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" PURPOSE OF SURVEY -

1y Objectlves of the survey

‘ The survey was conducted for Lhe purpose of prov1ding
:"data such as a coconut dlstrlbutlon map, resu]ts of goconut
forest 1nventroy and other 1nformatlon neoosgary for utili~
zatlon of coconut tlmber, by mtans of aerial photography

It was also 1ntended for esLabllshlng a. procedure of
the research oh coconut forests in troplcal areas by means
of aerlal photography.

2.' Impllcatlons of the survey of coconut forest

. Qopra, which. prGV1deS one of the. important resources
ffor export in developlnq countrles of the tropics,:is made
_from.coconuts. Slnce it is falrly easy to grow coconut
: even on: barren land,  it:is. widely cultivated in plantations
of the Southeast Asia. and the Oceanla, and provides a major
industry. for these regions.

_In Fljl, too, copra is'an important export item with
the total value of:$5,669,000 (1973) which comes after sugar
{$34; 280 000} and: gold ($6,125,000). Copra production in
-Fljlﬁamounts-to.25,000~metric=tons, making. the country the
second largest producer.of copra. in Melanééia‘énd polinesia,
only next to Papua New Guinea (Pacific Island Year Book -
-1977)¢'nIt_is_hoped,~therefore, that managemeht of planta-~
tions will be continued, producing stable yield of copra.

. However, an important problem has arisen in recent
'years in connection with icoconut plantation.  That is, those
COCOnut trees cultlvated in:plantations are expected to
over-mature. in .40 to 50 years with continuous cropping of
COCOHHtS.V:ThlS w1i1_result ln_lower yleld of copra. per
unit area and threaten the management of plantations as an

industry. . (See Table 3 in IV-1.)



_ Most of those coc0nut plantatlons 1n Fle, whlch were
_eactively cultivate& Lhroughout the long’ colonlcal period,

now seem to be Jn such a sxtuatlon, and there lS a pre681ng
:edustry.‘f _

- ' For that purpose 1t is necessary to carry out regeneraw
_tion of over-matured coconut forests at an early date to
-~change them into younq forests. Further, not only the problem
of;regeneratlon but also the problem of how the yield of plan-
tationsfes]a.whele can be raised by utilizing ag timber the
,steme of ﬁhoSe‘coeonut trees which -are to be felled in large
.numbers has come to the fore.

It is also lmportant from the V1ew point of. natlonal
pollcy for forestry and . of sustamned yield of timber in the
world to extend the ch01ce of species to prov1de timber
_reseurces from those which have hitherto been developed to
new: species with pOSSlbllltleS of utilization such as coconut
" 'so that ljmifed timber resources may be conserved and utilized
effectlvely ' '

- In order to deal w1th these problems, technical develop~
”ment for the utlllzatlon of coconut trees as timber has to
be carrled out flrst.- At the same ‘time, collection of data
on the amount of the resources and the annual standard
felling volume which can be supplied as timber is necessary
fer'determining the feasibility of the industry; In short,
aecurateFaSSessment'ef the resources is essential.

T Hoﬁever, studies and stetistice estimating the volume
of coconut as tlmber are practlcally nil and even the area
of plantatlons is apprOX1mately documented. Even a stand
velume table is not availakle at present, nor has the pro-
cedure of research been developed. o

" The present=survey was conduCted} in view of the gitu-
~ation, to develop_a method of estimating the total growing
stock of coconut timber mainly by means of aerial photo-
gfaphy, and, ét_the same time, to carry out coconut forest



.lnventory in Taveunl Island as a tralnlng area.

- .~ 'These problems mentioned: above are not pecullar only
__to'Fuji, they_are equally 1mportant to other countrles of
_Southé&ét‘Asia*and the Oceania. Therefore, the results of
. the present rpsearch w11l no- doubt contribute to 1nter~
natlonal cooperatlon with exPandlng into other nations. .



II.  SURVEY BACKGROUND ~

.31,? Background of ‘the reallzat:on of the survey.

In September, 1975 the Government of FUJl made a reguest
';through the’ Japanese Ambaseador in Australia for Japan s tech~
' nlcal oooperatlen in hardwood renafforestatlon and so on
(Dlepatch No 0966 Auetralia} - In response to the reeuest,
the Covernment of Japan and the Japan international Coopera-
Lron Agency sentegp_uoyemper, 1976,_a‘pre1;m1nary survey team
headedfpy,Mr;1Tomehisqlrukumori, President of Japan Forest |
Techhical'ﬁssoeiation, to discugs. the contente of the tech~

L nical cooperatlon requested by the Fiji Government,

" Ag a result, it became clear that Japan's technical
cooperatlon wasg requested for the followxng purpoees in con-
neetlon wrth forest utillzatron in Fljl.

(:)';Hardwood renafforestatlon of areas .
'already 1ogged '

,(:)ngroductlon of wood Chlps form
ST enatural forests.

<) ‘Coconut utllrzatron plan and’
S pulping trials.
: - The Japanese Government and the Japan Internatlonal
COOPeratlon Agency reported baok the results of the Feasi~
'blllty Survey for Forestry Development in F131 {March, 1977)
to the Fljl Government on the p0351b111ty of oooPeratlon
regardlng the above Jtems, and, at the same time, asked the
S Fiji prernmenp,esﬂto whlch of the items for technical co~
‘operetioh should be'giVen priority. In reply the Fiji
'GOVLrnmenL transmrtted its intention to the Japanege Govern-
‘ment of giving priority to the item (3) in the Survey report,
Plannlng for utlllzatlon of coconut stands in Taveuni and
ltS adjacent areas, and aerlal photographlng, magplngrand
' collectlon of data hecessary for the purpose (Dispatch No,
-0392 Australla)




ek After examlnatlon, ‘the Japanese Government decided to
'c00perate 1n the survey for plannlng utlllzatlon of coconut
forest jn Taveunl Island '

2. Orqeniéetion”for the realization“of the'survey._
': The survey was. carrled out by a jOlnt venture as below.
' Fljl Forest Aerlal Survey Joint Venture. '

Representatlve"Japan Forest Technlcal A55001at10n,
" Pre51dent Tomohisa Fukumorl,_”‘ .
No. 7, Rokubanﬂcho, Chlyodanku, Tokyo;i
Member. as above. .
: Member- Kokusal Aerial Survey Co., Ltd.,' -
| Pre51dent Kenji Masuyama-- o
_ No._z, Rokubanncho, chlyodanku, Tokyo.
Member: Asia A;r_Survey Co., Ltd.,
,,vPiesiQent,jHixoshi-Motoﬁima;._ : .
._2;16, 5fohome; Tsﬁrumaki;'Setagayanku,'Tokyo.

3. Survey Team

For the purposes descrlbed the follow;ng survey teams

- were organlzed and sent to Fljl.'

1) Prellmlnary survey team for forest exploltatlon.
Scope- S/w discussed and an agreement s1gned.' (See
appendlx 3.) ) _
Collectlng materlal and maklng arrangements for
_ full- -scale surveys 2) and 3).
 periods ‘May 30-June 14, 1977.
Members of the team:



Leadey ff"sadamoto'Watanabe " Vice Director of Forestry -
B ‘ Road Division, Forestry
- Agenecy., o '

- herialisuwrvey . Fumio’ Ishii . - Fiji Forest Aerial-Survey
R - - Joint Venture (Kokusai .
~Rerial gurvey Co., Ltd.)

_ Forest inventory Hiroshi Watahabe  ~‘As above. (Fapan Forest
' ‘ ' Technical Association).

Coordihator Nobumitsu Miyazaki Vice Director of Fofestry
Cenn e - Development Division, JICA,

2) 'Survey'teém for:aeria1 photographing.
.:Scopeé 7{Aerial<§hdtégraphing;_
period: »July. 6~August 24, 1977. .
Nunbers of the team: |

Céotdinator Fﬁﬁio Ishii"__, Fiji’fbrest Aeféil'survey
. s Joint Venture (Kokusai Aeriql
sSurvey  Co.,. Ltd.).

. perial Masaru Shiromaru . Same as above. -

(4 i il ‘ :
phgtogwaphlng Masatsugu Miyama = - Same as above.

3)  Survey team for mapping and coconut forest inventory.
Scopet 'Survey for preparation'of‘tdpographical maps.
Coconut forest inventory..
Period: September 30-November 8, 1977.
Membexs of the team: -



"_fsube:viéor' . Masao Hanega ~ Vice Director of Forastry
' ShAE =-:“P1ann1ng Division; Forestry '
JAgency..

_Cobrdinétor‘_. "Hiroshifwatéﬁébef*Fj]i ForéSﬁ perial survey Joint
‘ ' 0 . Venture (Japan Forest Technical '
‘ Assocmatlonl. :

| f:ﬂappinG: ' TakaShi-Ioquawa_§Same as above. o
B ' : SRR ”(Kokusal Aerial Survey CO., 1td.).

Yoshiaki -Ohtoku . Same as above, -
e (A51a Alr Survey Co., Ltd, ).

- _Coconut Forest . Tadami Imat . - Same as above,
Inventory ' o ' ~{(Japan Forest Technical

“Association.)
Magaaki Mizukami . Same as above,

Yoshimasa Koike Same as above,

'4l-‘Fujiahfagencies_énd personnel connected with the survey.
. Department of Fdreign.hffairs:_ Under~Secretary
ST - P.E. Sotutu.
. Forestry Agency: Conservaﬁor ¢f Forests
IR ' ' G H.D. Williams.

Deputy conservator of Forests
K.T. Yabaki.

Senior Assistant Conservator of Forests
“A. Oram. :

‘ Ministry of Agriculture: Under-Secretary
- . ' - W. Tompson.

Assistant Director of Agriculture
J.M. McPaul,

Agrlcultural statistician
R., Rothfierd. :

Assistant Agricultural Statistician
J. Kumar.



. Mlnistry of Land and Mlneral%."

' Director of Land and Survey General
B. Dutt.

Assistant Dlrector of Land and Survey
G Py Gautam. '

Prlnclpal Surveyer
‘AL Spower.,

" Institute of the Timber Utilization Research:
“principal Utilization Officer
"A.S. Alston, '
LSehng Utilization officer
J. Richolson.,

e Taveun1 Reglonal Offlce"

Pr1nc;pal Offlcer‘
P, Thompson.



ITI. SURVEY AREA

| ﬁ-':l Locatlon

: The survey axea covers about 10 000 ha(hectars) of
: cocanut forests and thc surroundlng areas in Taveunl Island.
:._(ge@ F;g._l and 2, and also the 1n51dc of the front covex. )
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2. soﬁtiiheﬂof;the_sur?e?'area

Locatlon PR R PR BT : S _ s

P Taveunl Island 13 1ocated about 200 km (kilo~'
u:meters) northreast of- &uva, the capital of Fiji, and lies
between. l6° 41" and “17°:1' -in latitude South and between
'179?ﬂ54’~hast and31799q14'-West*in.longitudey.'The,island
' jg about 42 km long ffom north-east to southnwest,_foxming
‘a'long elliptic shape with the average width of 12 km and
a- total area of 43 500 ha. | |

:TOpography

A mountaln range of the 1,000 meter class runs in the
‘centexr of: the island - with the average width of 12 km. Conﬁ
sequently the. terraln is extremoly stoep and the level area
'ls found only 4in the. south—west and a part of the northweast
sectlon of the 1sland Most areas rise from the coast through

short gentle slopes to the steep mountaln area.

Geology and soll
Taveunl ig a hlgh volcanlc rldge belonglng to a linear

_ serlev'of volcanoes in the PalelC Tt was formed malnly
" during the late Tertlary perlod but some of the larger’

.,eruptlons took place durlng the’ late Plelstocene when basaltic

'lavas covered most of ‘theé 1sland and prevented the formatlon
__of frlnglng reefs. Even at present rémains of craters are
_v151b1e in’ many parts of the island. '
Soils are mostly reddnsh 'Loam derlved from decomposed
scof;a, tuff ‘and vegetable matter. They are_very rich in
nutrient'and may be over 1 meter deep in lowland areas,

Cllmatef , o . o
- The prevalllng Wlnds are from the outhﬂeast They
brlng heavy rainfall of up to 5 000 mm per annum to the peaks
”.and southmeastern slopes while the northwestern areas receive
less than half thls amount There is a great deal of cloud

along the maln_rldge and upper slopes throughout the year.

- 11 -



Temperatures range from 16° to 32°C and oecas;onally
':exceed this Wlth ‘annual. means of 31° maximum and 18° mlnlmum
_ }and monthly means ranging. from 23° to 27°C, :
 ?_Hum1d1ty lS hlgh throughout the year; morning humldltles
average 80% while afternoon hunidities average 70%, (relative
humldlty) '

P " s;-: -.'1,‘."; _'
R T T !

fLand utllizatlon

‘Tand is dLVlded up roughly ‘as follows:ﬁ.._ e

_ “Nat1ve reserve - R 4 000 ha

'EjForest reserve ' - 11,300 o
Coconut plantatione : 7,900 (%figgeﬁe)

“53HV1llagee, bush and cultlvatlon 20,300

- Total © 43,500 ha -

Forest arca

| The forest covers the central and eoutheastern parts of
'ethe lsland.r Slnce 1t has not been throughly mapped and.
ltyped, ltS detalls are not avallable.u it seems, however,
that the forest contalns a large number of troplcal raln
 forest species.i The forest 15 d1V1ded lnto Natlve reserve

'and Forest reserve, and 1s dlstlngulshed from the estates

'and the unreserved land._ ' ,
There 15 no tlmber productlon ‘apart from small quantities

ufor local uee by landowners and v1llagers.

-fIndusng

The 1sland once produced cotton and later, sugar; but
the major crop now is copra produced from coconut plantations.
The island is also a large producer of vegetables, especially
Dalo which is shipped to other islands. Cattle and pigs are

also bred in the forest.

- 12 -~



'PoEulatlon : _ ) _

| a As of September, 1976 pOpulation is 7,700. While the
number of Fljians of Indlan stock is lncroa31ng in Fiji,
natlve Fljlane occupy a comparatxvely 1arge proportlon of the
pOpulation of ‘raveuni.

Phe nattve Fujlans, who practlced cannlballsm until
about 100 years ago, are nalve -and friendly people, and they
are. falrly dlllgent.; , _

- 'raveuni seems to have a thher level of standard of
living than other lslands probably becauee of the productlon

e’of copra.

Tranqportatlon, etc.

) There are publlc roads along ‘the coast in the northeast,
northwest and southwestern parts of the island and bus
serVLCes three times a day to cotinect the scattered villages
in these areas. . There are also work roads passable for motox
: vehloles transportlng copra from coconut plantatlons in the
southwest and northeastern parts. _

Inter 1sland transportatlon ‘ig prov1ded by boats. How-
'ever, because of the coral reefs, there .is only one harbox
at Somosomo at the centexr of Lhe island. There is an aijr-
strip at Matel in Lhe northeastern part, Operatlng air
‘service once ‘a day for Suva. | '

Though Lhere is no remarkable tourlst attractlon in
Taveuni, but some V1s1toxe come in search of nature and
primitivity. There is a resort hotel in Waiyevo, and a
villa development has begun recently in Sogulu district.

- 13 -



'*i“ivfffPRESENT7SiT0ATION‘OF COCONUT FORESTS -

_1._ Present smtuatlon of coconut forests and copra production
'1n Flji. ' ' : L

lfl Area of coconut forests.

Present situatlon regardlng cocdonut forevts and copra
productlon in Fiji. according to the data collected can be
_ summarjzed as followsvu-'- ' h '

Table 1. Present 31tuatlon of cocouut forests

,f-'zrze_ - _ Brea Nurber of
- Hectare Acre trees %

Under 10 | 21,040 | 52,000 | 2,600,000 | 23.7

j0-22 | 2,020 | s,000{ 250,000 | 2.3
s2-30 5,460 | 13,480 674,000 | 6.1
30-42 | 85% 21;220 1,061,000 | 9.7
42-57 | 14,110 34;350 1,743,000 | 15.9
s7-72 | 16,810 | 4i,540 | 2,077,000 | 18.9

over 72 | 20,860 .| 41,540 | 2,577,000 | 23.5

Total 88,890 | 219,640 |10,982,000 -

Source: - Fea51b111ty survey for forestry development
in Fiji. .

ACCOIdlng to the tab]e, those trees over 42 years
'occupy 51, 780 ha (58.3% the total), and even those over
57_years occupy 37,670 ha {(42.4%3). The existence of these
.0ld forests reveals the situation referred to in I-2. The
distribution by age class shows clearly that middle and
young forests are very few and that the distribution is
conéiderably unbalanced. Thus, it is clear that cutting

-~ 14 -



should not be carr:ed out by simply starting with the old

age class. and that cutting and regeneration should be

planned on’ the bas1s of sustained yleld management.,
Table 2 glves the dlstrlbutlon of coconut forests by

area.

