION

Technically, soil-moisture detection with radar (microwave) satellite

: systems are based on robust methodologies and has advantages over
: optical satellite-based approaches (Wang and Qu, 2009). However

: radar waves can only penetrate ground covering objects up to the

: size of their wavelength. L'band data with a wavelength of 24 cm that
: can penetrate vegetation is considered most suitable for remotely

: sensed soil-moisture assessment regardless of vegetation cover, but
© needs to be purchased (JAXA, 2020). Freely available X- and C-band

¢ data (e.g. Sentinel-1 for C-band) with wavelengths of 3.1 cm and 5.6 cm
respectively, can only be applied on bare soils or areas with very light
ground cover (e.g. short vegetation).Limited and expensive access to
relevant data is a major obstacle to soil-moisture monitoring, as in




the case of entire peat domes in Indonesia. The NASA-ISRO synthetic
aperture radar satellite (NISAR) will, however, provide freely accessible
L-band data from 2021.

The use of vegetation moisture based on optical sensors as a proxy
for soil moisture indicates good results, but also requires further
investigation into the moisture dynamics of the different vegetation
types and their relation to soil moisture.

GREENHOUSE GAS EMISSION ESTIMATIONS

Integrated systems utilizing data from remotely sensed and field
measurements appear to be the best options for estimating
GHG emissions and the status of peatlands. However, further
measurements would be beneficial to fill the data gaps.

Emissions from decomposition

GHG emissions from peat decomposition correlate well with the GWL
and subsidence and depend on land use type, nutrient status and
climate zone (IPCC, 2014a). In countries such as Indonesia, where the
current peatland management policies favour only partial rewetting
(GWL at -40 cm), GHG monitoring should be able to account for
emissions from peatlands with different GWLs - to showcase the
benefits from raising the water table, even only partially - and on
the other hand to emphasize the potential of complete rewetting and
restoration for climate change mitigation and disaster reduction.
Outside Indonesia, especially in tropical regions, data and models for
robust GHG emission accounting on different land use types are largely
lacking and require intensive research.

To improve national reporting of emissions from organic soils, the
recommendation is to seek the best possible data on activities in
the landscape, preferably those that comply with IPCC land use
categories, in a spatially all-inclusive (“wall-to-wall") approach
(Barthelmes et al., 2018). It is important to collate and integrate all
available information for nationwide, comprehensive coverage of
organic soils, use proxy sources to identify possible occurrences of
organic soils, and conduct peatland surveys that include fallow land,
protected or otherwise not actively used, in particular when it has been
drained. Potential proxies can include for example vegetation data,
high-resolution elevation data, and data on drainage networks.

Emission factors

Further GHG emission measurements and refinement of emission
factors are still needed, particularly in subtropical Africa and Central
and South America, including degrading and restored highland
peatlands. Decision-makers could benefit from information on peatland
emission dynamics to confront a changing climate in the permafrost
regions and other potential hotspots.
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Land conversion, mainly conversion of wetlands such as mangroves
and peatlands, will not only lead to changes in GHG emissions on land
once converted and managed but will also export organic and inorganic
materials to adjacent water bodies. This material will eventually sustain
inland water ecosystem production and ultimately lead to CO,, CH, and
N,0 emissions to the atmosphere. Therefore, further research should be
conducted to close the carbon budget in the peatlands by investigating
more on exported carbon, such as dissolved organic carbon (DOC),
dissolved inorganic carbon (DIC) and particulate organic carbon (POC)
in drainage canals or ditches. This was already anticipated by the

IPCC 2013 Wetlands Supplement, which provides information on the
emission factors for CH, in the canals. More recent scientific literature
also show evidence of fluvial transfer of carbon from managed
peatlands which lead to GHG efflux from adjacent water bodies (Cook

et al., 2018; Evans, Renou-Wilson and Strack, 2015; Manning et al., 2019).

