2.2 Physical Geography
2.2.1 Topography
(1) Topographic Classification

The main topographic features of Zambia are represented by a series of gently undulating and
flat plateau with isolated hills and low ranges, as shown in Figure 2-7. Broad shallow
depressions can oftén be found in the plateau forming swamps and flats. The western part of
the country is covered with loose sediment delivered by the Zamberzi river which forms a wide
flat plain. The plateau are abruplly broken by steep linear ¢scarpments running in a NE-SW
direction along thé Luangwa river and Zambezi river in the south western penpheral area of
Zambia. The plateau has an average elevation of 1300m above sea level, varymg from a
maxinum of 2164m in the east to a minimum of 325m at the Zambezi river. The majority of
the country ties between 900m and 1500m and the main cities are mainly situated on the gentle
undulaimg plateau. Topography of Zambia is classified in detail by satellite imagery
interpretation as shown in Table 2-14 and Figure 2-7.

Table 2-14 Classification of Topography of Zambia (km’}

Montane Deégraded Aggraded  Escarpment  Rill Trosgh  Fscarpment

Zong Platéau Plateau Zone : Zone

Lusaka 0 8,435 0 8,430 5,229 22,094
Copperbelt 0 31,217 0 0 0 31,217
Central 0 80,898 295 7,096 6,395 93,634
Northwestern 0 -76,324 48,957 0 0 125,280
Western 0 2,084 125,259 0 0 127,344
Southern 0 19,446 44,656 11,709 9,387 85,199
Luapula 0 38,319 0 3,002 8,274 49,594
Northern 323 106,831 0 12,586 27,552 147,292
Eastern : 160 22,862 0 24,082 22,043 69,146
All Zambia 483 . 189,542 169,915 51,379 67,256 753,851
Montane Zone

Monlane Zone means mountain regions, and this unit consists of land at an elevation of more
than 1,850m. This unit includes Montane Plateau (elevation of more than 2,000m ) and
Montane Escarpment. The distribution of the Montane Zone is limited to Northern Province.

Central African Plateau

Most paris of Zambia are classified as Central African Plateau. The elevalion of the plateau
ranges from 1,850 to 600m. The highest parts of the plateau are located in the north and north
west of Zambia. The elevation gradually reduces toward the southwest/south to the Zambezi
river. In general the plateau is gently undulating in all places. Central African Plateau is
subdivided into two major sub units, that are Degraded Plateau and Aggraded Plateau. The

- surface of Degraded Plateau is made by eroston and traversed by network of rivers. The relief
- of the plateau is dominated by drainage density. Swamps, lakes, floodplains and isolated hills

are included in degraded plateau. The surface of Aggraded Plateau is made by sediments and

~ characterised by very gently undulating plains with widely spaced siver lines and by sand

dunes and pans made by wind . The distribution of aggraded p?ateau is limited to Western
Province and North Western Provmce _
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Escarpnent Zgng
Escarpment Zone exXists belween the Cenlral African Plateau and Rift 'I‘roughs and is

characterised by a steep escarpment. The Escarpment was made by major f‘aultmg and
subsequent erosional processes and abruptly breaks the African Plaleau This zone ls very
clear along lhe Luangwa chr

Rift Troughs ' '
Rift Troughs até located in the floors of large valleys which have been made by major faults.

The main Rift Trough in Zambia exists along the Luangwa river and the elevallon generally
ranges from 325m up to 650m.

2.2.2 Geology

_The geology of Zambla compnses various rocks and layers dating from over- 1,000 million
- years ago {Precambrian éra) to more recent times. These rock formaltions coisist of igneous,
sedimentary and metamorphic rocks. The stratigraphy of Zambiai is summarised in Table 2:15.

Table 2-15 Stratigraphy of Zambia_

. Geotogical Age Super - | Groupsor Rocks and
. o Groups . Formation Sediments .
. S [ Alluvium Alluwum sands, Gravels with .
Cenozoic Quaternary Cenozoic . _ Yclay near lakes
Era Teriary Supes Grovp 't Kalahari {Fine sands, Sandstones with c!ay
: Group
- Mesozoic Lower Mudstones, Silistones |
: ‘Cretaceons | Supér Group | - Cretaccous
Mesozoic ' L Formation :
Era : T Upper Basalt, Intesbedded sandstones,
' ‘ Jurassrc | .Kareoo Karroo Group § Sandstones, Mudstones, Silistones
CarbomfcrOus Super Grovp | Lower {Mudstones with coal measure, Silt-
Kaisoo Group |stoncs, Sandstones. Conglomerates
Palcozoic Silun‘an Lower Quarizites, Shales, Sandstones
Era Ordovician Paleozoic
. : : Super Group |- .- ; - ¥ o
- | Kundelung | |Carbonate rocks with shales, Shales,
L - Group - Siltstoncs, Sandslones
Early Metanga Upper . - |Dolomites, Argillites .
_Paleozoic | Super Group | Roan Group : :
Precaimbrian | Precambrian - Lowver Quarlzites, Argillites, Dolomiles,
Era Roan Group | Conglomerate, Mine series shales
Basement and § Muva Group | Shales, Mudstones, Sandstones
Muva Super | Basement . - | Basement gneisses, Migmatites,
L Group . Complex Schists :
Various age mainly older Intrusive and Metamorphic Basic-igncous rocks, Mcta- :gncous
Precambrian Recks rocks, Amphibolites,
- ' Melasediments, Metavoleanics