-~ 15 -~



pable 2. Distribution of coconut forests by area

Acre

© PHJI TOTAL-by Divisions

."‘-%hﬁh"%;;~;4555;- _ _ Area 'ﬁébtare
o T Favouni T h el | 19410
L Yl Qamea Laig | 3500
NORTHERN'DIVISTON| Rabi Los1 | 270
Muew(Bay* . 4054 10011
 “minunu_ ‘&54f 8768
'Buq , 2,275 5618
Macuata , 4167 | tozes
_Rest of Cakaudrove 9492 | 23437
o ' Rotal 3&596‘_8&692
Batiki -~ 166 410
ST CGau 108 ] n7140
C.LOMAIVITI GROUP. | Nairal 251 6356
Koi o 2643 6,525
o], Ovalau Moturiki Makogal ,Wékaya 960 2,370
) | ~ Total 4181 | 116880
T Cicia Tuvuea . 912 22862
“Kabara Komo 269 £65
) Lakeba 1,324 3270
' LAU ‘GROUP'  Vanua Balavu,Yanuca Cikobia | 1827 | 4510
Colw e Ma foku S o d78 | 11890
Mad1a 1,632 4030
Oneata .Na'mu'rk'a Moce B34 2060
. N%ya@ 267 660
Vanuavatu,Totoya 23809 590
Vatoa.0no . 6§34 ,56%
Ogea ,Fulaga 454 L12¢
hdunia.Katafaggjhhgo.Naitauba.Kanacea 2218 5,41 o_A
- Total 1i,086 | 27372
Kabavu 2252 8030
R "Rotuma L320 3260
OTHER . AREAS Yasawas SeT22 6720
e ' Vatulele 135 LOT4
Tailevy ? 7
Rewa. ? ?
' Beqa o 71g_hVJ;715
) 'Toﬁ; 448 | 20850
Grand total 58159 [143.603

Source:

ptilization Reserch Institute

16

pData for Tables 2, 3 and 4 supplied by the Fiji Timber



NQtQé,ﬁThe total area of 53,139 ha given by Table 2

: T't_'dlffers from 88 890 ha giVen by Table 1. . This
is. because the flgures given ‘by Table 2 are only

f:thOSG Of bearlnq foreots. Accordlng to the

tDcpaerent of Agrlculture, preregeneratxon forests
'account for 21% of the total and overnmatured |
Iorests 45% and the rest. are productlon forests
of those younger than 60 years.

' Aco0rding to. the;table 2, coconutlplantations are
_concentrated 1n the Northern DlVlsion, partlcujarly in
'Cakaudnove (Lhe southeastern part of Vanna Levu Island
'along Natewa Bay) and Taveuni. In terms of the proportion
of the area of coconut forests 1n the total land area,
.Taveun1 has the largest proportlon, "hence the reason for
.bELHg the target area of Lhe present survey ‘

1= 2 Productlon of coPra.=
Tables 3 and 4 glve the productlon of copra during

tthe perlod from 1963 to 1976 ‘and the distribution by area.-

Table 3 Annual production of copra (unit ton)

Year' ¢ . . .= - production
1983 0 - 41244
1964 L . e 41209
1965 - 29883
1966 PR 25356
1967 - - 24864
1968 . - S 27734
1969 - | 33449
L1970 o - o 28260
1971 - | 28550
1972 - ‘ 29160
1973 e ‘ 27060
1974 R 27278
1975 - | 23496

1976 - | - - 26510
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'“T€Tabié?§¢- Perﬁction'of_copra by_aréé {unit: ton)

| 975 1976

Vltl Levd and S .
-adjacent. 1slands o964 Ly 594
Lomamvxtl S 2,850 2,676
,_.?Evanua.Levu_ ::&" 8,916 '-8;867
o copaveund o o . 5,833 - 6,852
Coldkaun e 4,385 04,831
CicRadava oo .o 201 . 379
URotuma it oo . 466, 1,256

.Miscellaneous- .~ -~ 9L . 55
23,496 26,510

Productlon ln recent years ranged f£rom 25,000 to

.:27 000 tons."Though there are fluctuatlons in productlon,
the flgures show a sllght decrcasing trend, an ‘indication

'of the decrea31nq productlon capaCLty of over»matured
-forests.‘"' CmEE L N .

_ Areal dlstrlbutlon of productlon of copra corresponds
'-roughly to the areal dlstrlbutlon of coconut forests.

'1?3;7 Species of coconut

Accordlng to the Plants: of the F iii Island by J.W. -
Parpham (Govexnment‘Prlnter,.1972), those species of

"COCoﬁut'foundfin'Fiji.are as follows:~

'Cocos nu01fera Llnn Coconut; Niu;_Niu Dina.

. The coconut “is ‘the bast known of all the palms. . The
_'products of.the;coconut-have-a wide variety of ‘uses; one
'oszijiis'major exports is coconut oil which is produced
by crﬁshinq'the copra. It is estimated that coconuts for
.qopra productlon occupy. ‘170,000 acres. .

The following names are . applied to different types of
.coconut palms  in Fiji:s '

- 18 -



TALL PALMS: c _
- NIU VULA' Tall palms with green nuts.
| NIU DAMU: Trall palms with orange nuts.
JNIU-DRAU:;'Tall palmq bearing a large number of small
o . nutq :
;NIU NI TOGA' Tall palms with laxrge nuts,
NIU NI MAGIMAGI _Tall palms with elongated nuts which
have a large area of husk mwsowu{u which 1s used
o for maklng sennet.mmgmmgl) _
kROTUMAN' Tall palms w1th the reputatlon of bearing
e very large nuts. Usually not heavy bearers.,
| NIU YABIA.__?hQ "weeping!” coconut. Tall palms with
drooplﬁg pinhée; hét common; usually bears few,
o small nuts. .
DWARP PALMS._ . .
NIU LEKA:  The Pl]lan dwarf Wthh ugually beairs green
| nuLs, 1t grows to a height intermediate between
.. the Mélayan dwarf and the typical tall palm.
. MALAYAN DWARF: ntxoduced The_nuts are either orange
_Qr,yellow.;. | | _
NIU LEKA X MALAYAN DWARF (FIJI HYBRID): The hybrid is
_a result of Marechal's work in the late 1920's and
is cdnsidered t6 be a gbod type of palm, usually
beafihg an above average number of orange or green

coloured nuts.

_ The former group is normally called Fiji Tall and the
latter Malayan Dwarf.

Fiji Tall are common species in Fiji. With regard
to Malayan Dwarf species, the number has been increasing
recently because they bear a large number of nuts,
resulting in a large yield of copra per unit area, though
they are not vexry tall. Their defects are that they decay
after 40 to 50 years and that they are not strong against

hurricanes.
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2. Present situation of coconut forests in Taveuni

Pregent'éituation of coconut forests in Taveuni based
S on the results of the survey can be summarized as follows:~

The total area of ¢oconut forests is 10,876 ha, haV1ng
the total volume of 754 047 m3 (cublc meters) Thuq_the
volume pex. hoctare is 69 m3/ha. | L - :

The forests are 1ocated malnly along the coast except
the- southeastorn part of the 1sland, partlcularly in the
flat area of the southwest and also in the northeast,

_ Flg 3. and Table 5 glve the dlstrlbutlon area and the
volume by age ‘class. : '
| These data show that those 'trees over 50 years account
for 43. 7% of the total and that regeneration:is a pressing
need. The dlstrlbutlon of area by age class is almost
identical to‘that for ijluas'a whole - (Table 1): very un-
balanced distribution with very few production forests in
the age class V. ' N ' '

Production of copra in Taveuni'was 5, 833't0ns in 1975
and 6,852 tons 1n 1976, accountlng roughly a quarter of the-

total productlon in Fiji. o
| Most of the existing spec1es are Fiji Tall, and Malayan
Dwarf, planted malnly as the lower story of the two-storied

forest.
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Pable 5.

‘Coconut - forests in Taveuni

Age cla»s

1l e 0 2779 05 384 03
S . lof . R - . - - e e e
| S 393.‘13 8. 2 '51.‘932
v 343'.23 3.2 ?0729
. . .20-._ - ,. _.. e el e i e
SV : 28218 2.1 12247
e _232.1_5 2.1 1'1865
e e e BT e PR DRI S LRSI
it : 44689 4.1 30112
i ST I 8'0.38 5.3 34858
w,,ﬁ__:_..ﬁ--,,,.,...do- - i AT S P! S SO GO S —
X - 95 L82 8.9 74,48 8

'Area

'sziooha

Percentage

Do

4 6,886

4 2,740

4 4,6 77

2.

" Percentage | -

2 %

s
o
e
o
e |
es |
TR
s

XUl 737208 6.8 . 535 1 4 71

IV 81253 7.5 80,787 107
s 70 T ) - — T

XV 67904 6. 2 59,2 41 79

XV 40626 3.7 36,030 4.8
e | B T o Il it e e e

i 29019 2.7 33603 4 5

b 4/ IESCE R 17 1) i. 6 -5, 9.5 6 2.1
I .._.gg__..__ R T AR

XIX ‘ ‘ 23218 2.1 21521 3.6

thndoWzr L o1r41z 1.6 16147 21

7

9

Note‘ The age classes have been estlmated by the method descrlbed '
EEEREET VITI~-1. ; . _
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1 ¥ PHOTOGRAPHING OPERATION

1;  Plannlng

The present survey beglns Wlth aerial photographlnq
Flrst, the followlng photographlng plan based on Lhe existing
topographlcal map on a scale 1:50, 000 was worked out.,

Photographing speclftcatlons

f'PhOtQ scale:' '“if> *1/2000 _
f~camera:“‘ -;~ .+ wide angle camera with a 15 cm
o | focal length lens. '
LHelght of ' '

the datum level. 617 m.
L Fl1ght altltude. - 3,670 m.
: ﬁumber of courses-. _5 courst.paral1el to the length
o ' '  of the island. '
;OVéflap:~“- S e0%. *

. Sidelap: © . o 30%.

'Films:_' o E B/Wfpanchromatic.

2. Photographlng Operatlon

Photographlng operatlon was conducted from July 6 to .
August 24, 1977. The airsgtrip at Mate1 was used as the base
for the operatlon, and photographing fllghts.were made ac-
| cording to the weather condition. However; there was not
even one day when the weather was clear over the whole
.1sland, and, consequently, photographlng was carried out
plecemeal, supplenented by additional flights.

rarticularly the central ridge of the island was always
covered with ﬁhickjclouds, and it was not possible to obtain
completely clear photographs in spite of repeated attempts.

However, photogfaphing within the range of cloudiness
specified_iﬁ the Scope of Work'was carried ocut, and clear
phOtégraphs of the coconut plantation areas, the objective
of the survey, were obtained,

- 23 -



Anrcraft and other items used for the operatlon were
-as follows.' '

- Aircraft . Beechcraft Co.  Beech 95-C55
(Chartered from Fiji Air.)
~Camera  Wild Co. RC-8 (F. 152,02 fw) .

Films = Fuji Film Co. Fujl Aerofllms Ss.

3. Pr003951ng and edltlng

_ bxposed £ilms were developed and edlted, and the follow-
1ng resu]ts vere obtalned. '

”Negatlve fllms 1 copy
Positive films 1 dbpy'
Contact prlnts't ‘2 copies -
Original 1ndex map :l”cbpyﬂ’
Copy of the: above -2'coples

_ Table 6 glves the detalls of the edited aerlal photo—
graphs, and Flg. 4 the Jndex map

Table 6
.4"_':('30{,1.'1::5'9:2'116. - Photo no_."_"- ' -Cop'ie.s . _ Date
A Y 5 - 7/30
cL ' 27
B 1wv22 /24
oA 1Az 7/29
- c2 L 32
B 1N 1 7/29
. A B G VI 7/27
c3 B . 1 13 34 7/30
C 112 _ /29
¥ 1A 12 7/29
c4 B 1na 0 29 7/30
c 1A 8 7/29
c5 118 15 7/29
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4. Preparatlon 0£ an aerlal photo moqalo

Flrst, contact prints were made from the developed
;fllms.; They wero then affixed oh to a topographlcal nap
which had been prepared by enlarglng in scale from 1/50 000
to 1/20, 000 With regard to “the ‘central rldge which could
not be photoqraphed w;thout clouds, - existing - aerial photo-
| graphs Laken by the British Government in 1965 (photo. scale
1/20 000 and kept by. the Fiji Government) were used. Though
there was a. lapse of 12 years w1th those photographs, since
they oover only - Lhe v1rg1n forest area near the peaks, they
seem to. serve the purpose of the present. survey.: '

. Pinally, the oompleted mosaic was panelled, and its

reprints were made on CH paper..
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IV. PREPARATION OF A TOPOGRAPHICAL MAP

:Fieid'ﬁerkiﬁg
1~1. Pricklng of control pointsg for aer:al trlangulatlon.

Prlcklng of. control ponnts necessary for aerlal tyi-

‘.angulatlon was carrned out at the existing trlangulatlon

t'pOlnfS and aubtrlangulatlon points.

'As Fig.. 5 shows, datum points in Taveunl have already

_ xbeen surveyed and there are 15 trlanqulataon p01nts {in-
}fcludlng 3 subtrlangulatlon p01nts) Thus, aerlal photOW'

'(egraphs enlarged four times were brought over to Taveunl for
'uprlcklng of trlangulatlon po:nts. The. trlangulatlon p01nts

in: this’ area are comparatlvely well kept though many of -
them are under deep- vegetatlon. Eventually the follow1ng
p01nts, excludlng those at Ululqalac and Vlubanl, were
prlcked '

Trlangulatlon p01ntq'uf:'vll

Sub trlangulataon p01nts‘_¥2-

- The operatlon 1ncluded skeches of a p051t10n map of

control staLlon S0 that aerlal trlangulatlon could be
carrxed out satlsfactorlly

....27...
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1-2. Survey for mapplng operatlon
Survey was carrled out on the follow1ng p01nts to
supplement by mapplng machtne. '

, 1)5'“"tabllshment of Lhose detalls unldentlflable on
the mapplnq machxne such detalls of the coast line,
'plantdtlon bOundarles, etc.- ' ' '

- 2} Conflrmatlon of the locatlons of publlc bodles and

Tfmaln bulldlngs and thelr names.
1?3) survey of proper nameés such place names .

4y Addlthnal survpy of those 1ncomplete areas due to

'*cloudlness"“

"Aerlal trlangulatlon

2~l.; Selectlon of pass p01nts and thelr transfer.

) Pass po;nts necgssary for mapping. were selected,
‘allocating 6 points to each aerial model, together with

tiepoints as below.

A Control point

. {Triangulation po:.nt)
X Pass polint

* Pigpoint

“Fig., 6.



ST Further, the pos1tions of these pass po;nts and of fﬂ*"
.G cont o p01nts prlcked 1n Taveun: vere. transfered on to

;;_posi_ vegfllms by us1ng a point transfer deV1oe, P U G's,f
;jby Wlld Co.__&::;- - R L

'2 2;=QDetermlnatlon and ealculatlon of: coordinates

- COOrdlnates on photographs were determlned regardlnq
”7”the pass 901nts and control points by u51ng a stereo-
.”comparator by Carl Zers S S .
Based on these coordlnates, ground ooordlnates of pass
'po;nts were ca]culated for each course by the ana]ytlcal
"faerlal trlangulatlon meLhod._ Then, adjustment for all the
course was carrled out by block adjustment method Wlth
tiepomnts as connectlons. However, since there were not 7
:;enough elevatlon p01nts, clear zndependent elevation poxnts
fwere selected from a: tOpng&pth&l map of. the scale 1/50, 000
“‘fto prOV1de lnformatlon on. elevatlons._ The electronlc com~
. puter used for calculatlon was. FACOM230 ~4508. -
_‘i The fOllOWlng results were obtalned from the above
fOperatlon (attached)*"-h:;

:;POSltlon map of control statlons.'_ 1 copy
t;Results of aer1a1 trlangulatlon... 1 copy
-Posjtlve fllms w1th pass po;nts transferred
-(transferred on to the results _

obtalned in V~3) ' "j_: - R copy

3 Mapplng of a topographlcal map

' Mapplng oL a topographlcal MApP Was carrled out on the
basis of pass p01nts coordlnates obtalned by aerial trlanqula-'
”tion descrlbed in the prev1ous sectlon and the results of the ”
fleld survey. The mapping scale was 1/10 000 and the lnterval
'between contour lines wau ‘10 m for main lines and 50 m for
1ndex contour Jlnes._ As for the mapplng machlne, the Planimat

1D2 by Carl Zelss was used
However, as for those area affected by clouds and the



'V1rg1n foreet areas not connected with coconut plantations,
the. contour llnes were drawn on the basis of the Lopographtcal
“map . of the scale 1/50 000 (prepared by the British Government
and kept by the Fl]l Government)

«Flnally, an - orlglnal map was. prepared by tracing the
mapped eriginal on polyester paper, which was then copied to
obtain a copied original map. ' | | |



VII.. COCONUT FOREST. INVENTORY -

1. :Fofﬁatien of-surveY-ﬁethod.;”
i EYROES Items needed for the survey.

In order to prepare baSlC material for the pol:cy for
regeneratlng and utlllzlng the aglng coconut forests, those
1tems requlred for the present survey can be qummarlzex as
follow3°4__H _ ' '

1y Accurate estlmatlon of the total volume of coconut
:'tlmber 1n Taveunl. '

~2) Its dlstrlbutlon and detail.

3}’ Development of procedure of research for coconut
';foreet lnventory and preparatlon of a work manual.

| 4) Preparatlon of aerlal photo volume table and standard
1nterpretatlon cards as ba31c materlal. '

" In other words, the survey was to obtain the total
‘volume of coconut timber in Taveuni, to show exactly where
it exists by a distribution map and a detailed table, to
establlsh the method of coconut forest 1nventory through
these operatlons and prepare a work manual which can be
used.by-Eljl Government independently in future..

1—2.1 outline of the method ' |

The method to be used- for the. above purposes can be
'leLded 1nto two parto survey of the total volume and more
_deta;led survey:of sectlons,

 For the estimation of the total volume given under

1-1~ 1), we decided to take a eampllng method because of
'restrictlons on the cost and the time.

‘The- ampllng method ig to select at random eamples
from the target area for deLalled examination. The reeults
obtalned are then used to induce the whole.
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Slnce thls method is baecd on statlstlcal theories '
for 1nduct10n, the estlmates obtalned possess statistical
*meanlngs. '

However, the sampllng method is basically to estimate
Lhe whole (total volume) . Therefore, it does not_prov1de
'the distribution and detall for the purpose given under
1-1-2), Accordlngly, another method has to be devised.