Gaps in peat fire
monitoring and emissions

Estimation of GHG emissions from burning peat is difficult due to the
challenge of measuring the variables of (1) burnt area and depth of
burn, (2) fuel present on the site (peat as well as aboveground biomass
and other surface fuels), (3) fire intensity, (4) amount of fuel (peat)
consumed and (5) the GHGs emitted from the burnt peat. The gaps can
be set out as follows:

¢ The difficulty of measuring burnt peat area, fire patchiness
and burn depth, is compounded by the fact that fire often
smoulders underground. Very little research has been
published to evaluate methods of collecting these data®.

o There is also lack of data on peat fuel load, although
peat density is sometimes measured.

e Limited information exists on peat fire intensity
and severity in smouldering fires. Temperatures are
measured in experiments.

* Investigation is required on consumption of
peat by fire, although there may not be a lot of
variation between burned areas.

There is limited research of trace gases emitted during authentic

(non-experimental) peat fires burning at various depths in different
peat types (Stockwell et al., 2016). While monitoring systems have been
established to detect fires and assess the burnt area, other relevant

factors require better understanding and intense research in all

peatland regions.

© 2 One exception is the APFNet project, Improving
*  capacities towards reducing greenhouse gas emissions
: from peat swamp forest fires in Indonesia.
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Recommendations

by Hans Joosten, Maria Nuutinen, Laura Villegas,
Till Neeff, Rémi d’Annunzio, Marieke Sandker,
Kai Milliken, Julian Fox and Jukka Alm

Peatland mapping and monitoring need to be approached as a complex
and nuanced exercise. The key attributes of an effective monitoring
system that includes peatlands will need a synergistic combination

of various remote-sensing technigues together with the application

of ground-truthing and field measurements, not overlooking the
socio-economic factors that remain largely outside the scope of this
report. For example, there is evidence that established remote-sensing
techniques can be used at a landscape scale to assess land use

cover and vegetation conditions, while newer higher-resolution
methodologies could monitor the ground water level by detecting

soil moisture levels and rates of subsidence.

The following five areas for recommendations give overall suggestions
for national decision-makers and institutions, in particular,

the ministries in charge of finance, planning, agriculture,
environment and forestry, statistical agencies, bodies in charge
of conservation, national forest and land use inventories, as well
as funding, development, cooperation and research institutions.
Similarly, the scientific community and civil society can often take a
clearer role in advancing peatland protection.

o ADVANCING WITH PEATLAND MAPPING

Peatland mapping and monitoring should be a priority for all
countries with peatlands to maintain their carbon and ecosystem
services. The support of research organizations is needed for the
proper integration of information on peatland distribution, extent

and status into national maps and monitoring systems. National
governments, through the relevant ministries or agencies, should
focus on consolidating and agreeing national peatland map that can be
consistently used by other institutions and stakeholders in territorial
planning, land-use management and conservation laws compliance. For
the international community, coordination and capacity development
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: to construct a global peatland map are imperative for the future

: management of restoration and preservation for related resource
: needs, as well as to collect lessons learned for different peatland
© types across the globe.

: The national agencies in charge of national forest and other land

: use inventories are advised to recall that a harmonized and unified

: peatland map, that includes location, extent, approximate depth of peat
and management status, among other variables, is the basis of effective
peatland monitoring. Monitoring focuses on the identification of change
of the different variables identified in the mapping phase over time.

: Remote sensing is extremely helpful in identifying and estimating

: peatland occurrence, especially where access and information

: availability is limited (see Chapter 2), but the exact location and extent

: of peatlands still requires knowledge of ground conditions and soil

: sampling. Field missions are essential to draw accurate conclusions

: about the carbon content of the soil and hence better estimates of

© GHG emissions from peat degradation, so must be budgeted either
through national or regional budgets or through research funding.