. qucment g;gmple

The oldest system in Zambia is Koown as Basement Complex which is dated to be over 1,000
million years old (Lower Psecambrian). The Basement Complex consists of highly deformed
gueiss, schists, quartzites, conglomerates crystaltine limestone, migmatites and granites. The
Basement Complex mainly outérops in lhe cast and south-eastera part of Zambia and its
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distribution areas mosﬂy coincide with the "Bangweulu Block" as shown in Figure 2-8. The
Basement Complex is overlain by undeformed Precambrian to Lower Paleozoic sedlment
known as the Plateau Series and Muva Group.

K'\tfmgﬁ Su pcr Gronp
The age of the Katanga Super Group ranges from late Precambnan to Cambnan (100 to 500

million years old). The Katanga Super Group comprises shale, sandstone, dolomntes
quarizites, limestones and conglomerates. The Katanga Super Group is distributed in the
northern and ¢éentral pacts of Zambia, and almost coincides with *Katanga System shown in
Figure 2- 8. _ : _

Lower Paleozgl(: Super g;;:ggm

“The Katanga Super Group is overlain by sedimentary rocks such as shales, quanznes and
arkose sandstones. They are grouped as Lower Paleozoic Super Group and are extremely
timited. Its existence is only evident in the western part of Zambla and the mld-ZambeZI Valley
by drilling i 1nvesilganons Co .

Karroo Super Group

The Karroo Super Group is composed of hlhles (ﬂuvo-glacml ongln) coal seams, mudstones,
marls, conglomerates and basalt. The Karroo Super Group corrésponds to the Carboniferous
to Jurassic Systems. The Karroo Super Group is dlslnbuted along the Luangwa river and
western part of Zambla as shown in Figure 2-8.

Mesozoi¢ Super Greun

The basalt of the Karroo Super Group is overlam by mudstones along the Zambezi river and
to the west of Zambia. These {ayers have been judged to be Cretaceous in age based on the
discovery of certain fossils and are named the Mesozoic Super Group. The thickness of the
Mesozoic Super Group has been estimatéd as up to 100m thick. The dlslnbuhon area of the
Mesozmc Super Group is shown in Figure 2-8 as "Crelaceous System

anozo!c Super Gropp

‘The Mesozoic Super Group is overlain in a large part of the extreme west of Zambia (Barotse'
Basin} by tertiary sandstone and quaternary consolidated sand layers (duricrusts) and clay
fayers. These layers have been named the Cenozoic Super Group and they are divided into

two formations; namely the Zambezi Formation of the lower part and the Barotse Formation
of upper part. The so-called "Kalahari Sandstone" isa rnember 'of the Zambezi Fonnauon

Inlruswe Rocks

Intrusive racks of varying age and type mamly mlrude the Precambrian rocks. The majority

consist of granite rocks and the remainder are gabbros, dolerites, syenites, etc.






ww*lg‘-w _Fu-w _F_zz‘w _*gz;'w Ai'grao- _ir_:u'ocr _lgu‘w __igzs'oor 495'30( __Fzroo' _%gze'w _i_l}'l‘tl)‘ “F'”w _an'm' _an'au' +mw _;gsz _igse'w _F_GO’W _F:-‘rw ‘F"w _}:_sz‘w .1532‘30’ ¥ww _Fww “t“u.w
: 8800

3¢ 90’+ |
oy, Zambia
Geology

sn'aor_l__
'_r_sn‘w

soes]
|

no'ag‘_ _I_sw'a&

sn'og:l_' _]_gu' o

e 39_:}_ _I_Sll'w
S\.Z'(Q_‘F

832 32’]__ _I_*.nz‘ 307

a:wcxg}_

ssa‘agi_

_P!G’OO’

_|§13’30’

su'ogl_ _i_su'oo'

4 S147 30

au‘:ac_r'i_

o

s1t'm+

.

s16° ogl__ __}_ssa'so'

_]_:!15"00’

\ -:':3 : sw'ogfi_

Jaw o

818’39_]7

e:r'oq__ '_;_urw

ll?’aq‘ _I_SITW

Torw dover larw oo £2o’ o7 Ycor ks Faver R T ooz s Aror Sep ay -'—',’f:g

—d

i P Yorer Trsr “ferow Yorw oo lacw ‘*E‘:a'm}‘ &

Hiﬁe’wg

__‘_39'!.\0'.

_PS’W :

+§12'00‘ :