: Since 1t is dlfflcult in terms of costs to carry out
field survey oh the entlle area; the method based on inter-
pretation of aerial photographs was devised,

Aerial photographe have the function to catch dlrectly
the aetual 51tuatlon, and these are, therefore, most suit-
able'for_obtaining the distribution. Further, by using
a photo volume table {a volhme table for aerial photographs)
or by coﬁparinQVthem with standard interpretation cards,
'(cards for interpretation of aerial photographs), the volume
in eaeh sectlon can also be obtained., Since both the aerial
photo volume table and standard 1nterpretatlon cards are not
avallable at present, the survey has to begin with prepara-
tion of_these:materiai first. However, in view of the
possible extension of the survey to the entire country in
future, it is worthwhile to prepare these material.

“Thus, 1t was concluded that the best procedure for the
present survey would be the comblnatlon of the sampling
method and the detailed survey baged on 1nterpretat10n of
~aerlal photographs.

Further, since the total volume w111 be accumulated
in detailed survey, it can be evaluated to see if it is
within the confidence 11m1t of the total volume obtained
by sampling method

Fig. 7 gives the flow chart for the survey based on
the comblnatlon method.

Further, for the above operatlon it is necessary to
obtain a volume table of coconut gtem as the basis. There~
fore}'sectional measurement will be carried out for about
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100 sample trees. By analyging factore such ag stem helght
‘a volume equation will be obtalned to prepare a volume

'table.' _

By thlS method data for éach block of coconut forests
(area,_number of trees, tree height and volume), distribu-
| 'tion map (1/10 000).,. location map {1/50, 000) and a utiliza-
tlon plan can be obtained. For wider use, a coconut volume
table, photo volume table, standard 1nterpretat10n cards
and a manual of cqconut forest_lnventory were also obtained.
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Flow chart for survey of coconut forests
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 Notes: 1) - _ e :
] _.Depends on age claes (young, middle and old),

: table, numberlng 100._ Measurement of stem

Stratum unlt.,

‘:-eructure of crown story. (smngle, two~stor1ed)
. ;and degree of utilization (in uwse, idle). 5
jgstrata {4, strata in the case of sampl:ng to
IVexclude idle stratum). '

Samp.le_ plot, "

‘nISO—plots. Size:fc 2.ha.(circ]e);

Sample ‘trees {a).... For preparation of volume

”helght and dlameter every 2 m- helght taken by

'.?cllmblng.__

R

5y
, examlned for photo volume table: for example

6)

SampleftreeS-(b):,ﬂ.-For preparation qftphoto.-

_volume‘table; humbering 180, Trees closest

to'the eenter of sample plot.

Factors for’ correlatlon analysis. FPactors

e'tree,he;ght, crown_dlameter and tree age.

Stahdatd'iﬁtexpretation cards,

' Casest 20,

Planniﬁgiand'preparation

2-1. Plenniﬂg

_ In order to carry out the survey satlsfactorlly,
_materlal relatlng to the survey was collected. The material
collected ineluded results obtained by the feasibility study
team and the prellmlnary survey team and also various reports

relatlng to coconut,
‘The' survey was planned on the basig of these material

“and Lhe situation in the target area.
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%..2“2-‘*Preparation'
The fol]owing materla] was prepared to he used for
the survey."" ' _
1) Aerlal phoLograph (1/100 000)"'? Phe negatives
obtalned under V-3 were used Lo produce onlarged prlnts

':(2 tlmes)

'2) Aerlal photo mosalo.... The negatlves used for aerlal
.-phofo mOSdlC under V-4 were used to produce 1/10,000

'aerlal photo mosalc.'

o 3) Ba51c map (l/JOO 000) ..,;The original map obtained
'_unde;;VI.B,wav used_to_proddoe a copied original map to
'be uSéd'aé ﬁhé bésic map.

4) . 1/50 000 topographlcal mdp. ‘The existing mép was

used

3. PfelihinarY?inﬁerpxotation.

"Fifét;:the éfea'of oocoﬁﬁt forests was marked by inter-
pretlng aerlal photographs. Further, plantatlon boundarles
and boundarles 1n terms of planted year and forest type were
marked - . ' ' '
' Then, general data such as tree height and crown density
were_;nterpreted for every seotlon. They were then arranged
aooofding-to‘age olasé (ybﬁng, middle and old) , structure of
the: crown (51ngle and two~storled) ‘and the. degree of utiliza-
_Llon (ut11lzed or idled) and marked temporarlly with dermato-

graph pen01l_on the photograph.

4. Stratlflcatlon

Stratlfncatlon for sampllng should be dotermlned in
such a way that varlanoo within straLum wonld be szmall- and
varlance between strata would be large depending on the type.
~Various factors were examined to be considered for
stratum unlt, and age.class {tree height considered), struC~_
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nture of crown story and the degree of utillzatlon ware found_
to be most sultable.; Thus, stratlflcatlon was: carrled out o
on the crlterla glven by Table To " By usang the temporary
_marks entered on the aerlal photOgraphs each sectlon was
: exam:ned an terms of stratlflcatlon,_and the boundaries"
%1based on stratlflcatlon were then entered ‘on the photogrephs.

:”: Table 7

Wétfatum'unitx ‘ii" Code

".Younq forest 1n use .f)Yi-}"

fMlddle forest in use" { Miil

ftold-forest in use _f {or]
_JTwoﬂstor;ee_forest b1
~dn use ‘ o

1dle forest [ E ]

' These boundarles were then transferred on to the aerial
photo mosalc.' Polyester paper wmth square 11nes, each’ block"
representlng an area 100 m x 100 i, was. placed ‘on the mosaic
'to trace the stratlflcatlon boundarmes. A runnlng number
‘was then glven to each stratum to produce a stratlflcatlon
map., _"". : .
' An example of the aerlal photo mosaic used for stratl—
f1cat10n and btratlflcatlon map are. glVen in Fig. 8.
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5. Sampling of sample plot and sample trees
541. gampling of sample plot

samples were selected by stratified random sampling.
Tn the light of the work schedule and costs, the number of
samples was to be 167, and allocation to each stratum was

based on proportional allocation.

ni: number of samples in i~stratum.
n : total of sanples (167)
A Ai: area of i~stratum,

A: total area.

With regard to those belonging to E-stratum, since
they are left idle, many of them are of extremely low
density. Therefore, though they werc dispersed over a
wide area, they were not expected to influence the total
volume, and it was decided not to include them as a target
of sampling estimation. Allocation was, therefore, for
the first four strata. However, since it might be necessary
to have material concerning E~stratum for interpretation by
klock under the section fl, 13 samples were selected in~
deperidently {(thus the number of sample plots for timber
cruise under 6-1 would be 180).

| Allocation to each stratum was thus calculated as
Table.s.

Table 8.
Numbex of Area
sample {measured on photo mosaic)

[ ¥T ] 18 1,028 ha
[ MI ] 48 2,750
{ o1 1 90 5,181
[ DI ] 11 634
{ E ] {(13) 1,283
Total 180 10,876
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. Those area volues were calculated from the aerial
photo mosalc, and are not therefore, real values on the
fleld However, they are expected to have enouéh aécuracy
to prov1de 1nformatlon for allocation to strata.

Selected samplcs were entered on the aerial photo
mosalc thh 9amp1e numbers._ They were further tran ferred
to acrial photographs for convenience in field work.

5-2, 'Selection‘of_sample'trees {b)

“8ample trees (b)‘are those to be used for preparation
of photo volﬁme table, It reguires more than 100 samples,
Since_i# would not be objective enough to adopt observafional
sampling in this case, it was decided to use standing trees
in thosé sample plots selected by random sampling under 5-1,
In practice those which were closest to the center of the
plot were used as a rule. Accordingly, the number of sample
trees is the same as that of sample plots--180.

5—3;‘ Selectlon of sample trees (a)

Sample.trees (a) are those to be used for preparation
of Vqlﬁme table; It also reQuires more than 100 samples.
‘Basically they are of the same nature as that of sample
trees (b), and it is désirable to have identical ones.
Howeﬁer, since the field work for that purpose would be
too exten31ve, 1t was decided to have the minimum nunbex
of about 100 which were selected from the sample trees {b).

6. wield working
6-1,  Timber cruise of sample plot (survey for estimation
of total volume) ,
Those photographs on which positions of samples were
entered were taken to the survey area and the center of
the sample plot was determined, and the circular plot of
0.2 ha (radlal 25.23 m) was set up.
Then all the trees in the plot were measured for stem
height (height from ground to first leaf) and central dia-
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meter (stém diameter at Qentral height) . Resulté of the
measurement are contained in the Field survey note (Table

9 contains part of it). |

| ‘Bquipment used for the sﬁrvey included Blume Leiss
for stem height and the Relaskop for central diameter.
Instructions fof the use of Relaskop are given in Appendix
v, :

“pable 9. TField survey note

Plot bo. = . R Flot area 0,2 ha
: Central diaveter Central diametor
teee|sten | T T Troe|stem [~ [ —]
: . syrenent . volume {m? : S Ol a3
Ho. [icight Hcavalfm corroction) I o height, ""e,a::;:i:o“t Corrcethon| oture )
o ak 3 -
o feren Ralaskop yatue o Aien Rolaskop] V31w
1 26
N : - - R — - ]
2 27
3 28
4 29
5 0
I3 n
K 32
8 33
9 34 ]
10 15
——— e - — e dam—— Rl - ——— . -
11 ’ 36
12 .. 37
13 . ) 1
14 . e
15 ) : 40
| . - — e —
16 4)
17 42
— i PEE— S N ——
18 ) . 43
S S N 1 1
133
20
- - — S O [ o
21
———— S JEE JUONR . SR —
2
23 48
. IO SEPDUSMIINY SOOI S S FRUEOURNY NN J———
24 . 19
25 . 50
turber of dean central
tree Hean stem |- diamaeter Vol wae Nurber of tree Volune
‘hefght | . ...~ B N o t B ha,
pei plot | height Hessurement | correction . | PEY PI° pet ha per
- value __vaive . e
Upper
trec
1aver
trece
JRN S PO ST PR KRV SRS OPUUNIE L ]
Futal \_




6~2. Survey for preparatlon of volume table

107 sample trees (a) were seleoted from sample trees
(b) 1n the eurvey area to prepare volume teb]e, taklnq into
conelderation the stratlflod dlstrlbutlon. '

For preparlng the volume table, stem volume, central
dlameter stem helght, ag the factor for est:matlon, are
necessary in actua] value. In order to obtaln the actual
volume of stem, the specimen tree should he felled divided
into roughly equal sectlons at the shortest p0531ble in~
tervals ‘and measured at each section for diameter at bottom
end and for ‘diameter at top end. Then the volume can be
obtained by Sma]xan s formula ([see 7-1).

However, 1t was antlclpated that cuttlng of some 100
gample trees’ would meet restrictions from the work schedule
andfalso from compenqatlon. Thus, it was decided to measure
the’standlng tree by climbing at 1ntervals of 2 m in helght.

' wlth reqard to measuring by cllmblnq, as Fig. 9 shows, '
the climber: lowero one end of a 50 m tape to the ground and
haszit secured He then takes the reading of stem height
and measures the dlameter at top end of stem {diameter tape
to be used). , ‘ '

Then the! en& of the tape is secured at 0.3m above the
ground level to exclude’ the stunp sectlon, and the climber
neasures the dlameter at even numbers on the tape, {i.e.,
24, 22...6, 4, 2m), while comlng down from the top. Finally
the diameter at. 0, ,3m above the ground level and that at the
ground 1eVel are to ‘be measured.

W1th regard to the central dlameter, it was cbtained
- by taklng the average of diameters at bottom and top ends
of the section oorrespondlng to the median of stem height.

For example, if the stem helght is 15.0m, the median
would be 15m/2 =7.5m. Thus, if the diameter at 6m+0. 3m is
28cm and that at 8m+0Q. 3m is 26cm, the central diameter can

be obtained as follows:-
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leference in dlameter betwcen atr . _
. 6+0, 3m and at 8+0.3®m v..v.ioe... 2 ONM

.,NjInterval qt the medaan'......(8m+0 3m)w(6m+0 3m) 2m
7. 5m~(6m+0 3m)=1.2m

Sy e

‘leference in dlameter for every 1 om ln helght
' 2cms 200cm 0. 0lem

5leference 1n dlameter from the helght 6m+0.,3m
0 Olcm X 1200mu1 2Qm

CoaL

wlcm

Therefore, the cent:al diameter in thlS case would be
zBum—lcmﬂ27cm

Reading the stem Y
~heignt on the

.tdape and measur-
ing the diametex

Measuring the -
diamter every ©
C2w in height

BRI ey

NEA S

(1) Thé tape is to be. secured.

RN ]x

™ 2m

e e,

at the grOund level Stem
" helght and the diameter
.at top end of stem are to

be measured.

AT

o
-

EELﬁ*

L) \_3""-792'\"-;»\\ T T T o

-

. (2) Then the tapé is to bhe secured

at 0.3m above the ground level,
and’ the dlameter is to be
measured every 2m in height.

Fig. 9..Measurement of diameter, etc. by ¢limbing
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Results of the survey on sample trees are .given. in.

the appendlx Coconut stem analysis report by cllmbmng.-.

(Table 10 glVES an example )

Sample tree No., - 0~7l

KWhole. tree I P
Crcwn diameter.

Cpable 10;

. Species: Fiji-Tall

Breabt h91ght

As for sample trees (b),

helght E 235m 75m dlameter : 32cm Trée.age : 70
.Sgpglon ‘Accumulatlve . Interval lDiametef" ﬁntervaI; Accpmulgtlve
No. helght 1ength © volume volume

Under . 19.5 ' 19 o -
leaf = T 31 ‘ 0.0375 1.2153
section .. - 18.3 . . . L - -
9 ez o 20 Ly . 0.0727 1.1778
8. 14.3 2.0 " 0.0833 1.1051
7 12.3 270 26 0.0983 -1.0218
_6 10.3 2.0 26 0.10?2 0.9235
'§ 8.3 2.0 29 0.1191 0.8173
4 6.3 2,0 1 0.1416 0f6982
.3 4.3 2.0 30 0.1462 0.5566
2 2.3 2.0 | 1 0.1462 0.4104
1 0.3 2.0 42 0.2140 0.2642
Stump 0. 0m 0.3m socm 005023 0.0502m2
- MEMO
6~3. Survey for preparation of photo volume table

whole tree height (height

" from ground to top end of leaf), stem height, central

diameter and crown diameter were measured.

For measuring

whole tree height and stem height Blume~-Leiss was used and
for central diameter and crown diameter Relaskop was used.

However, actually only whole tree height and crown dia-

metér were measured as others duplicated those obtained

under timber cruise in the plot.
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_ Further, though tree age was surveyed ‘as the plot re~
'prcsented the block, it was dlfflcult to obtaln accurate
flgures as many of  the trees were 70 to 80 years old due -
to’ the old hlstory of p]antatlons ih Taveuni. Informatlon'
T was obtalned vezbally from the natlve workers, whiéh was i
_supplemented by informatlon obtained from Lhe plantatlon'_
owners., Results of the survey are glven as Table 11,

o In01dentally, the. field survey revealed that the plot
of 0 2ha in MI“-stratum and aJso in E~stratum had no coconut
:trees.. ThlS was because. the sample plot was selected at
random from the btand in a stratum unit under Sectlon 4.
As a result, the ‘number of samples: to be used for analysis
was 178. o



pable 11. Survey resulis for’ prepara’clon
. of photo volume table ' '
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6-@}' Conflrmatlon of plantatlon blocks

. Plantatlons in Taveuni can be classified in three
,categé§;est_1)-largewscale management (called estates -
 1ocally and are often owned by foreigners); 2) Fijian manage-

ment. (around the. villages); and 3) public plantations run
by the government. , .

Informdtlon was collected verbally at the Aqucultural

fflce in. Taveuni regarding the plantation boundarles,

.Whlbh were entered on the photo mosaic, Howeyer, it was
,dlfflcult to determine the plantation boundaries. Beéause
these boundaries were not clear, and futher more, were
not corresponded with owened boundaries, 8Since accurate
;plans were not available and information was based on
pergonal reqollectlons of the office staff, objectivity
could not be established. However, as for afforestation
after 1964, the area of afforestation in the plantation
has been recorded on cards as it was financed by the Govern-
ment. |

Thetéfdré} the'plantation boundaries referred to in
the preqent survey should be understood as those for the
’survey ' '

CWith regard to a dlsparate section due to the dif-
ference ‘in tree ‘height, the number of trees and density,
it was treated as a forest type in preliminary interpreta-
tioh of aerial photographs. It was then confirmed in the
field survey and was entered on the photographs. Informa-
tion on tree age obtained at the site was also considered.

6~5. survey for establishment of utilization plan.

Survey was also conducted regarding skidding and
transportatlon necessary for the establishment of utlization
plan. Further, survey was conducted regarding the hauling

network and harbor facilities for exportation, and new

faCilities.wére to be planned if necessary.



v Accordlng to the resu}ts oft the survey, the taréet
area (coconut forests) are comparatively flat or gentle
sloplpg groundf Consequently, skidding can be carried out
by tradtor or even by truck equipped with a winch in some
parts.  Ag for hauling, there were already walking roads
in the plantations and. they secemed to be suitable for the

- purpose, and there was no nece551ty of planning new roads.

Slnce there is only one harbor at present, it was

ant101pated that it would not be able to cope intensively
with 1arge quantltles of export such as amounting to the
total volume avallable 1n the island. However, it was
found Qut,through calculation of sustained vyield that ex-
portation .amount to 16,000~17,000m3 a year, so it would
bé ab1e.to-cope;:.It was, however, found to be necessary
tq:plan_a-new +imber basin attached to the haxbor.