: National academia is in a good position to promote the conservation
© of these important carbon pools, advocating for the inclusion of

© shallow peat (widely regarded as a layer less than 50 cm deep) into
peatland maps. A peat layer of 15 cm thick - only half the 30 cm depth
used by conservative approaches to peatland definition - already holds
a larger carbon stock than a high-carbon-stock forest on mineral soil
(Barthelmes, Ballhorn and Couwenberg, 2015). For historical reasons,
thin peatlands are not classified as peat in many countries. Because

: of classification issues, shallow peatlands are more often drained and
: degraded. Their inclusion in national maps would help to ensure that
© all peatlands were better managed and their emissions accounted for
© (Lindsay et al., 2019.). Peatlands could be endangered and emissions

© could considerably increase if monitoring systems were to rely on
outdated or inconsequential definitions.




FOCUS ON AREA AND
COUNTRY-SPECIFIC DEFINITION

The definition of soil carbon content and the minimum thickness

necessary to define a peatland, crucial in mapping methodologies, varies

between countries. The decisions made in the early stage of definitions
through collaboration of the academia and national institutions

- regarding soil types and classifications, ecological and physical
conditions for the identification of an area as a peatland, and key factors
for peatland monitoring - will greatly influence a country's peatland
delineation methodologies, future conservation strategies and GHG
emissions. International technical agencies and experts can advise on
the standardisation of concept definitions and methods, as well as share
technologies in order to speed up the peatlands preservation process.

Peat depth is often mentioned as a critical factor for deciding the
conservation value a peatland. However, when deciding on the
intervention areas, national institutions can find it helpful to consider
that many of the most relevant variables to be monitored in peatlands,
such as GHG emissions and biodiversity, are largely independent of
depth, especially in the short term. Whereas most countries and scientific
disciplines specify a minimum depth of peat for an area to be called a
peatland, such definitions differ widely and the background to most of
them does not relate to monitoring. If the main goal of current monitoring
is, for example, to identify GHG emissions and how they change over
time, but the peatland definitions are informed by practical agricultural
considerations (such as rooting and plough depth) (see e.g. Lindsay

et al. 2019), a discrepancy between goals and definitions might occur.

The 2006 IPCC Guidelines largely follow the FAO definition of “histosols"?,
but have omitted the thickness criterion to allow for often historically
determined, country-specific definitions of organic soils. As a
recommendation for the IPCC working groups, a conservative approach
to the definition of peatlands, which would serve most monitoring

aims, would use a minimum thickness of the organic horizon of 10 cm.
(See IPCC, 2014a).

In soil science, a threshold of 18 percent carbon has been established as
the boundary above which soils are considered to be organic (Figure 4).
This value has been recognised to exclude some soils with high volumetric
carbon content - i.e. causing potential high emissions when degraded.
From a climate point of view, the boundary between organic and mineral
soils could be better drawn at 5 percent carbon, and decided e.g. through
national academia and institutions. The problem of low-percentage and
high-density carbon soils, which has already been recognised by various
countries reporting emissions from “peaty soils”, needs more attention
from the scientific community (Barthelmes et al., 2018).

21 A histosol is defined as a soil having a histic or folic horizon, either 10
cm or more thick from the soil surface to a lithic or paralithic contact, or
40 cm or more thick and starting within 30 cm from the soil surface.
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e UPDATING PEATLAND EMISSION FACTORS

The IPCC 2013 wetlands supplement provides emission factors for land
use on peatlands for different climate zones, land use types and nutrient
status (for boreal and temperate zones). At the time of publishing

the Supplement, data from the tropics were limited. An update of the
IPCC emission factors is now required to include all measurement

data since 2013. The data, as well as available capacity-development
approaches, would allow the guidance given in the supplement to be
updated and clarified. Also, the scientific community could be invited
to update the peatland emission references on the IPCC Emission factor
Database more systematically. Countries can use those data to increase
the accuracy of their inventories instead of using the most simple
methods and Tier 1emission factors.

The scientific community should be encouraged to cover gaps

in peatland GHG emission factors with the support under various
funding mechanisms. Investment in more GHG and other carbon loss
measurements on certain peatland types, such as degrading highland
peatlands, is recommended.