7. : Preparation of a volume table

7-1. Calculation of actual volume of a single tree
belonging to sample trees (a). '
:Actualavolume,of a single sample tree was calculated

-by‘using_thefdiameterlvalues for every 2m in height obtained
by climbing. = | |

_ - As for stereometry, Smalian's formula was used, and
thetreSults—were-accumulated.to'obtain the actual volune
as below. .

tion
Stump sectl . Under leaf

; section
g0: R -8 +En
}03—-‘-"2.0-"_" i—— 20 -—1---20 -»-mfrw s 20._‘” = E—l

- B3 -~



,Aetual volume of a. Slng]e Lree = stump volume* + 1nterva1

volume % volume of under leaf sectlon.

L gp t g _
-Stump volume = ““92 E X 0.3

Interval volume = eeimlﬁxg-o + 92 Hixz op. . dn-aten-1
TSR e e 2 7 v -“*“'*--2*-“»— E
(gl+gn_

o7+ g2 g3 4 coerk gpog) x 2.0

L
.

O

_iVOlume of under leaf sectlon = EE:%Mi_gﬂ X R

: Results obtalned are contalned in the appendix Results

':Jof measurement of sample trees under Interval volume and
JAccumulat1Ve volume The table. gives as Slngle tree volume
fthe volume including stump volume, but the volume to be
-{used ‘ag dependent variables for volume estlmatlon formula

' descrlbed in the next sectlon does not include stump volume.

'7f2,_ Calculatlon of volume estimation formula and pre-
paratlon of volume table.

In order to obtaln volume estimation formula, regres—
‘151on ana1y51s ‘was made, using actual volumes of sample
trees calculated under 7-1 as dependent varlables and using
'stem helght and central diameter which were thought to be
:closely related to them as variables.

_ However, 31nce analytlcal study of thlS kind has never
been made, it lS necessary to flnd a suxtable formula for
:estlmatlng valume of coconut, For Lhat purpose; the follow-

_dlng three formula were eXamlned to select the basic formula

:ln the llght of the naLure of coconut stem which is cloee

_fto log..

~;‘laﬁ'0l§ga- Db'Hc ‘ v : Volume
o2 y=tal (omb _ D : Central diameter
3 v =a (D2)P 1 : Stem height .

a,b,c:Parameter



calcilation was carried out by electronic computer (1M
3.‘!0/168) . The: results of regressic,n ana]-YSiS are given
as ‘Table 12._ '
. fable 12.

o Maltipd
. 8tand volume formula correlation Number of
T o ) R ] coefficient data
1 v=0.0003 p 67027, 096752 gy 107
2. Y = 0.0025 (DH) 0,9748259 0.9738 "
g 0.9549867 '
3 v = 0.9791 "

0:0001 (02K)

- As énother indicator of prec¢ision, standard deviation
of’residuals and the rate of gtandard error were obtained
from the_differenbe'betwéen the actual measurements and
 estimated values“fqr each formula as Table 13.

Table 13
: Mean . Standard deviation  Rate of standard
rgsiduals - of residuals error
N - 0.0074 0.0762 9.85 %
‘20,0087 0.0900 11.64 %
3 ‘0;0b76 0.0781 10.10 %

*Number of data = 107

e _ Standard deviation of residual _
#Rate 9f standard error = g tToF Actual measurement x 100

'tTotai of actual measurements 82,7594 )'
Mean of actual measurements 0.77345
As a result, the first formula with the highest multi-
+ and a low rate of standarxd
suitable for volume egtimation

ple corxrelation coefficien
error was found to be most
formula.

-~ BH -



'.'ihustthe volhmq:estimation formula‘for coconut is:-

The volume table was prepared by the above formula,
having central dlameter and stem height as factors, prea:-
sented ag Table 14.

‘ _-11 Though it Was thought to be desirable té calculate
:.separately for Fl]l Tall and Malayan Dwarf, they were

. comblned for calculation as there were few sample trees
f.of Malayan Dwarf and there was not much difference in -
*relation between stem volume and stem height.
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Table 14. Volume table of coconut tree

volume (m®)

g; contral diameter (cm) Volumne gstimation fermula
D% Grom helght (m) V = 0.0003 x pl-6235237 _ 0.967452
u(d@»_ 12 i, '."16 o e ) 20 2 2. ] 26 }. o8 B 1 3 4 3 ) £0
v | 0.0070 {o.0818 | 0,0270] 0,0327 | 0.0385 | 6.0453 10,0522 | 0.0595 | 0,0671 {0,0790{0.0833 10,0915 {04099 o201 0.1107
"2 | oo Jo.oas 0.0525 | 0.06401 0,070 | 00087 J0,3021 | 0,163 | 0.1312 0,467 02629 [0.1798 [0.2993 Jo. 2054 lo.231
3 | 0,085 {0.0630] 0.0703} 6.0948 | 0,1325 | 0,1313 {0,1512 | 0,172 [ 0,942 [0.2172 |0, 2012 {02661 [0:2920 [0.n208 0,503
4 [ 0.0648 [0.0832 | 0.0034 [ 0,2252 | 0.2485 | 01734 [ 0.1997 | 0.2274 [ 042565 [042863 [0.3186 [0,3525 {03857 [0.4201 [0.4577
5[ o.0004.|o.1033 | 61263 | 0.1353 | 01043 | 0,252 [0,2475 | 0,222 | 0,3103 [0.5560 |0.3954 [0.4362 |Ou4T8T {05728 Jo.56e0
& [0.0959 [01232] 0.1531 | 0.1853 | 0,259 | 0,2567 [0,2956 [ 043367 [ 03197 | 04247 [0.4736 [0.5204 [0.5716 [o.6234 [overrs
7T oaits [o.430] 01171 | 0,251 ] 02533 | 0.2580 | 0,3432 | 0.3908 | 0.4500 {0,4950 | 0.5475 [0.6041 [0.6425 |0.7257 [0,7888
o |onzer 0.1620 | 042022 | 0.2448 | 0.2904 | 03591 §0.3005 | 0,4447 | 0.5015 | 0.5610 ] 0.6230 [0.6874 [0.7542 G.6234 [0.85%0
9 | 0s1420 | 0.2624 | 0,2285 { 0,2743 | 0.3255 | 0,3800 [0:4376 | 04984 | 0,562 ) 0,6267 | 0.8962 10,7704 { 0,8453 [0.9225 [1.00%0
10| 011573 |0,2020 | 0.2509 | 0.3038 | 0,3604 | 0.4208 | 0,486 [ 0.5518 | 0,204 | 0.6962 ] 0.1731 |ouesz0 [ 09360 [2.0215 [1.1008
1 | o.uizs {o.221s | 0,275 | 0,333 043957 | 04614 [0.5304 | 0.605L | 0.6025 | 07634 | 0.0677 [0.9354 |1.0264 [12206 [1.2279
12| 01078 [0.2420 ] 6.2993 | 0.3624] 0.4300 | 0,509 [0,5738] 0.6503 | 0,7425 | 0.0305 09222 [1.0176 [1.2165 [1.20%0 (1,728
"1 | 0vzocy [0.2608 | 09,3234 | 0.3915 | 0.4646 | 0,542 | 0.6246 | 0.1113 | 6,602 | 0.6973 | 0.9964 [1.0995 | 1.2084 | 1,317 [3.4315.
1 | 0,217 o,2757] 0,371 ] 0.4206 | 0.4991 | 0.5026 [0.6710 | 0.7642 | 06619 | 0.9640 11,0105 12812 [1.2961 | 1150 [2.8575
15 | 0,208 [0.2990°| 0,3734 | 0.4497 | 0.5336 | 06229 10,7174 | 0.0169 | 0.5214 | 1.0306 | 12044 |1.2626 |2,3056 {15027 [2.6442
36 | 0,2476 [0.3163 | 0.5953 | 0.4766 | 0.5679 | 0.6630 [0n7636 [ 0,6695 | 0.9507 | 1,0970 | 1,218 {1.3441 | 14745 | L6101 |1.7300
31 | 0.2628 [0,3375 | 0u192 | 0,507 | 0.6022 [ 0.7030°] 0,8097 | 0.9221 | 1.0400 f 2.2632 f1.2017 [1.4253 [1.5630 | 1.7074 [ 18857
16 | 02T [0.5567 | 0u4431 | 0.5364 | 0.6365 | 0.7430 [0.3557 | 0.9745 | 10911 { 2.2294 [1.3652 [1.5064 [1.6528 [L.8045 [2.5622
19 | 0uas2s |0,3159 | 0u466s | 05652 | 06707 | 0.7029 [0.9017 [ 1.0268 | 11501 | 1,2954 [1.4385 [1.5673 [1.7436 |1.5014 2,065
20 | 0.3075 |0.3950 | 0.4906 | 0.5940 | 0.7046 | 0.0227 [0.9476 | 1.0791 ] 12070 | 13633 | 1,537 |1.6600 | 18302 |1.99m [2.3116
o | ouszs fo.are §.5145 0.6227 | 0.7309 0.6825 | 0.9938 | 1,1312 ] 1,2759 } 1.4272 | 1,5847 ]1.7486 | 1.9167 | 2.0547 2.276¢
22 | 03372 |0.4331 | 0.5300 | 06514 | 0.7729 { 0,9022 [1.0391 | 11853 | 15146 | 24526 [1.6577 (18291 [2.0070 | 21911 | 2,300
25 [ 0.3520 {0.4522 o.séié- 0,6600 | 0,6068 | G.9419 | 1,0848 | 1,2355 | 1.3932 | 15564 { 17305 | 1.5095 [ 2.0952 | 2.2074 | 24026
2 | 0.3660 0uAT17 | 015552 | 0.7086 | 0,6407 | 0.9814 §2.1304 | 1,282 | L4518 | 1.6239 | 1.2033 |2.9038 | 2.1092 | 22306 |2.5909
25 | 0.3616 [0.4301 | 0,685 | 0,771 | 0,674 | 1.0210 {11759 | 13392 | 1.5103 [ 16893 [ 1.8359 |2.0899 [ 2.27e [2.4706 [2.694
26§ 0.5%64 0;5051 9.5323 § 0.T656 ] 0,904 10505 102214 ] 13909 | 1.5607 | 1.7546 [ 1.9484 | 2.1500 } 2.3590 |2,5755 | 2,791
21 [OuTL [0:9280 | 016359 | 0.7941 | 0.9422 | 1.0999 | 1,265 | L4426 | 16270 | 1,019 | 2.0209 [2.2299 | 2.4462 | 2.6718 {2,903
26 | D.4258 0.5359 6.6794 0,8225 | 0.9760 | 1.3393 [1.3121 | 31,4942 | 1.6653 | 1.8650 12,0933 | 2,309 | 2.3344 | 2.7487 ) 3.0072
25 [Oviadh 65655 | 0.7028 | 0,8509 | 1.0097 | 11766 |23575 | 1.5458 | 1,743 | 1.9501 | 201655 | 2:3095 | 2.6219 | 2.0624 | 3.3010
30 [ 004552 (0.5847 | 0.1762 | 0,019 | 200433 | 2,2079 [1,4027 [ 15974 § 3,0016 | 2,0151 | 2:2370 [ 204652 § 207093 29579 | 3.2040
515655 [ore03s [ 07497 | 6.9976] 10765 1o257% | 1uas17 | 165y | 1.8557 | 2.0006 | 23099 [ 2.5488 | 21966 13,6532 | 5. 9184
T omme oma L omamno | 1ovton] s.aste | Loaost | aotoos| 39077 | 2ouas0 [ 23015 [2.6%03 [ 2,003 3.1495 [ 34209
35 Toutore Toutara | 07964 | 0,968 | do1asr] 103356 | 19302 | 17507 | 1.9756 22058 | 24539 | 21011 | 29700 | 3,243¢ | 3.5235
3 o 1o.6600 [ 0.6397 | 0,999 | 11776 1,509 3,030  2.0535] 2,274 | 25250 1 2. 00 30501 | 3.388 | 26288

6,518

X747




8.

Arrangement of the results of survey on sample plot

g-1. Examination of remote measurements of stem héight,
otc.

In the surv§y of sample plot under 6-~1, stem height
and central_diameter of those trees in the plot were
measured remotely with Blume-Leiss and Relaskop respectively.
rherefore, there was some doubt as to the use of the values
as they were for the volune table, Hence it was decided to
examine then.

As for mater:al, sample trees (a) for preparatlon of
volume table were measured for stem height and central dia-
meter, and they were also measured remotely as part of the
timber cruise in the sample plot for sampling. It was
d601ded thérefore; to use these figures.

"TPable 15 is a result of combining actual measurements
and remote measurement values for each sample tree taken
fromfthe appendlx Results of Lhe survey on sample trees
and Tablé'9,

- K8 -



Table 15-1. Actual measurements and: remote measurements
o {(with. Blume-ILeiss) of stem height of sample
trees: (a)

'Wl:e.él:el_ Sten hasght | gample tres | CStembedgnt | Somplé tree Stom nefght

B R L f T trole
A -s:ratw 9'"!'"*,'\‘. sissurdnaot | .

Fose 210 | ze0 |37 06 | 12 |1 7| 45 | s

[T I gemote W, 1n Aetust " pemote
. .ﬂunun\ R4S IRREY . Stl’dl\iﬁ  Tedsurternt nrddutecaat

”_3_.51 L1 |7 0 89 139 Lﬂﬂ
IERCRED M-47 | 69 | 80
.44 50 {7610-88 [ 200 | 200

[

120 4 120 77| v-16 [ 54 [ 50

199_, 190 78 0-85 18.8- 200

Ti83 | 150 'A’é"!"D'-} ol 10 8 '_—'—"'“ifi_:w 100 | 100 |
153 0 160 [44° S~ 31935 { 140 |80 o—10 | 127 | 120
1177 | 170 L45 050 125 | 140 | 81 |M-15 33 40

“i67 | 170§ 4'6 owsl, 216, | 200 [ 82|V 6 22 20,
' 47 !M 26

23| 076 | 144 | 150 | 59 iM-z8 | 133 | 130
24 | M—18{ 200 '7_-2_56" 60 | 057 | 373 | 180
25 M 11| 92 | s0 51| ®=45 | 160 | 170
26 | 0— 45, 210 | 180 362 [B-d44 | 133 140
(271 B-12| ‘168 | 150 |63 |E—40 | 133 | 130
28 | M2z | 164 | 150 |64 lo0-63 | 113 1

20 |[M-23| 157 | 160 |65 ]0-6¢ | 103 | 190

30 [.0=53 '_"‘i"é? 1140 |66 [ Y- 9 | 74 89

3t [ D o] 1w | t70 |7 0065 | 1s3 | Ta0

(32 | 22| 180 | 100
33| 0—54 160‘- 150

34| 0-55] 195 | 190 150 |
381Y= 7| 115 | 110 40

36| v~ 8| 108 | 110 |72 k48 | 176 | 190,

# Under Nd.'ﬁithin Stratum, O, M, Y, B, E are abbreviations of [OIl;

[MI}; [YI]; [pI] - and [E]l respectively.
* Under No. within Stratum, S 1 3 are data collected outside the sample

- plot,



Tabl'ei:* 15“2

Actual ‘measurénents and- x‘emote meac..urements
L (with Relaskop) of central dlameter of sample
trees (a)

. m:mple t'réc " contral dlsmater Smpla’ma [ Centeal dlaseter | sample tres | Contral sfameter
6o i, s | & | Rolioid ‘f.,::t:::,n. it | & | |;:::':::,,,, it
Vor0-84 2800 240 | 37.0-61 240 1 240 | 73| v-11:i 325 | 3z
20 3 240 | 200 | 38 Eo38 280 . 260 |74 0 89 285 b o
T3 10787 gh0 | n2o | 39, D0 3 200 0 240 ?S'M' i7. 240} 260
T4 D s 22000 400 Y 2 | 235 - 220 088 é'é'.s‘" 200

EPRED 0, 260} 4381 235 . 200 -17?3(»—16 RITR I 280

{6 60 |. 200, A28 2 210 | 200 |78 5'0 85 255 . 240
W za0 | 43ip 8 325 260 179 M-43 270 | 240
e ."_'.'j2,‘4.0_ 44is 3 | 225 | 240 | 0| 5'-_-_10*—"2—59_ 220
': 260 | 45| 0:50 1 295 | 260 |61 jM-15 240 " 220

240 | 46} 0~51 Cass |20 | s2|v 6 240 40
f: 249 | 47, Mo26 320 1 320 | 83 E-31 ' 260 | 220
BRI ds|m-2s | 275 | 320 | 84)0-58 ) 220 180
2401 a9 'm0 | 245 [ 200 "s;}l«;3o‘k:m2-§6 """" 280
240 | 50! 062 | 200 | 300 | s6|o-50] 200 | 260
‘Uogee | sylr-zi | zss | zeo [s7]Mos1] 280 | 260
| 260 | s2lp-s0i 250 | zo0 | s8]M-32" 260 | 260
Tze0 | 53| S@ 2 | 2u 801 M-391 260 | 240
280 | 54]0-56 | 270 | 220 90| v-10i 240 | 240 |
340 55| M2 308 220 | 91 M~40(t1 zw 77_2"6.70“
300 1 56] ® 245 ‘lz_oo oz | Q.
gl sy s 10 240 | 200 93 M4 !
Caw0 ['s8| @ 200 | 240 0si0-72) 280
260 | 591 M-28 |- 265 | 220 eséf'Ml"s_é':' "
OYE 60| g0l o-s7 | 230 | 220 | 96 D—lo’ T2
By o | 1m0 ) 63| E-as | 215 | 220 | 97]0- g4l 240
o ! “300 ! 62| B4 | 230 200 . 98 o33 00 ]
i 12 10 | esl Bao |24 Tieo (90| 0-84 270 |
. 220 | 64| 0-63 | 310 | 240 '5-165_0"—_8;“_2;{;
[ paa B 8410063 | B0 A TR
M 23270 - 220, ?E.L‘iﬁ‘,, LB ?.4.-.“_’_.“1[“,.‘,”.;_9__3.'_",#-&”_,,:, dadl
0 o | 220 - 66 Y- | 310 260 1102 0-86 260 ; 200
31 puiE i zve | ge0  67)0-65 1 255 220 ‘103 0. 769'. 270 | 280
32 l E-5z ) 220 T men 68 Dogw ' 240 200 104'0-70 280 | 280
53 0.4 | 260 ":249 69 e ozae . 220 -105 067, 200 | 280
35 bolss | 2me 260 701 M4 Das | oaee 110610 - 71 260 | 260
T s10 240 71 Y13 230 '24.07 m? 077 260 260
(36 Y- 8! 270 240 72 E 48 | 280 220 | .i

~ 60



On the basis of actual values and measured values,
the result of correlation analysis and regression formula
can be: obtained by means of regression analysis'as below.
Examinatibh¥0f=stem'height:

Mean of meaeured value Ceveiaeeneiens s 1489 7 107 = 1364

Mean of actual values reeesaseieenn §51.147¢4)/107;; 1378

Sum of the square dev1at10n
ofi measured valuee_...................... G2y 3656579

.Sum-of . the square: deviation S
of. actual velues...............ff..f....h $2y = 376259

Sum of products ‘deviation _
of measured‘and aqtual values ....... cevr Sxy = 363680

Sum_of producte dev1atlon of
measured and actual values civeeerecneass Ben 10114

Regressibp_cbhetant:,..f..;}............. a=-00155
Regrgs:e_ipn_._fo%mu}é_.l Cessrsecaesiesaieiiens yo 00155+ 10114 X
Cofreiatioh_eoefficient rf---;--f---?-'-r'e==0$8873

Where . | |
suin’ of ‘the rhe‘a‘eufe_a VALUE uheraiiaeees ¥yg == 1459
Sugfoftfhe eéee#ed,ﬁeeeﬁreé Qelee ceraoan E#zz:zsAgo
Sum of the actual'valuea.;g.,....,....,.. Dy = 14744
Suf of | theﬁsqﬁéfed actual value ceveeeeas Jyt= 240790

‘Sqm of products of measured o .
apd actual-values e e e Zxy= 23741

Nnmber of sample :.107

Examlnatlon of central dlameter
Moan Of Measured VALUGS .e.e.sereereesrns Ko 2654 7107 = 2387
'Meentqf gctuall§g£ues;.;,,;...;.....?.,.. § 283057107 == 2645

Som of the: square deviation
of measured values .....oevsrrenenracs irees 8Ty = 97007

Sum ofnthe‘SQuare deviation _
of actual Values e etaacaseesecanrees eaes Sy = 107327



Sum'Of‘éxedacts_deviation -

of measu;ed'and_actual_values veeresaades Syy = 71635
”Reéreseien”eqefﬁieieht cetiseeeeaiiiaiaaies b 07384
' REgEESSLON CORSEANE - svrvssvevsnnresesyss,s 3o 8824
. Regression formula Pe b asash et rtreeaes . vy o= 884 &7334.:( .
. Cor;_ﬂe’latio#ri coeff_icie'nt e 070202
Where

_'Sum of the measured V__all'le: ceeeterrseceasaes Fx == 2554

- Sum of the_SQuared measured value ......... jxw = 61932
Sum Of the 'adtﬁal value Tesesssresienaciees By o=z 28305
'Sulii_ of the squared actual value .......,... fy? == 750425

Sum of products of measured :
and actual values fersiaeserasaasanerasss Yxy= 68278

__'Number of eample r _10171 :

. Accordlng to the above results, measured values of
'stem helght had a hlgh correlatlon coeff1c1ent of 0.98873,
_and the regre551on formula was close to actual value=measured
value. Thus it was: found out that remote measurements could
gbe used w1thout any problem if they were used in meters unit.
_ On the other hand, as. for central d:ameter, the measure-~
ments showed a low correlation coefficient of 0. 70202 com-
”pared w1th that 1n tho caee ‘of -gtem height. Further, the
'regr9351on constant was. hlgh w1th 8 8. Thus it was found
necessary to make adjustments. |
. In order to brlng measured values nearer to actual
:values,_lt is necessary to adjust as below.
8.8 + 0, 7384 X(measured values with Relaskop) .
For that purpose, it was decided to adjust the measured
values of central diameter taken with Relasgkop in timber

cruise based on Table 16,

- H2 -



'”.Tabie_lﬁ.

Central diameter . Central diameter
Measuredvalue Rajusted value Measured value Adjusted value
o foem . 16,2 cn 30em . 31.0cm

ST R Y 32 o 32.4
"~jliji”,f--”;f‘_1§;1§ ‘34 o339
e e S
Sase o amd 3 - 36,9

__:?ébT'j"i.fﬁn_'f:zs;é: | 40 Y
CoEat Lo 25,00 4 39.8
a0 T 26 44 43
295, 8 44.2

'852: Accumulatlon of number and volume by each plot

7 By u91ng the stand volume table prepared under 8~ l
-‘(Table l?),,stand volume of all the treeﬂ in the plot was
:obtalned and wrltten under Volume of the Field survey note.
And volumes of slngle trees were accumulated for each ploet,
’thus the number dnd volume were arranqed by each plot._'The”
_results are glven as Appendlx 1: Table of field survey |

;resgizgin 3 : : : :

‘ In thls caSe, the volume table prepared under 7-~2 is
'not eu1table for the follow1ng operatlons as it was pren
pared u51ng the measurement of central diameter taken for
_every 2 cm. Therefore, another volume table u31ng adjusted'
values of cehtral ‘diameter Wthh respond to measured values
for every 2 cm with Relaskop was prepared as Table 17.

- 63 -



Table. 17.

Volume table of coconut tree

(for measured values with Relaskop)

v Volumes (m?) -
DY Measured central daimeter

with Relaskop
D2: Modified central diametex . Volumes estlmatlon formala
q: Stem_ h_eiglit (m). V=0, 0003 1.6235237 x }10'967452.
ucear ey [ 4 | Gy Goy T Gy b oy | ] ey | ooy [ oy | a1 | sy | 01 | (o1 | tam)
| sqopgz] APei | 391 4 20,6 | 22,1 ) 23,6 | 25.0 | 26,51 2.0 | 295 | 510 | ee | 33,9 | 3504 | 60 | narn
0.5 [0.0163 [0.0184 | 9.0208 | 0.0234 [ 0,0260] 0.0285 | 0.0314] 6.0333 | 6,637 | 00405 [ 0. . 8,05027 0,0037 [ 0.0570
3 0.0319 |0.0361 | 00405 | 0:0457 | 0,0550] 0.0556 | 0.0613] 0,0671 [0.0730 jo.0791 [0.0650] 0,055 | 0,0962{ 0,1050 | 01216
15 [o.0a72 [0,0534 | 0.0603 | 50476 | 0.0752 | 0.0026] 0.0908] 6,0993 | 2.2081 |0, 2172 [0.1259] 06,1385 | 0.1453 [0,1554 | 0.1651
2 |0.0623 |6.0750 | 0.0797 | 00893 | 0.0994 | 0,209 [ 0.1200] 0.1312 | 0.142 [ 0.1547 [ 0.3662] 0.1789 | 0.1920 0.2053 | 02181
2.5 |0.0715. 0.0875 | 0,090 | 0.1109 | 0,1233] 0.1354 0. 1489} 0,162 | ¢.1772 { 0.2920 | 0.2083 | 0,2220 | 0.2362 | 0.2548 | 5,2707
3 0.6922 [0.1044 | ¢.1280 | 0,1322 | 0,2471] 0,1615 G716 oigaz | 0u2i0g 0.229L | 03451 | 0.2649 | 0.2842 | 0.3040 | 0,3229
5.5 10,3071 |0,1211 | 6,1370 | 0.1535 | 0.1700 |- 0.1875] 0.2061] 02254 { 0.2453 | 0,2659 [ 0.2657 | 0,3075 | 0.3203 | 0.3525 | 0.3740
[y 0.1216 [0,1378 10,1558 | 0.1747 [ 0.1943] 0.2134] 0.2346] 0,2565 | 0.2752 [0.3026 [0.3251 | 0.3499 [ 05755 | 0,4015 | 014265
.5 |0.1565 |0.3545 [ 0.1746 [ 0.19508 | 0.2178] 0.2391 0.2629] 0.2675 | 0.3129 | 0,3391 | 0. 3643 0.3921 | 0,4206 | 04500 | 0,470
5 0.1512 [0.1711 | 0.1934 | 0.2168 | 0.2412{ 02648 | 0.2911] 0.3183 | 0.3464 10,3755 [ 0.4034 | 0.4342 | 0,4656 | 0,4362 | 0.5293
"6 0,180 | 0,2040 [ 0.2207 [ 0.2586 | 0.26771 0.3159 | 0.3472] 0.3797 | 0.4135 | 0.4479 | 0.4812] 0.5179 | 0,5556 | 0.5944 | 0,6314
T [0.2093 |0 2369 | 0.2678 | 0.3002 0.3539 | 6.36671 0.4031 | 0,4408 | 0.4797 | 0.5220 [ 0.5586 | 0.6012] 0.6450 | 0.£85% | 0.7522
8 |0.2382{0,2695 | 0.3047 | 0.3426 | 0.3800 | 0.4173 ) 0.4587] 0,5015 | 0.5433 | 0,597 0.6357 | 0,6841 | 0.7519 | 0.7851 | 046340
9 0.2669 |0.3012 | 0.3415 | 0.3628 | 0.4255 | 0.461€ | 0.5140} 0,562 0.6118 | 0,6631 | 0.7124 | 0.7667 | 0.6225 | 0.8799 | 0.9247
10 J0.2956 [0.3345 | 0.3782 | 0.4239 0.4716 | 0.5176 | 0.5692 06224 0.6774 | 0.7342 | 0.7888 | 0,8490 | 0,9108 | 0.9743 | 1.0350
u 0.3241 | 0.5668 | 0.4147 [ 0.4648 | 0.53n1 [ 0.5678 | 0.6242] 0.6825 | 0,7492 | 0.6052 | 0.8650 | 0.9310 | 0,9988 | 1,0584 11,1350
1z 89,3526 [0.3950 | 0.4511 {0.5056 | 0.5625| 0.6117 | 0.6790 0.7425 ¢ 0,606t | 0.u759 | 0.9410 [ 1.0027 | 1.0865 | 1.1622 | 1,2346
3 |o. 3810 [0.4311 | 04874 | 0,5463 o.dﬁa_ 0,6674 | 0.7336| 0.0022 | 0.8732 | 0.9454 1,0167 | 1.0943 | 11740, | 1.2558 | 13340
14 04093 3.4632 | 0.5256 1 6.5069 0.65%01 0.7370 | 0. 7682 [ 0.6619 | 0,9501 | 1.0167 3.0923 | 1.1756 | 1,262 1 1.3400 [ 14332
15 0.4376 | 0.4951 | 0.5598 | 0.6275 | 0.6981 ] 0.7665 { 0.0426 0.9214. 1.0026 | 1.0869 | 1.16771 12667 1,3403 « 1.4422 | 15321
16 0.4658 10,5270 | 0.5959 10,6679 | 0.743¢ | 0.8159 | 6.8969] 0.9607 | 1.0674 11,1569 | 1.2430 | 1.3377| 1.4351 | 1.5352 1,658 |
17 _0.4'9}'9‘ 0.5569 | 0.6319 o.*msz 0.7679 | 0,865 | 0.9510] 4.0400 | 1,231 | 1.2268] 1. 3180 | 1.4265 | 2.5236 | 1.6279 | 1,929 -
T8 r|D.5320'| 025905 | 0.6678 | 0+7465 | 0.8371 | 0.9144 | 1.0091 | 1.0991 | 141963 | 1.2566 | 1.3930 | 1.4952] 1,6084 | 1,7204 } 1,6277
19 375500 | 0.6224 | 0.7036 | 0.7087 | 0.8774 | 0.9635 | 1,0591 | 1.1581 11,2605 | 1.3662] 1.4678 | 1,5797| 1.6947 | 1,8128 | 1.9258
20 0.5760 | 0.6540 | 0.7394 | 0,8288 | 0.9221| 1,012 | 1.0130[ 1.2070 | 1,3246 [1,4357 1 145424 7 3.6600 1,7609 { 1,9051 | 2,028
2 0,6059 | 0.6650 | 0,7752 | 0,86u9 § 0.9666 | 1.0614 | 1..16668| 1,2759 1,3807 | 15054 ; 1.6170 | 1.7403{ 1.867¢ , 1,997 | 2,1216
22 0.6335 | 0.7172 | 0,8109 | ©,9089 | 1.0111 | 1.1105 | 1.2208 ] 1.3346 [ 31,4506 [3,5774 ] 1.6914 ] 1.8204 | 1,530 § 2,0091 | 2.2193
25 Jo.6617 | 07467 [0,0465 | 0.9405 | 1.0556 [ 11591 | 1.27431 3.3932 | 1/5164 | 1.6436 17656 | 1.9004| 2,036 § 2,2609 4 2,3168
24 075095 [0.7602 | 0.002) | 0,555 | 1.0999 | 1.2070 | T.3276] 1,4510 | 1.5602 | 1,712 | 3.8400 | 1,5803] 2.2245 | 2.2728 ) 2,4242
rey 20,7175 10,6116 | 0,9476 | 1.0285 [ 12442 | 1.2565 | 2.3011] 15103 ] 1,648 [ 1.7616] 1.5141 2,0600] 2,201 | 2.3643 { 2.5114
o Tor15 (00430 [5.9531 | 1,0683 | 1.1685 | 13051 | 2.4343] 15601 | 1,107 | 1.6506] 1,5001 | 2.1397] 22953 | 2.4555 | 2.6086
T T037eT | 5.67a0 19,9665 | 1, 1090.] L2327 | 1+3536.| 344019 1+6210 | 1,709 | 1.9294] 2.0623 | 2.2193 | 2.3809 | 2.5468 4 2,705
28 0.8004 | 0.6057 | 1,0233 | 1.3477] 12760 ] 1.4021 | 1.5412| 1.6853 | 1,8343 | 1,981 | 2.1359 | 2,202 | 2,4662 | 2,6300 | 2,6023
29 0,8250 | 0,9569 | 1.059% | 1,1873] 1,3209] 174505 | 1.5944 | 1.7435 | 1.6976 2.0568) 2.2097 | 2.3701 | 2,5513 | 2,7291 | 2.8992




Thus, there are two kinds of volume table which are
to be used in the following manher.

Table 14 ..... Volume table of coconut tree (A).

This is the original stand volume
‘table. This can be used in a timber
cruise. when central diameter can be
measured directly.

rable 17 ..... Volume table of coconut tree (B),

B The:Stand volume table to be used
‘Jexclusively for the present survey.
In geheral measured values of central
_diaméterrby Relaskop tend to be biased
from actual values.
Therefore, in future timber cruises it
will be necessary to obtain regression
formula for adijustment from source
trees numbering several tens and volume
table (B) for operation can be prepared,
as it was done for the present survey.

9. 'Pxeparation of photo volume table
9-1. Analysis of correlation between factor and volume

A photo volume table is a volume table using to esti-
mate volume of a single tree or a stand with measurable
factorsron aerial photographs. For preparation of a hoto
volume table, various factors should be examined first to
find out if they are suitable as such. Thus, whole tree
height,'crown diameter and tree age were selected as possi-
ble factors, correlation between stand volume and each
factors was obtained for sample trees (b) as Figs. 11-13.

They show that whole tree height has the highest cor-
relation and is most suitable as the factor. With regard
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tq_gﬁand age, the correlation can be described as toler-—
ablaffdr the fact that the information was obtained
verbélly However, the correlation was pxactlcally nil
with crown diameter which was clearly unsuitable as the
factor for photo volume table,

o The number of trees can also be considered as the
factor for photo volume table for stand. The planting of
coconut in plantattons is uniform with the planting space
of about 10m. Thus, as they form thin stand, they are
easy to be identified from photographs. Further, each
count between on the ground and on the photograph was
completely coincided except for extremely young stand of
Malayan Dwar€. Therefore, correlation analysis was deemed

unnecessary for the numbex of trees.

volume

1500 ‘ .
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+ ' ‘3. *
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Whole tree height

Fig. 11, ‘Correlation between volume
and whole tree height
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922, _Calculatlon of volume estlmatlon formula and
: {;preparation o£ photo VOlume table ey

Judging from the anaiysis of- correlatlon between
'evolume and each factor 1n Lhe prevmous eect;on 9-1, it was"

"deC1ded to uee whole tree helght ag the factor for photo
_'volumeftable and to comblne 1t with the nunbey of trees
3£ f£otal volume: ln an arved was requlred

Ao for stand age, there was - some degree of correla"
tlon, and it would be better to use . lt as the factor to
vincrease preclslon in volume estlmatlon formula. However,
-as there wae eome doubt as to whether accurate information
']would be obtaiuable on a given stand, it was decided to
~exelude 1t. L
' On the basms of the above examlnatton, sample trees
(b) were measured on photographs for whole tree helght.
'"The measurement was bagsed on the formula below by measur-~
1ng para]lax dlfference w1th parallax bar.