Peatland fire emissions need to be addressed and calculated more
accurately by the scientific community to build one functional and
holistic system for monitoring and reporting on peatlands for various
purposes, including improving MRV for various types of GHG (including
REDD+) reporting.

Some countries already have started to integrate peatlands into their
national monitoring systems, while others have developed certain
elements but still need technical support and capacity development to
set up and fully implement integrated systems. Mapping and peatland
status update would often require attention and funding from the
development partners.

INTEGRATING PEATLANDS
INTO MONITORING SYSTEMS

Countries are increasingly burdened by various types of reporting
needs and requests for statistical analysis. The SDG process aims to
help manage and prioritize various reporting requirements. For country
decision-makers, prioritising high-carbon ecosystems, integrating
them into existing frameworks, plans, policies and legislation, as well

as budgeting, is essential to safequard, for example, the water services
provided by peatlands.

Given that most countries have some forest and agriculture monitoring
and reporting frameworks and established processes in place, it is
recommended to integrate peatland monitoring into these frameworks.
Several gaps still need to be filled to allow countries to improve their
peatland mapping, monitoring and reporting for multiple purposes:



https://www.ipcc-nggip.iges.or.jp/EFDB/main.php
https://www.ipcc-nggip.iges.or.jp/EFDB/main.php

o Awareness needs to be raised that peatland-related
mitigation and adaptation actions can be significant, similar
to action on forests.

e Resources need to be targeted to assess the extent and
condition of peatlands, not only for climate purposes but
for land use and management planning.

Guidance and capacity can and must be rapidly developed to achieve
functional monitoring systems, where confidence is being increased
with international harmonisation and mutual quality control, for
example through South-South and Triangular Cooperation events with
participation of peatland countries.

Peat in national forest monitoring systems

National forest monitoring systems (NFMSs) is an area of work in
which countries have already been investing, and which may be
able to accommodate peatland considerations. National forest
monitoring is a comprehensive process that includes the systematic
collection, analysis and dissemination of forest-related data, and the
derivation of information and knowledge at reqular intervals using
both remote sensing and ground data to allow the monitoring of
changes over time (FAO, 2017).

An NFMS is one of the elements used by developing country Parties to
the UNFCCC implementing REDD+ activities (UNFCCC, 2019a). An NFMS
fulfils their obligations to continually develop, monitor and report on
forest resources, which may include various land cover classes and

soil types, such as peatlands (FAO, 2017). Progress has been made in
many countries in this respect (FAQ, 2018). These systems and their
associated institutional capacities can serve as a starting point when
developing specific mapping, measurement and monitoring approaches
for peatlands. Ongoing initiatives have gained a wealth of experience on
good practices for integrated monitoring, institutional arrangements and
data management, which can be adapted to a peatland context bearing
in mind that the main ecological consideration of peatlands is that their
wetness is the main indicator for degradation.

The information generated by the NFMS can support a variety of land
use planning and reporting requirements. Should countries choose

to voluntarily report REDD+ activities, their NFMS can support the
measurement, reporting and verification (MRV) process, through

data provision to demonstrate impacts and outcomes of national
mitigation policies and measures. Also, the data collected can be useful
for forest reference emission levels and/or forest reference levels
(FRELs/FRLs) and countries can consider including peatlands in them.
Similarly, for peatlands, information derived from an NFMS can serve
planning and reporting needs.

However, peat landscapes are diverse and can occur as forested
peatlands, as well as other vegetation covers such as herbs, mosses
and small shrubs. Besides, when used for productive purposes, they can
coincide with diverse categories of land use such as cropland, grazing
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: land, energy sources. Due to intense soil management practices, such
© astillage and fertilization, peatlands under crops are often the source
: of higher emissions than other land uses. For these reasons, peatland
© mapping and monitoring should often reach beyond NFMS and its MRV
©and monitoring processes and needs to rely on cross-cutting data

© sources from various government institutions (see Figure 17).

Mapping of peatlands can build upon tools and methodologies already
used in the NFMS, such as the satellite land monitoring system (and

© national forest inventory (NFI) and its household surveys. Similarly,
peatland monitoring can contribute to an NFMS's MRV component as well
©as national GHG inventories with data such as GHG emissions, emission
reductions and enhancement of removals by sinks, as well as reporting
:on adaptation action such as reduction in vulnerability. In the case of

. forested peatlands, both mapping and monitoring can contribute to

: REDD+ reporting through the inclusion of peat emissions and removals

: originating from forest land (conversion) in the FREL/FRL. It is important
:for national agencies to align peatland monitoring to the existing NFMS
© for consistency and transparency and to take advantage of existing

© verification processes.

Learning from experience

© Monitoring systems can act as effective mechanisms to learn from
©the results of interventions on peatlands, modalities of engagement

© of stakeholders, restoration activities, data collection, among other
aspects. The country cases presented in this report are an example of

© diverse ways in which monitoring systems can provide data on a range
of peatland status variables. Government-led, application-supported, or
community monitoring strategies, among other types, can provide timely
updates that can build up to feed international reporting requirements.
. Finally, ideal monitoring systems should be sufficiently robust to ensure
. that climate change mitigation efforts are measurable, reportable and

- verifiable so that emissions and emission reductions are adequately and
© transparently captured.

IMPROVING COORDINATION
AND INSTITUTIONAL SETTING

Given the cross-cutting nature of peatlands, various institutions have

: to collaborate closely in gathering the relevant data through their
:current or enhanced monitoring practices and systems (Figure 17).

© Asignificant challenge is often to have a true and efficient collaboration
© comprising of data sharing and trust between institutions. For

© ecosystems that extend over numerous landscapes such as peatlands,

© improving collaboration across sectors and institutions is a true
requirement. Developing countries can benefit from enhancing the

© collaboration, and exchanging best practice through South-South and
Triangular cooperation activities.

© An example of inter-agency collaboration is the integration of the peat
. fire monitoring component within the land use monitoring system.



This allows early responses but often requires enhanced governance
and coordination. Land use planners as well as units developing
and coordinating disaster risk reduction and management plans,
strategies, budgets and actions, would benefit from efficient
information sharing on peatlands, their location and drainage status.

As explained in this publication it is possible to build on the lessons
learned in different countries regarding the responsibilities and
potential support available for MRV, including its institutional setting.
As illustrated in Figure 17, to be able to collect and report data on
peatlands to different international conventions, various institutions
need to share data with the coordinating unit often located in
the Ministry of Environment. As peatlands are utilized for cropping,
grazing, forestry, plantations, infrastructure and extractive industries,
institutions in charge of collecting the data (on the right side of the
figure) should have peatlands and other high-carbon ecosystems
included in their mandates to allow for a country to report on them.
Space agencies and units in charge of disaster risk reduction will
also need to collaborate and offer support.

Capacity development and support on technical and institutional
matters can and need to be provided by different institutions both
for collecting as well as combining data and analysing information
both for reporting and for improved management. Capacity should
be understood here both as skills, knowledge and other capacities of
individuals, organizations as well as their enabling environment, but
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¢ also as hardware (tools, laboratories) and software, including land

use monitoring and data processing platforms. A systematic review
of approaches for covering peatlands within national coordination

: mechanisms as well as monitoring systems could be beneficial for

: countries now developing peatland monitoring.

CONCLUDING REMARKS

© Itis increasingly evident that mapping and monitoring of peatlands

© are crucial, particularly given the role of peatlands in climate change
mitigation. Similarly, understanding the specific national context is
critically important to integrate peatlands in the national institutional
mandates and land use monitoring frameworks. The rapid development
of peatland mapping and monitoring methodologies, guidance and

: capacity development approaches allow them to be tailored to

: country-specific context and needs.

As evidenced from the case studies in this publication, much remains

to be done in particular to map peatlands before countries can develop
: reliable peatland monitoring and reporting systems. If resources can be
© systematically deployed to the work on peatlands, approaches described
© inthis report can help conserve an array of peatland assets that in turn
will help in adapting to and mitigating climate change.