S FA-LH o
;H;- s < AP

":jFA' Fllght altltude

R

iLH H Hexght above sea_level at a sample tree
=_fdlb__;.Photodbase lenguh_ _ | u
JtigP':.éarelldx difference
'Volume'wae obtained on the basis of the ‘stand volume table

prepared as Table 17 by using actual stem height and central
dlameter.-. B '

- | Then fegreselon analy51s was made with interpreted
‘helght as H and volume as v to induce the following volume

.'estlmatlen formu]a._

_Vj# 0. 0000586H2 + 0. 0640992H - 0. 3181620
Multiple eorrelatlon coefficient o = 0. 8601

| The result was multlplled by the number of trees to
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“‘prepare volume table for stand.
Thus, volume estimation formula fcr stand will be:

v = N ( “ 0, 00005861!2 + 0.,0640992H ~ 0. 3183620)

. The volume table ]S glven ‘as the appendlx iphoto
;volume table, and is glven as Table 18.
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10 Preparatlon of standard 1nterprotatlon carda
510 l. Arrangement of data

: Those data from sample plots obtalned 1n the fle]d
”survey were arranged and 20 plots suitable for inter-
: pretatlon were selected. 1In the llght of forest type
;_mark and ‘the dlfference in foresL condltlon wrthln the
g Mforests type, the selectlon was made as follows:-

' g}:[ YI ]'..;;.}}..; 4 cases
;J[ MI ] ......;... 4 caées .

5[ OI-];?erf.;.... 7 cases

';[ DI Joeevaiesss 3 cases

[ E 13.:..:f;... 2 cases

?_10 2. Preparatlon of cards

SLandard lnterpretatlon cards to record necessary
-idata obtalned from sample plots. were prepared. Portlon -of
E aerral photographs (1/10 000) 1n stereo«palr and a ground
gphotograph were affixed on the card for visual effects,
iand the. results of ‘the field sukvey were. also supplied S0
i_that the card could supply materlal for 1nterpret1ng coconut
+ stand. (Flg 14 ) o
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b100k boundarles, are entered on the aerlal
"“(Photograph 2 ) o

" For measurement,]

'the orlglnal block map.
for 0. 25ha) were used to count the . number

! fblock. Measurement was repeated three
R ! to _ e | average whlch was multlplled by 0 2Jha
'e;ffor the area.wfe' S ' ' ‘
,‘ The area of
.;E;by Table 19.3 However, Jeftﬁover areas in plantatlons are
and the total areas of plantatlons ale glven in

OOCOnut stand in each plantatlon is glven

;-iexeluded
;qjthe rlghtnhand column. '
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Table 16.

Planation areas

Planfation
WO,

Hame of
plantation

SALIALEVU

s g e i e fe

Hurker of
klocks

Stand acea
(ha)

119895

Plantation area
{including left-
QVeY areast hal

127195

R WEREE{AWAU H&n) Rt 160.17 236,17
s UVUNAGRDY | 41 esseq | 70928
------- + | VUNA 55 pe87.97 1 2520.47
B T T S P 900.12
e l,]KUVAUSOMBm"ﬁﬁkKﬁﬁJH—{i77"4;b§mﬂ— T 50434 |
7 N A Q l ]..' A } R ‘_;-— N B 74, 1] ] T --mu__—’}';__']_ﬁ__._-m
T P e T E— e
T {socuru | a1 1 ssez0 | 36470
Tro {waLa T T T Tease 60.59
U [ MALAwAT LT, 44067 | 14460
e f¥ff?i;m_m_"w”m_-mwww"‘%ﬁ*_g___ﬁA 12212 132 62
13 |wartrikl | e | T1sses 185,41
14 TAVOKI G0 .| 29.77 37.52
s InaTvaravara | e | es14 10574
16 | wAlYEvO s | 3659 ) 81.50
T TwattavaLa T | e T Tesez | 1itez
18| NALELEMMWMM B S POV B POPE
e TLovoNIvONU @D | 17 170.04 | 32804
20 | DELATWENT AL 15 Tleaso | 337100 |
a1 | somosomo & | s | 2420 | 28278
22 NAMRAG T Ty T T seee | sc0e

Note:

(Fi) stands for Fijian village name.
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mee |, e | e on BRI
ELD __'""_'__“_m el - over Areass ha)
T VATUULO 3 164, 36 201,61
YR Ty ses | 4es1
""""" 2 5',._7."—_ *EJELAGI Fi) T 264.32 295.82
w?,?sf NS T TS 38116 39416
—27#* M}*!‘—AMBEKA s 6221 | 62,21
""""" 53_“-#- Mlﬁw o 30 528.44 547.69
Tae TivACALAl 3 4175 4400
50 4 R NETH 136. 47 180, 97
BT -;\IAVS?F‘I.,E.S;‘LE. | 1 6 2‘2}_1. 19 242 99
T ap TNAS ELESE_EE <FT) N 133.42. | 143,67
B *'N'A_GASAU - 6 208.36 210.86
B TNAWIWI FD 9 96,75 "166.50
s | N'A'.:(jék'] T 269. 12 275,12
|36 | neo FLE N—I—HM(FT» Y | 2sam 320, 31
377 VACOA D 18 136, 21 177.46
T VUNIV!;;}A 21 Tam. 35 528, 35
30| WAL @D 2 5182 | 68.67
10 L VITALA T 1607.30 | 149.80
T Mﬁﬁfﬂfﬂﬂsu T 19 20,99 C4a4
""""" TR V_I_N.D._AW:A @D 0 53,60 59.60
43 .| MBOUMA Fi 15 128, 76 177.01
44 | LAVENA’ (Fl) a7 23194 246.94
T | e | wwmeas | ussns
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12, . Interpretation by block
: 12 1 ’Aﬁél*ysis of data
N Before the 1nterpretatlon of photographs it is

necessary to examlne correlation between tree height and
stand age. .
| . From the data on sample trees {b}, given.as Table 19,
for prepdratlon of photo volume table, correlation between
_whole tree helght of single trees and stand age can be
obtained as Fig. 15. The mean whole height curve can be
shown as a logarithmic curve starting at 6m, It shows
that the'height ig. about 22m at 70 years,

Siﬁce the data include measurements of stem height,
correlation between crown height (residual between whole
.tree height and stem height) and stand age can also be
obtained (?ig. 16). The mean curve shows the height of
6 to 5m with younq growth, which decreases as the age
progresses, showing 4m at 30 years and maintaining 3.5m
aftér 50 years. The fact that the crown of coconut is
entirely made up of leaves explains the crown height of
young trees with abundaht leaves and strength, However,
as the tree ages the amount of leaves decreases and they
also bend down, thus affecting the crown height.

. .Further, from the results of the field working of a
sampling plot, correlation between the average stem height

and gtand age can be.obtained as Fig. 17, The mean stem
height.curve ig a logarithmic curve starting at 0 meter.

Since Fig. 15 concerns single trees and Fig. 17 is
based én'the average of trees in sample plot, direct com-
parison is difficult. However, Fig. 17 was adjusted in
scale to Fig. 15 to obtain Fig. 18, to which the crown
height of Fig. 16 was added, as shown as the brokep line.
when the curve including crown height is placed on the
mean whole height curve of Fig. 15, they are found to be
almost identical except for the section around 40-50 years

where the latter is lower than the former by around 1m.
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This is]pgrhaps'to be expected since sample trees {b) have
beén'Seléﬁted at random from those closeést to the center
of the plot However, it serves to examine the reliability
of the data belng used.

Slnce two klnds of mean helght curve were obtalned,
it was dec;ded to use Fig., 15 for estlmatlng ‘stand- age
from whole tree heaght and Flg 17 from stem height.
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fig} 15. Correlation between stand age and whole tree
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-]2 2.3 Interpretation of phoLographs

o Those plantatlons and planLatlon blocks based on
fopest Lype.oonflrmodrqnﬁer.sectiqn 11 were surveyad by
‘means of-photographic interpretation.ahd-field workihg_.
for. the follow;ng data,

Forest typo codo. Cla551f1ed as follows ba&ed on.
_:the age givon below.

j YI (Jn use at present. 0-25 yeafs)'
MI ( St 26450  years)
O ( _ S o Over 51 years)
DI ( R Two~storied forest)

B -Iidlo‘forest);

With regard to YI, MI, 0I, those blocks which could
‘not be surveyed were estimated by applying'the average
helght (whole tree helght) 1nterpreted to mean whole height
curve shown ln Flg. 15 or by u31n9 the number of trees and
the site as crlterlon for Judgement

Area; ' Phose: block areas measured under section
| _11-2 were transferred.

; ;Species;zri_“ ‘Based on interpretation of photographs.
| ' Fiji Tall and- Malayan Dwarf can be dis-
tinguighed from each other by the dif-

ference in color on photograph.

4

‘Mixture rate: Baaed on 1nterpretatlon of photogrdphs.
' ' Mixture rate of volume was recorded for
combination of Fiji Tall and Malayan Dwarf,

and two-storied forest of Fiji Tall,

Stand agei Based on information supplied verbally at
the site. .Those blocks which were either
unsurveyed or uncertain were left blank.

Ageoclass: Baéed on stand age, five years were counted

- ag onhe ¢lass.
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Average helght

(wholo tree helght) ‘ A few typlcal plots {for 0. 25ha)

for 1nterpretatlon were set up within

1a block on ‘the photographs with the use
- _of ‘the plot-setting plate., Parallax dif-

'ﬁe?enéesséf'several trees in the plot

_#ere measured With'parallax'bar, ‘which

were then: converted into tree heights.

'The method of conver510n is the same as
'the estimation of height for photo volume
‘teble.' And measured tree heights were
~'tekeln Lo supply the average values.

Number of trees per ha: The number of trees in the plot

:-eetted up above was counted and converted

Volume ‘per ha-

into the number per ha.

Calculated by applylng the measured

:helghts and the number of trees to the
‘photo_volume table prepared under the
”section’9~2.

Results of the 1nterpretat10n are glven as Appendlx

Coconut forest - 1nvent0ry note whlch glves plantatlon

areas,'number of
_part-oi it.

trees and volumes, and Table 20 is a
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12-3. Calculation of total volume by accumulation

The numbers and volumes of forest types calculated
under the section 12-2 were added up for each plantation
and then for the entire area to obtain the total number of
trees and the total volume. The résUlts‘obtained were
996.768 trees and 754,047m3 in volume. - Table 21 gives the
‘number and volume for each plantation.

Table 21. Number and volume by plantation

Plantation Nawe oOf

No. plantation Number Voluﬁé(m3)
1 SALIALEVU 62,745 59,611
2 NAVAKAWAU(Fi) 10,275 7,373
3 VUNA (Fi) 54,160 34,662
4 VONA 195,474 163,183
5 URA 49,252 44,116
6 LIKUVAUSOMO 4,123 - 3,835
7 NAQILAT 8,173 7,624
8 QATHAVULA 21,151 18,669
9 SOGULU 24,094 19,612

10 WALA 5,135 5,039

11 marawar (N9-1) 15,935 15,813

1.2 PUTY | 8,176 5,342

13 WAIRIKI "10,644 8,971

14 TAVUKT (Fi) 3,047 2,385

15 NATYALAYALA 10,102 8,802

16, WATYEVO 3,566 3,426

17 WATTAVALA 14,022 6,380

18 NALELE 3,817 2,536
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Plantatlon -
: ” NO- '7‘:<,='."_-’}‘<‘

* 'Name of

plantatién o

~Numwbher

VVblume(mg)

S0

21
22

,{23:

'fr 25f_‘<ﬂ

*hyéé;

gy
:L€28ffﬁ"
Tige
ogge
‘53i”'
1._§é P¢_M
R R

34

36

.‘3?1

38

H40'

a1
Cuy

43

44

“Lovouivowu (Fl)

_;DLLAIWLNI (NO 1

SOMOSOMO  (F1)

. NaMpAU.
. VATUULO
wIosAWA©
MELAGT (Fi)
CNginA
* NAMBEXA

a

VACAIA

MATEL

“?ﬁAééiESﬁLEw::'
iﬁASELESELE'(Fif
NAGASAU
TNAWIWE (Fi)

NACOGAT

NGGELENI (Fi)

VACOA (Fi)

" VUNIVASA
WAL (Fi)
VITALA

" WAITAMBU

VINDAWA (Fi)
MBOUMA (Fi.)

LAVENA (Fi)

17,807

20,178

4,858

9,853
3,557
23,408

36,282

6,984
56,736
4,548

16,320
© 32,174

16,773
26,050
12,689
27,074
27,215
15,630
48,731

6,426
15,447
13,013
5,851
13,722
28,410

8,693

16,441
9,426

2,413

8,771

[

2,263

8,502
23,969
5,569
39,636
2,773
11,899
26,400
12,612
25,328

8,999
25,691
12,357
9,623
35,813
2,136
10,257
1,496
4,101
6,325
15,175

Total

996,768

754,047




13.- Calculatlon of the total volume by sampling

By usang number of trees and volume per ha Obtalned
fro a plot under the sectlon 8-2, totalling by samplin.
method was’ carrled out, The method of calculation was the
stratifled random sampll g method given below.

[cOdesi"

X

*
.

.. o8’ .- o

LT

-

(1]

Tarqet of the survey (volune ot number of trees) -
X in a sample

Area (numbe? of population block N x sample area)

P:Opoxtion of stratum area (proportion stratum
number of population block) -

_ Number of samples

Mean_valﬁe of the target

Variance of samples

Variance of mean value

Standard deviation of mean value
Confidence limit of estimate
Error rate of estimate

Ca : ith stratunm

j & Jth sample

[Pormulal

‘Stratum area

Proportion of stratum area mi::;EAé‘

Mean value of x in samples xd::q§;2m¢5

variance in samples

o : I
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U
8
!

© variance of mean value

[ 2]
@21
~
i
b
2
e

w
s
i
A
R

Lo

?w8£éﬁdéféadéViatioﬁ of mean value

ni

-

. S
; c@nfidehce limit'of:mean value R; == tis*§
- ‘Brror rate of estimate e, = B
o R e = R
: Eétimétéd total ... . . X, = AL
L e X - A

Results of calculation are given as Table 22/1-2
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~According to the results above, the error rate of esti-
mate ‘was' 8,2% with volume and 7.5% with numberx. They show -
that - estimatas were: ‘made with desirable preclsion for the.
small number ‘of samp]es.-‘ T :

The number of sanplesg ‘coxresponding to the estimated
'pr601810n in future sampllng survey which can be conducted
by a 81ml1ar method inca dlfferent area can be calculated:
as’ below‘f Tt shows that: 450 samples will be required to
attain preclsion of 5% and 120 samples for 10%,

""82

CV‘“‘."'M". \/ﬂ. === 1**6"6' X 167 = 5406

2

e .(‘v (& (196x.;406) 4495450+ I the case
1'“--(—““"*) 1.96XBA406 < # . 195 120 +» Tn
(=(HOER0)" =112 120 3 g case
Further, the “overall average of volume per ha was
78 7m /ha and that of number per ha was 109. G/ha

14. Evaluatlon of the accumulatlve total volume

_ Accordlng to the results of sampltng, the total volume
of coconut tlmber and the total number were, with the confi-
-dence rate ‘of 95%, 693,063 to 816 266m and 972 442 to

i, 130 343 trees respectlvely.

It should be recalled here that the accumulative total
volume and number. obtalned -by photographlc 1nterpretat10n )
and the use. of photo volume table wexe 754, 047m3 and 996,768
respectlvely - However, these values include the stand type
E {idle forest) which was not included by the sampllng
survey. Therefore, if 10, 720m3 and 17,959 trees of the E
type are deducted from the total volume and number given
above, the total volume of 743, 327m3 and the total number of
978,809 are cbtained. Comparlson of the two sets of values
show clearly that the accumulative values are within the
confldence 1imit of the values by sampling totalling and
that those values estlmated for each block were accurate.