Institutional setting and contribution to peatland monitoring and reporting
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Annexes

Annex |: Impacts of peatland
degradation on selected SDGs

The impacts of peatland degradation and restoration on selected SDGs

SDG

Impacts of peatland drainage and degradation

Impacts of peatland restoration

1. End poverty in all its
forms everywhere.

Land subsidence and flooding: land loss, decreased
productivity and income (Saputra, Spit and Zoomers, 2019).

Peatland fires: diminished income, decreased availability
of fresh water, timber and non-timber forest products.

Improved management of peatland ecosystems:
sustainable livelihoods, alternative streams of income, and
food and water security.

Increased resilience to economic, social and environmental
disasters from fires, floods, and climate related shocks.

2. End hunger, achieve
food security and
improved nutrition and
promote sustainable
agriculture.

Degrading water quality and quantity.

Peat oxidation and land subsidence: flooding and exposed
acid sulfate or organic soils decrease available agricultural
land (Hoogland, Akker and Brus, 2012), agricultural yields,
and food security.

Peat soil degradation: pressure on and scarcity of land
prevent implementation of sustainable agriculture
practices which reinforces monoculture plantation
production (Sumarga et al., 2016).

Restored water retention capacity with improved water
availability and quality.

Avoided land loss and better water availability: increased
yields, resilient and sustainable food production, reduced
hunger and malnutrition.

Sustainable biomass production on rewetted organic soils
and peatlands "paludiculture” (Wichtmann, Schroder and
Joosten, 2016).

3. Ensure healthy lives
and promote well-being
for all at all ages.

Reduced biodiversity and environmental quality: reduced
food security and well-being.

Land subsidence: higher risk from flooding for coastal
communities (Andreas et al., 2018).

Improved well-being and livelihoods by reducing risks of
social and environmental hazards and diseases ensuring a
cleaner environment, and water availability.

13. Take urgent action to
combat climate change
and its impacts.

Drained peatlands are currently responsible for 5% of the
global anthropogenic GHG emissions (Joosten, 2015).

Attenuated GHG emissions from fire and microbial
oxidation.

Continued drainage of already drained peatlands could
leads to the release of 81 Gt of carbon and 2.3 Gt of
nitrogen.

Intact peatlands are long-term carbon stores, holding an
estimated 644 Gt of carbon globally.

Peat erosion by wind, water and frost increases carbon
losses and GHG emissions (Parry et al., 2014).

High peatland water tables and revegetation reduce peat
erosion.

15. Protect, restore and
promote sustainable
use of terrestrial
ecosystems, sustainably
manage forests, combat
desertification, and

halt and reverse land
degradation and halt
biodiversity loss.

Peatland drainage and vegetation damage affect
biodiversity and the provision of various ecosystem
services (Dieleman et al., 2015).

Peatland restoration restores the wide variety of
ecosystem services that wet peatlands provide (Bonn
et al., 2016; Wichtmann, Schroder and Joosten, 2016).

Continued drainage-based agricultural crop production
leads to further land degradation.

Increased resilience reduces the impacts of environmental
disasters and climate regime shifts.
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Peatland mapping and monitoring
Recommendations and technical overview

Peatlands have a naturally accumulated peat layer at their surface. In
their natural state, peatlands store large amounts of carbon, which is
released into the atmosphere if they dry out.

This report gives an overview of key elements for developing peatland
maps and integrating them into national land use monitoring systems and
reporting processes, describes the advantages and limitations of different
choices, and offers practical guidance to facilitate decision-making.

Mapping and monitoring methods are explored to ensure that emissions
and emission reductions are measurable, reportable and verifiable.
Information is given on other benefits from peatland conservation,
restoration, rehabilitation and sustainable management. Country case
studies present current achievements. Finally, recommendations are made
for the development of robust peatland mapping and monitoring.
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