A
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_‘The fact that the total number is at the very limit of

confidence is. probab]y due to the fact that in photographic
nterpretatlon only the upper etory can be interpreted

(possible 1n a clear case such as tworstoried forest).
Therefore, lf the number of trees per ha (Appendlx I) which
provmdes the datd on numbers in a sampling survey can exclude
'the number ln Lhe 1ower etory, the total number WlJl then
bee well wlthln the confldence llmlt

f{15ﬁ- Preparatlon of dlstrlbutlon and locatlon maps of
coconut forests

'*'15 l.,'Preparatlon of dlstrlbutlon map

_ The average helght, number of trees and volume lnterﬂ'_
gpreted for each block under the sectlon 12 were entered on
‘the orlglnal block map in the follow1ng style,

" Bxample of entry : - Mumber.
(100) 4967
46.68 ’

Mea

Forest ty;\\\\\ﬂverage height

Then the orlglnal map was traced and arranged on the

01, 22

;'polyester paper £o obtain the Coconut forest distribution-
map - {appendix) .. Flg 19 shows a part of it. '
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‘Fig. 19. Coconut forest distribution map {paxrt)
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iﬁ~2, _Preparati0n of location map
_ In order to show clearly the distribution of coconut
plantations, a coconut forest location map was prepared.
'For'preparing the map, the original bhlock maps were
reduced in scale from 1/10,000 to 1/50,000 and were com-
blned as one sheet, Then the necessary information based
on forest type codes was entered in’ the style of the ex-
planatory notes on Fig. 20. o

“~Tree age class
S &
Young foresl now in use
MI
] Middo-agad forest now in ese
|pEEEEAL 01
[ BPela%e e s%0d| 70 forest aow in s
A D1
: . - Twastodiad forest
— _ s
| Forest now being neglected

' Fig., -20. Explanatory notes

Flg, 21 is a part of the Coconut foreot locatlon map -

(appendlx)
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" VIIL; | UTILIZATION PLAN OF COCONUT FORESTS

1. Preparatlon of a Lable of actual volume and area by age
class.f | '

‘In ordes tO‘eStabiieh utilization plan (cuting plan) of
coconut forests,_lt 1s necessary to find out about the dis~
-trzbutlon by age claso in addltlon to the total resources
(area and volume) : However, Lhe Yolume of edch block
measured in VII- ll~l oannot be. used for. prepare a table of
volume and area by each age class because in many cases stand
age was not avallable. Thus, the table was prepared by ‘the

Since the eample plots” used in the’ sampllng survey were
selected b; random sampllng ‘and proportlonally allocated by
stratum,-presumably they reflect the general trend in the
-target area.j Acoordlnqu, if the number and volume by age
class are obtalned for the sample population, and if the
dlstrlbutlon of ‘age classes is used to allot the total area
:and volume, the table of volume and area of each age ‘class
_reflectlng the actual 51tuatlon falrly accurately can be
obtalned  Thus, ‘based on'the appendlx Results of the field
survey on the sample plot, the numbers and volumes regardlng
'%the sample pOpulatlon ‘were totalled, and the results were
187 4 in npumber-and 2, 764,5053m3 in volume which are given
in thevleftmhand.column of Table 23 below, ’

- 95 -



Table 23 Number and volume of the sample plot by age class;
. distrzbution of area and volume by age class

R S T sy
=i T | s 8111 621, 00 16, 311
e A7 | 1407915 | L, 02%27 | 38 403
S R 4:-_‘_‘_' 190.3922 | 89878 - | 51,932
GO (0 ] - 760218 | . 34823 129,720 -
g VL 40| 449258 | = 23216 .| - . 12,247
R ) 65.5385 | 282.45 | 17, 865
wm 2T | 1104487 | 446,89 030,112
W 10,0 | 1277968 580, 38 34 858
W 164 | 2731036 | 95182 | 74, 488
X 84 | uresar | mm | 46 see
tx L7 | 4566718 | 67904 | 42,740
a0 1000 | 1637892 580. 38 44,677
XMW Coa| 27| 196,1569 | 737,08 53,514
XN 140 | 2962387 | 81253 | 80,787
XV ALT.| 2171565 | 679.04 | 59, 241
Coxv |70 | 33208811 406,26 | 36,030
U xw | 60 | 1231730 | 20019 33, 603
CUxm 0 a0 | 585146 17411 | 15,086
TRV T T 40 | 008745 | 23215 | 7,521
CRXER| so | sboisse | 17412 16, 147
T 1874 |2, 7645055 |- 0087629 | @53, 04D |

_Néﬁé?'&With regard to ‘the samples of E~stratum, since only
7 thie dtratum had & different sampling process (con-
Fversely the welght glven to the sample's area), they
‘iare adjusted by that ratio (welght for E~stratum
98.72 and for other strata 57.44=1.72), This is the
. reason why the numbers are not integral numbers.
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~ Accordingly, the total area of 10,876, 28ha and the
‘toal volume of 754,047 can be alloted according to the
;ratlo of each age clags as shown in the right column of the
{table.
: It should be mentloned hewever, these age clagses of
'samplea were not obtained directly from the stand age given
by the survey results but from the mean stem helght curve
f{VIl ~12~1; Fig. .17) with the average stem height of plot as
‘an index. - :
. This was due. to the fact that since the survey on stand
age wasg based on-verbal information, the age was roughly
-glven in 10s or more and was seldom in 5s, causrng extrene
unbalance on the ‘table which required the structural ratio
at’ a flve~year 1nterval.
i Further, though the mean whole height was obtained for
‘the entire biqck and the mean whole height curve (Fig. 15)
?showing'thé relétionship with stand age;, samples were used;
fon purpose, because the mean wholeé height was interpreted -
‘in meters, with the appllcatlon of the mean whole height
icurve im corresponded to an. 1nterva1 of 15-20 years and
‘the necessary 1nformatlon for every five years was not
jobtalnable. :
i(The average stem height obtained as a result of the sample
%survey was the average of actual values, it was obtained in
fthe unlt of effectlve figure 0.1m.)
| " The. table of actual volume and area by edch age class
-obtalned 15 Table 24.
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o Mean

2. ‘préparation of a growth prediction table

In order to calculate sustained yneld it i8 necessary
‘to use a: predictlon table which predicts how stand volume
lell 1ncrease. However, such material was not available not
'only in the survey area but also in Fiji as a whole. There-
gfore, it was decided to prepare a stand growth prediction
table. wh;ch can be called a yield table of actual stand
ibased on the table of actual volume and area of each age
class of Table 24 :
L First, £rom Table 24 the . relatloneh1p between cach age
{cxass and mean volume per ha can be obtained as Fig. 22 which
‘ghows thét,theyjfollow5a certain trend. When the uneven age
:cIass_ﬁalues were a&justed, the yield curve shown on Fig, 22
was bbéained.' ' ‘
o iThé_value of volume at a five~year interval obtained
from the curve is shown in the left-hand column of Table 25.
;fhésevﬁaiﬁéé can be used to calculate the growth of each age
classg Wthh can ‘supply the annual growth and the cut volume
{at the rotatlon perlod thus prov1d1ng the growth prediction
;table. _

fVOlumg"'

N Lo

100

iy 1

a0 30 40 50 60 70 80 90 100 (years)

Stand age

Pig. 22, Relationship between age class and
mean volume and yield curve
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3., Preparation of a succession table

In tﬁé caéé of the coconut stand left to grow, plant
suc09331on of growth and cut volume at the rotation period
¢can be predlcted by preparlng a succesgion table. '

With: regard to the growth prediction table prepared
under the sectlon 2, actual volumes of age classes are un-
' even.- TherefOre, 1f they are adjusted accordingly and
multnplled by flnal yolume of growth per year, the growﬁh '
~ and the cut volume at the rotation perlod can be obtained.

" If this calculatlon is repeated for each rotation period
'such as: 5 years later or 10 years later, the succession table
can be obtalned
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*4f- Lstabllshment of standard rotation period and ca]culailon
“of cutting area and cut volume '

N The standard rotatlon perlod is normally decided by the
stand age w1th the largest mean growth However, the mean
growth calculated from Table 26 revealed that it attains the
smaxlmum in. Lhe flfth year. 1t lS clear that the growth as
:volume ls rapld, but it does not possesg the utillty as
'tlmber yet if cuttlnq is done, as the formation of tissue
is 1ncomplete at the ‘stand age. Slnce the problem was raised
_w1th the 1ower yleld of nuts, it is more approprlate to use
”the perlod when the yield of nuts passes 1ts max Lmum point
as. the standard rotatlon period, Thus, lt was decided to
=use 50 years as the standard rotation period on the basis
'descrlbed 1n III 1

a Accordlngly, ‘the cuttlng area per one worklng perlod igs~
C % Total area +_(utand age at X or XTI age class) x5 years
ThﬁsQ‘_‘__ . o .
B 10,876 hg'% 47.5 (middle stand age at X working period)
S i"'” ' -Sﬁyéars = 1,145 ha | |
ld}é?G;hé ¥ 52.5 (middie stand age at XI working beriod)
D - x5 years = 1,036 ha |
_ Giii} therefore, be between 1,000 and 1,150ha.

Cut volume is:-
cutting area x (total of annual growth to cutting period
x 5 vyears)
and 1,145ha X 14. 6m3/ha {total of annual growth to X age class)
X & years) = 83,585 '
| 1,036 =« 15.3m3/ha {total of annual growth to XI age class)
x § years) = 79,254
thus, it will be between 79,000 and 84,000m> per working period.

5. Calculation of sustained yield

Calculatibn of sustained yield was made from the above
data. Firstly, in terms of plant gsuccession, cutting area
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can vary betw_een; 1,000 and 1,150ha per working period and
‘volume at yotation period between 79,000 and 84,000m°, As
Table“24 shows, however, there is considerable déviation
regardlng the area per each age class, it is 1mpossxble for
' both of them to be compatible to each other, .
' ?herefqre, horlsontal sustained yield of cut volume was
“to béfthe first principle, and calculation was carried out
on the undersﬁanding that fluctuations to some extent in
_¢utting area should be allowed (since it would presumably
Lake two to threc cycles to correct deV1atlon regarding the
farea) _ : : |
- Further, ‘planting is to be carried out on the premise
that only the portion felled will be replenished in the
foilowing'year;‘and expansion of area by expansive affore-
statlon has not been considered. '
Results of calculatlon based on sustained yield calcula“
tlon formula are glven as Table 27. Further, the total area
and total volume at the head of each working period, cutting
;area and cut volume at each working period can be obtained
ffrom Table 27 and are glven as Table 28, and Flg 23 shows
jsucce551on of area and volume by each age class at working
perlod 1st, 5th, 10th and 15th.
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Tabie 2 8:. '

Total area az}d total volume at the head
of each working period cutting area and.

cut volume at each working period

Tota) area at | Total yolume at )

the toad ot coon| S hoad of each| Guttig xen | cut vorue

wmfki.ngf‘veriod 10, 876 754, 268 m'i';;m 79"6;;

2? 10, 876 157, 805 | 807 80, 119

3 10, 876 . 754,653 871 80, 561

inn e _

' 4 10,876 | 751,026 927 82,975

5 | . 10, 876 748,800 98?:“ £3,189

6 10, 876 vis,298 | 1, 030 83,515

7. 19, ;3'16 74;5,4_28 I 1 017 83,729

8 10,876 | 749,962 846 83,314

o “ 10,876 ﬁ—’i;; 932 837 83,538

10 ‘{{{'é%e“i 755,672 ni 8,19

- HWMA W%_klo, 87;“ ‘ 754,—354 694 63,627

12 - 10, 876 749,553 640 83, é?&

) 13 10,876 741,248 638 83,473
14 10,876 730,594 581 83,502_w

5 15 10,876 717, 256 - -
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1st worklng period

: Area
‘m
‘1o

Volume
T o - oo
b ' 100,00

cseoll |l , e

¥ R LA Yy i/\ 1 80,000
Ao o E : : _ . _ e d

. Area

gdofT

| 60,000

&Eflume | 40.000

200 MR _' _' X:A N | 20,000
N el I H Ny 42 B ; )

.10 .20 - 30 .40 50 B0 70 B0 G0
'L BV VWUV KX X X X0V XY XXM XX XX

400

“Area  Bth working period Volume
L da ni

ne00l | : {100,000

|

T

C800p |y '- : Jsu,mm

-_506 - - 60,000

AT N
2004 / IEEREE ./4

10 20 30 40w 60w 80 %
[ & I N vouoww KX MoK W XV MR R MY D
Fig. 23. Area and volume by age class at each
"working period
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 10th working period

- hrea ' : _ | Volume
;. ha, .
1,000;- {100,600
:. “—T
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6. cutting plan

i BYVthe calculation of sustained yield described in the
;preVioueiworking period, the total cut volume and cutting
area by age olass were obtalned
| ., Slnce the target area oonsmsts of prlvate plantations,
further plac;ng isg not p0531ble. However, 1f ‘the Fiji Govern-
;ment gtves an adv;ce, as admanlstratlve guldance, on felllng
‘to the amount calculated above, and - if it is accompanled by
‘Bregeneratlon, permanent and stable eupply of coconut timber
;can be posstble._ Further, after a lapse of two to three
'cycles (l cycle lS 50 years), ‘¢oconut stand structure of
Tbalanced per age class area and volume can be obtained.

;f'r Transport plan, etc.

: Accordlng to- the calculation table. of sustained yleld
,glyenuonamable~2?f ‘cut volume will be on average about
~82,Q09m3,pergworking;period, amounting to about 16,400m3 per -
._annﬁm,'or -about. 17,600 tons in weight (as green density is
1,071kg/md) . |

_ . This: is. 88 tons a: day (200 worklng days a year}, and
_,dan be. transported by 18 trucks (capacity 5- ton) . Therefore,
there’ 15 no. nece331ty of . constructing. solld roads or re1n~
forclng the -existing ones. ,

Further, as deecrlbed in the results of the fleld survey,
‘gince there are work roads to transport coconuts, apart from
-publlc roads, runnlng in the plantatlons, it is not necessary
to construct” new roads.

‘As- for: exportatlon, the exxstlng harbor facilities at
TSomosomopcan-be used,_w1th a vessel (capacity 500-ton) call-
“ingievery © days.-fAcoordingly, it is not necessary to im-
.prove the present facilities. HNowever, as there are no
fa01lltleS at present for storing timber collected at the
,harbor it will be necessary to construct a timber basin of

a small scale.
- Collectlon in ‘the stand can be carried out w1th tractor

or truck equipped w1th_a winch.
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‘-EX}_,P?QPQfétipﬂ of a Manual of Coconut Forest Inventbfy

1 Evaluation of inventory procedure

L Through the procedure descrlbed above, coconut tlmber
fresources were vonflrmed and the utilization p]an (cutting
plan) was formed ThlS work process was almost as it was
planned at Lhe outset in VII 1, and there was no major alter-~
atlon._ ThlS satisfactory outcome was probably because the
Prellmxnary ‘survey teait had grasped the situation by col-
1ect1ng material and information thoroughly and by carrying
out field survey to some extent.

" With regard to the preparation of a manual of coconut
forest inventory, in view of the successful outcome of the
p#eéeht'sufvey, the procedure will be simply to repeat that
of the'present'survey. In the case of carrying out inventory
of cocohut stand in argiven target area, it can be done as
the present survey following the flow chart of Fig. 7.

However, with regard to the 1tems below, it will be
desirable to prepare them anew, though those prepared under
thé'present survey can be used as substitutes if it presents
problems in view of costs and staff.

(:) Preparation of volume table and the necessary

field survey of sample trees (a).

C) Preparatlon of photo volume table and the
necessary field survey of sample trees (b).

C) Preparation of standard interpretation cards.

If the target area is far from Taveuni Island, or if the
form of coconut stand is unusual, it seems necessary to select
sample trees to find out if the data obtained under the present

survey are valid for the area.

2. Manual of coconut forest inventory

.Bf SOiting out the data and the various survey methods
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describied above, a Manual of coconut forest inveﬁtroY was

obtained, which is given as Appendix II. As the procedure
is_akxepétition of the present survey itself, as mentioned
;above,?detail@d are excluded from the manual, For details
“and'examples, the results of the present survey given in
VIT and VIII can be consulted. Further, sections on photo-
graphing‘éh&"mgﬁﬁiﬁgfopefétion:are omitted from the manual
as they are regarded’ as cdmp].eted.
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X. LIST OF THE PRODUCTS

Those material resulted from the present survey can be
. listed as below.

[Photographs] _
1} “Aerial photographing films
{negative films} 1 copy
2) - Positive films
‘  f(wi§h_pa$s‘p0ints'tranSferred) 1 copy
_3)  Contact prints | ‘ . 2 copies
© 4} ' Original index map - 1 copy

5) Aerial photo mosaic 1 copy

[T0pbgraphical map]

. 1)  Pposition map of control stations 1 copy
2) Results of aerial triangulation 1 copy
3) Topogréphical original map 1 copy
4) " ~ copied original map 1 copy

(It was used as material for Coconut
forest distribution)
{Coconut forest inventroy)
1) Coconut forest distribution map
- {1/10,000) 1 set
2} Coconut forest location map
- {1/50,000) _ : 1 set
"3) Photo volume table
(with explanatory motes in English) 3 copies
4) standard interpretation cards 1 set
5) Coconut forest inventory note 2 ¢opies

{Table of area, number of trees and volume of
~each plantation)

6) Field survey note 1 copy

7) Results of neasurement of sample trees 1 copy

8) Report of the survey
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Appendix

I. Tablé of Field Survey Result (results of the
survey for estimation of the total volume).

. TI.. Manual of éoéonut ForéstrInveﬁtory.
111. Scope of Work.

1V. Instructions for the use of Relaskop
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Appendix I

Tab,le ot Fleld Survey Result
(results of the survey ‘for estimation of the total volume)
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: 17.1 27,2 17 16.9824 133 84.9120
Low Low Low Low Low Low
6.7 24.6 3 10.8985| 155 54,4925
161 5 0, | o o Righ High High | Hign High | High w 5
(12) 20.8 25.0 5 5.2535 25 26,2775
Low Lo Low Low Low Low
6.9 27.9 ls‘ 7.6166 94 38,0830
162 6 50 o | High High ftigh | ttigh High 1tigh b [
6.7 26.5 7 15,9378 85 79.6890
Low Low Law Low Law Low
13.4 273 5 3.5M6 25 1%.6730
162 T ,60-70 o < | High High High | #igh High High Ll 7
{ 12] 16.7 25.6 10 89,8624 50 ) 44.3120
Low Low Low Low Tow Low
4.9 24.7 64 16.2076 320 $1.0380
164 8 0, | © HETH High wign | Itigh High High L] 6
2! 16,5 23.9 20 15.6863] 100 78.431%
Low Low Fowt Low Low Low
3.7 24.7 41 7.98L0| 205 35,9050
165 9 70 o| o] nign High High | figh High High H 9
(ag! 16.4] 2003 18 yo0.8453 70 51,2265
Iow Low Tow Low Low Low
4.3 z1.8 27 6.0926 135 36,4630
— = —
166 [DIj-10 35 o igh High High | Bigh ligh Wigh H 5
16.0 22.0 4 3.2893 20 16,4465
Low Low Lov Low Low Low
k.6 19.17 5 18.1711 175 90,8555
L } WL“‘__L . A




Age class| Forest condition Plot volume Volure per ha Topography
Sample | He, Stand .
point within | age M Mean " R X
. tvatum |- vl A laan omaxks
Wo stratum| {year) { g | o~ | o contral | numper| YOlWre Humber| voluwme  JAzi- |slope
‘ g 3 © | neight - |diameter (i) fm) |eutn] ¢ =
- {m) (cm)
167 1 5le 3 28,8 14 2. 178 70 14,0890 | & 22
168 | (BE)~ 9] 40-50 ° High f1igh Migh | High Bigh High niv| w1
. - 16.5 5.0 2 1.6784 10 85,3920
Low Low Low Low LoWw Tow
7.0 22,7 5 ‘ 1.5811 25 7.9055
169 12 50 O 15.0 22.6 18 11.5087 20 53.0435 ] vW 1l
(over)
170 13 - - - ] 0 0 3 £y 7 {Unstocked
o ) land
1 20 % o 17 23.6 1 0.78%9 5 3.9395) N 8
172 21 50 o 1.7 25.9 22 14.4523 110 72.2615] Rw 10
173 22 40 ° High | High High | High High | Hioh nW 8
16.0 25.9 S 4.370% 2% 21.8%30
Low Low Low Low Low Low
8.3 24.6 4 1.6904 20 8.4520
174 31 15 | o 6.9 25.0 19 6.9443 a5 3, 72051 W 10
s 38 5lo Wigh High High | High High High W 9
S . 27.7 5 k.5186 25 7.5930
Low Law Low Low Low Low
2,3 30.0 3 0.4906 15 2,4530
176 46 60 o | High High Righ | High mign | Hiah s4 16
’ r3.9 23.3 19 12,3052 95 61,5260
Low Low Low Low Low Low
1.1 10.2 14 1.,0721 T 5.,3605
127 44 52 (o] 3.7 24.5 23 15.5668| 115 77,834 | RE 13
178 45 79 o | High High Migh | Kigh High | Wigh W 10
5 1Y) 25.8 2 1.3618 30 6.8090
. Lowt "Low Low | Low Low 10w
] 2.2 19 1.8126] 50 9$,0810
A 48 65 ° 1.2 247 5 15048 25 17,922 | wnn | il
380 50 ;45‘50 o Righ High High | High High Righ nNi) Hil
: 15 28.0 2 1.8416 10 9, 2080
Eow Low Low Low Low Low :
5 23.0 1 @.3593 5 1,5915
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Appendix 11

 Manual of Cocbnut Forest Inventory
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~ MANUAL OF COCONUT FOREST INVENTORY

1, Pjanning and preparatlon'

In order to carry out lnventory satlsfactorlly, opora—
tzonal plan should be formed after collecting relevant
materldl and graspjng the general oltUdilon of the target
area. ) ‘

_ The fol]owlng matcrlal necessary for the inventory should
be prepared' .
1} Aerlal photographs (1/10,000) .
2) Aerlal phoLo mosaic (approx. 1/10,000) .
3) Basic map (1/10,000),
'4i 1/50,000 topographical map.

2. Pfeiimihafy iﬁtefpretation

o By 1nterpret1ng aerlal photographs, coconut stand is
to be marked out flrst, and plantatlon poundaries and also
those by planted year and forest type are to be marked out.

_ Then, general data such as tree height and crown density
are to be 1nterpreted for every section. They are to be
_arranged according to age class {young, middle and old)},
structure of the crown (single and two-storied) and the
degree of_utlllzatlon {(utilized or idled}, and marked ten-

porarily with dermatograph pencil.

3. sStratification

Stratification is to be based on the following units.

Stratification unit Code

- young forest in use ' [ YT ]
- Middle forest in use [ MT 1}
0ld forest in use [ o1 ]

' Two¥storied fOrest in use [ b1 ]
{ E )

Idle forest
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As for operation, by using the temporary marks entered
on thé-aerial‘photographs, each section is to be arranged
abcordingfﬁO‘stratUmfunit, and the boundaries based on stra-
tification are to be entered on the photographs.

 TheSé'§oundaries are then transferred on to the aerial
moSaicj(approx.‘1/10,000). Pblyester paper with each block
representing an area of 100m x L00m is then placed on it to
trace the stratifieatidn boundaries. A running number is
then given to those joining points within a stratum to obtain
a stratification map. |

8ince one point represents an area of approximately 1 ha,
the. last number in each stratum can be used as the area of
cach stratum value.

4. . Sampling of sample plot

Based ‘on the stratification map prepared under the
previous section, samplihg of sample plot is to be carried
out by stratified random sampling. '

The number of samples is to be decided from the view:
points of precision estimate and costs; for estimate precision
of 5% 450 samples will be necessary and 120 samples for 10%.

Allocation to each stratum is to based on proportional

" allocation.
ni : Number of samples
in i-~-stratum
R , . : :
nLo=Rv _ ~n : Total of samples (167) .
Ai : Area of i-stratum
A : Total area

Ag for allocation, E~gstratum is to be excluded from
sampllnq survey, and allocatlon is to be fox the first four
strata. However, since it will be necessary to have material
concern;ng E-stratum for 1nterpretatlon by block under the
section 12, a fow samples are to be selected independently.
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uolected samples are to be entered on the aerlal photo
“_mosalc Wlth -gample numbers, .They are further to be trans-
fﬁcrgad,to_aer;al;photographs for convenience in field work.

5, Fleld worklng

Those photographs on whlch pOSltlonS -of samples are
._entercd ‘are to be taken to the survey area to determine the
_cehter ‘of the sample plot and to set up a circular plot of
0.2 ha" (radial 25. 23m) .

: Then all the trees w1th1n the plot are measured for stem
height_and central.dlameter._ As for equipnment for measurement,
. Blume- -heiss is suitable for stem height, and Relaskop for
central dlameter. L .

o Resultq of the meaqurement are to be entered in the
Fleld survey note.,

o For the purpose of preparing a photo volume table, survey
is to be carrled out on those sample trees closest to the
center of-plot. Item for measurement is whole tree helght
_ Further, measurement is to be made for the purpose of
_preparlng volume table 'Items:for measufement are stem height,
central diameter and dlameter for every 2m helqht, and measur-
ing isto be done' by climbing. The results are to be arranged
‘as the Results of measurement of sample trees. .
‘=--0therkoperationsrtO'bé conducted in the target area in~
clude confirmation of the plantation'block and blocks by forest
'type; sﬁrVéy on the stand age and survey for the establishment
of a utilization plan (method of skidding, transportaiton,

houling network and harbor facilities).

6; Rreparatioh_of‘volume table
‘;By-uSing'tﬁe'diameter values mecasured for every two meters
by climbing in the field working, actual volume of a single

sample tree is to be calculated.
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| As for stereometry, Smalian's formula is to be used,
and ‘the results are to be accumulated to obtain actual
volume of a single tree.
“Actual volume of a single tree = stump volume +

. interval volume + volume of under leaf section

~ stump volume = BLIEL 5 03

Na

Interval _ &‘%&* X 20 + _Ef_f_gs_ X 2.0 ; + Enatga.
: L | ’ g 2 s _mw—iw""—-

volume X 20

(_5_'.%3_92.) g, Ty o b g ) X 2.0

volume of under _ ®,.1+gn
leaf section - ””“7f&mki£
Using the stem volume of each sample tree as dependent
variable and stem height and central diameter as independent
variables;:regfegsioh'analysis is to be conducted to obtaine
a ‘volume estimation formula.
7'v_: a * Db . . Vvt volume of a single tree
D: central diameter
H: stem height
a,b,c: parameter
From the results of regression analysis the Volume esti~

mation formula .is obtained, which can be used to prepare
vﬁlumé'table'haVing central diameter and stem height as factors.

7.  Arrangement of the regults of surxvey on sample plot -

wlth the prepared volume table the stand volume W1th1n
a'Sample plot is to be obtained. This is to be accumulated,
and the number and volume should be arranged for each sample.

priér to that, regreéssion analysis is to be made, by"
using the surveyed actual central diameter and the remotely
meagured. central diameter with Relaskop to calculate correc-
tionlCoefficient.'ng'there is deviation between them, a
volume table (for measured values with Relaskop} having cor-

rected values as factor is to be prepared.
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Results of the _suxvey are to be arranged as the Table
“of [leld survey results.

8. ;Pfébafdﬁidh of photo volume table

' Volume of 31ngle trees is to be calculated from the
‘results of the field SurVey. AL the same time, whole tree
;h81ght lS to be measured from photOgraphs Measurement is
 to be made by measurlng parallax difference with parallax -
bar- and galgulatlon is to be made by the formular below.

L. FA-LH : - : -
= BrAP xAP Fa:  Flight altitude

LH: Height above sea level at
a sample tree

b: Photo base length
AP: Parallax difference

Phen, regression analysis is to be made with interpreted
“height as H and volume as v to induce the following volume
estimation formula. |
| S v = al? + bH + c

The resulf'is to be multiplied by the number of trees N
to prepare a photo volume table for stand, Thus, volume es-
t1met10n formula will be:

| V=N-+v=NaH2 + ai + )

9. Preparation of standard interpretation cards

By arranging the data on sample plots obtained in the
field working, 20 suitable sample plots for interpretation
~are to be sgelected, taking into consideration forest types
" and the difference in forest condition.

The standard interpretation card base is to be designed
with a portion of aerial photographs {(1/10,000) is stereo~
palr and a ground photograph for visual effects. Results of
the fleld survey are also to be supplied on the card which

 1$ to provide materlal for interpreting coconut stand.

10. Pfébaraﬁidn of a block map

Those plantation boundaries and forest type block bounda-
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. ries Séﬁ ﬁﬁ”rbﬁéhiy in preliminary ihterpfeiatlon and ad-
3usted or ‘confirmed in the field worklng are transferred to
_the ba51c map of the scale 1/10, 000 to prepare an original
"block map. _

. Then a runnlng number is given to each plantion. Forest
type blocks in the plantatlon are also given a running number,

H_:thOUgh left—over areas (hardwood forest, hou31ng sites and

"roads) are to be excluded._ _
These numbers, together with the-established plantation
and’s block boundarles, are also entered on the aerial photo-
graphs. ' ' o

‘ Areas of plantatlons and of forest type blocks are then
'_medsured on’ the orlglnal block map. For measurement dot plate
(1_detgfor-0.25:ha) are;to be used to count the number of
 dots for each block. -Measurement is repeated three times to
get the average which is multiplied by 0.25 ha to obtain the
area.of the block;;_The areas are to be recoxded in the Forest

invento¥y hote.

11, Analys;e of ‘data on’ helght

After preparlng a chart of correlatlon between whole
tree. helght and eLand age measured in the field working of
e'the sectlon 5, the mearn ‘whole height curve is obtained by
taklng average of the whole tree height of each stand age.

 Same operatlon is to be conducted for the relatlonshlp
between the average stem helght and stand age to obtaln the'

mean stem he;ght.curve,

12, Interpretatlon by block

| Those plantatlons and forest type blocks {plantatlon
plocks). confirmed under the section 10 are to. be surveyed by
means oﬁ,photoéraphiclinterpretation and field working for
‘the following data, | | |
Forest type‘cede: Classified as follows based on the stand-

age given below
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.Yizgin‘use at present, 0-25 years)

M ¢ - " 26-50 years)
or. { | " Over 51 years)
DI ( "  Two-storied forest)

E (idle fdr'est)

; 'With regard to YI, MI and OI, those blocks which cannot
_be %urveyed in the field working are to be estimated by apply-~
ing the mean height 1nterpreted to the mean whole height curve
obtalned under the seéction 11 or by using the number of trees
and the 51te as criterion for judgement.

' 'Area° Those block areas measured under the section 10

are to be transferred.
geCLes' Based on interpretation of photographs.

Mixture raté: Baged on interpretation of photographs.
. Mixture rate is to be recorded when different
species or crown compositions (two-storied
forest) are noted.
- 8tand age: Based on information supplied verbally at
- the site. Those blocks which are either unsurveyed
or ﬁncértain are to be left blank,
| Age class: Based on stand age, five years are to be
‘counted as one class.,
ﬁVerage height (whole tree height): A few typical plots
(for 0.25 ha) for interpretation are to be set up
with in a block on the photographs with the use
of the plot-setting plate., Parallax differences
of several trees in the plot are to be measured
with parallax bar, which are then converted into
tree heights. The method of conversion is the
same as the estimation of height for photo volume
table. And measured tree heights are to be taken

to éupply the average values.
Number of trees per ha: The number of trees in the
| plots setup above is counted and converted into

the number per ha.
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Volume per ha' Calculated by applylng the measured
helght and the number of trees to the photo
volume table prepared under the gection 8.

~ Result of the interpretation are to be arrahged as
Coconut foregt inventrry note which giveg plantation areas,

number of trees and'volumes.

13, - Calculatlon of total volume by accumulatlon

The numbers and volumes of forest typea calculated under
the section 12 are to be added up for each plantation and.then
for. the entire area to obtain the total number of treeg and
the total~volume‘-

_14;_ Calculatlon of total volume by sampling

' By u31ng numbex of trees and volume per ha obtained from
a plot, sampllng totalllng i8 to be carried out. The method
of calculatlon is the stratified random sampling method glven

below.'
Stratum area ' Ai
Proportion of stratum area ;= zfab-
Mean-value of ¥ in samples f;:=“ﬁ{E;B”
" 5(":.:6:_%'(9;-55,
e . 1 . Fx_.
Varianve in samples = ol L;fﬂf)}
s ‘ . ‘ : 3 i
: | 2 Sz,
‘Variance of mean value Bx = ‘TﬁL
2
" G 2= 2w 'SJ,L?E'
3
Staﬁdard'deviation Nrng
of mean wvalue S# = i
I oo 1
1t
Confidence limit of ' e b eG.
. Rl t’} Sx
- mean value : S ¢
" R=t *» Sz
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~ Error rate of estimate 6, = Rii x 100

xa__
SR S £ == RXIOO
Coem g
 Bstimated total Ki=A, (koS5

1 X-’—:At(fitﬂsf)

.15. Evaluat on of the accumulative total volume

_ The accumulative total number and volume obtained under
the section 13 and those statistically obtained by sampiing
'totalling are to be compared to see if the former is within
the confidence limit of the latter.
o 'If’the accumulative value is outside the confidence
linit, the difference should be corrected by allocating it
each block

In this case it should be remembered that the value by
sampling dose not cover the stand belonging to E-stratum,
whereas the accumulative value contains it.

16, Preparation of location and distribution maps

The aVerage height, number of trees and volume obtained
under the section 12 are to be entered on the original block
" map prepared under the section 10,

Then the original map traced and arranged on the poly-
ester paper to prepare the coconut forest distribution map.

Further, the original maps.are to be reduced in scale
“£rom 1/10,000 to 1/50,000 and combined as one sheet. This
is then traced and arranged to obtain the coconut forest

location map.

17. TFormation of the coconut forest utilization plan

A coconut forest cutting plan is to be formed to carry
out cutting effectively while sustaining the stand,

For that purpous, calculation of sustained yield is to
be made on the bagls of the survey of sample plotg, results
of 1nterpretat10n by block, the accumulative value by block
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" and the coconut distribution map, so that appropriate af-
forestation, skidding and transportation can be planned.
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appendix IIl

- Scope of Work
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 Appendix IV

;Instfuctions for the use of Rélaskop
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~ RELASKOP

1: 'Structiire ‘and Function

' Jf'VgeﬁiQtféﬁspéfént
1 mirpox :

collimating
ayepiece

.ﬂ,_._.-;_.;'- = E

-

Rotating’
shaft =

Lt T

. M \
Graduati :
pi:tza }qn_ Height o
o . K o PointA Point0O

Belt~1!_t0 measure the angle.@ when tilted.
Belt 2: to méésuré the height corresponding to a specific
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- _‘hor:l zonta] dmtance (10m, 12m, etc.)}. (Vélue of

© Belt 3: wide belts (WB) and narrow belt (Np) having ‘the
: | width of 1/50 and 1/200 of the d:n.stance. It has cos
.' 0= adjustment responding to the. tilt to maintain-the ;
) relationsh:ps Wp -‘dlstance %x 1/50 and NB = distance
X 1/200. '

"Measﬁrgment ofrheight:

/ Heigh
‘ to be

/ - ) | meas~ \

AR RORRRY T ER L S

L twunwa)
N2

AT
3 T

ll

If Relaskop is tllted 80 that the pOSltlon to be col-
llmated 1s at the center of the screen, the graduation plate
- moves to g;ve the value on the belt (code over . ) . Using '
the belt: respondlnq to the distance (. for the distance
_of lOm, . for le), the value shown at the center of the
screen Wlll be the height.

'-'N'Qte:-’f-If the horigzontal  distance ig over 20m, the belt ‘show-
1r1g the half of the distance’ is to pe used and the
reada.ng s to be doub}.ed
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Meagurement of diameter:

Diamete -
to be e 4

. o
measurdd Jt:::::l////

L

wide _
belts (Wp)

Screen

I
\\\_“s_\ .y \\_\.Im_\m ALEMARRARRY

Narrow belts (Np=1/4Wg)

Diamétér at:middle'height-

At a horizontal dlstance of 8m, collimatlon is to be
“made at the mlddle helqht. Then the wide belt Wy and the
‘narrow belt Ng will be shown in the screen. Count the number

' of wide belt ny and the number of narrow belt ny to use the
_formula.  Dom = {4 x ny + nyg) x 4. ' '

Example nyg = 2 nN = 1.5+D = (4-x 2 +1.5) x 4 = 38cm

hemonstration' lwg = 1/50:L

iwg = 800/50 16cm

n

L = 8m = 800cm}> -
1Ng = 1/4'W = dcm

Dem = léemen + domen = (4-nw + nN) X dem

' Meaéurémént of crown diameter:
- At a dlstance of 40m, collimation is to be made at ' the

crown. Then follow the same procedure as above to obtain

the c¢rown diameter.
CDm = (4 X ny + nyl * 0.2
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