Geologic Syt

All symbo.Ts dashed where inde
4 4 Thaust of Ren
L == Fault. U/D on

thovemest is
of stake-stip
Faul. Movem

Lineamnent, M
_Sua!ograp}u'c |
e Foliatica,
$ Anticlinal ax s,
# Synchnal axjs.
-+ Dome
Lithologic Symh
_ Aluviom, colluvium, Taterite }
E27 K alahasi Group with fossil seif danés
unconfopmity
id, Basalts

(& Upper Karcoo (Zambezi Valley ). Karrod u

) Lower Karroo, undifferentiated

{#)Baszl Formation and Coal Measure

enconfommity

£53 Ugper Kundelungu Shales (Luapola Pravin

. Kwﬁelungg parimite apd ruéitguforrngiion

includes Petit Conglomerat in Luapulz Pro-

Ef‘o wer Kundelungy Shales (Luapmgul’rwin

(= 1Kundelungu carhonate rocks; may be Mwa:

g Keadelungu uodifferentiated; may indude 5

— Predominaptly shales, siltstones, {andstones

EZB Mwashis - typically carbogacecys shale an

= WUpper Roan - Typically dolomite argiltite

P Lower Roan wz'LE basal eonglomerate; the

*Includes guantzites, coaglomegates, argdlite

B Minc Scres'undifferentialed. Urpc.r can p
province and at weslem end of Coppertelt
Upper Roan acoupd Luswishi Dome. S1atus

unconfomity

£33 Upper shales

£4i Upptr quartrite

£ Lowec shalss

i Lower quanzite

Lo} Quenzite-pelite sequences -
Mectimorphosed pelite, quartzite-pelite 2rd

L assc-ci:tcrt)ihmcia-‘é?e:bon%!c and m‘?!a-vo!cl_r{
Mpisishya gronp, Sasare groap and Mvami

upconfennity .

%) Pre- Katanga schists, updifferentiated. Inche

22 (int -rlayered goeiss and schist) and various
resinces,

EME Graaulite Tacies rocks {excluding chamoct

T Undfferentialed B it C R GEY
Ex3 Some gxlan'.itg,ﬂd ssewcat Lomplex; mainl

(3] Veleanics and aieta-volcanics

3 Meaa-carbonate rocks of various ages

33 Cale-silicate rocks nndifferentiated

£5§ Meti-quangles of vadous ages

8 Quariz veins

() Mylonie and blastomylonite

Bl Granite

5% ] '3}'&11'_\‘&. syenodicrite, diorite and metamor
LE3Baskc ignepus add meja-igneous récks, amph
£ Carbonatite :

| “%HK@WIQQ

" Figure 2-8 Geological Classificat



8800 €31 30 e wrw k2300 2T W oo NEDE EIB O 15 3 _£26°00 (28730 JE27 00 E27°30° JEaeeo ETE 3 J£20 00 LR CE3ROR E30° 30 REENCC RN 1 b v K2 & P 30O

830,

Zambia

soac

310700,

£330,

5117 00

LITRES

54200,

LRI

S3¥ A0

514700,

Sia’ 30'}

516 3,

St

B M

£,

517 50,
;

18 0D R H . e, TErv 30 Ereoo g’ A o e o N
"o any Ted o Lre 2y 23 00 EZY DO Erar o E29° 3¢ E30° €O £330 E31 GO FI 3> €32 0 FEEEYY ‘£33 00 ;533' 30

B3 3D B

858 00

5§ 30

59730

. 810 6o

.Sz

CET 000

R0

PR

L8120

U513 0

FEAR I

L8 0

L5147 30

¢ 8357007

.SIE'EO'

-1

L5107 3

Geelepic &
Al syanbals dabed wioe

— et A Thnut

- Suwegret’,

¥
e e Falign gy
f- Artickra® o
R : Syrcling av
. Do

Lianpiegio Sy o»

AT, coluvaom, Beerie

CNclahan Gronp with fosal soif dnozs

e Vs Kareos iZsnibe Valsy o Koaees

Ta Lewer Rurroe, un i Feroptoared

Ly
= Uiper Kurdd

- Reeplslunge s

= Cpees Koo - saepathee
\ 'l.<sl'vzr o sl corghnoate; b
1% -

o Prodindes
frremuhite faiios nwks (o

et veloamis

b s of various age
Ca'e-silears pocks on fferenttarad
Meteguartzees of various ages

2y QDuiriz veis

AN e 4 svesia ot

g2 Geaytr

LA NV, svenendopne erite ared e tane

31 kg

#tad mrefa Jgneons rothe an

i

FHIEN I FIN

o bl

Figure 2-8 Geologicnl Classilica



i _F?S’W _‘FQB’OW _F?B‘ 3w _i!_!TW . i_!_!‘t’ Erd %gza‘oo’ R {LZB' »r +52ﬁ’00’ __F!D‘ ¥ _F&D'W _{,{30' kol _i(j‘l'w “igar forg _FSZ'QQ’ __Fj.’!’ e d _%gaa'oo' _}_E}ﬂ' o i 535:'0‘;?

e

\bia
ogy

_‘I_SQ’OO' .
__,§9‘30‘

_’gn‘w'

_I_SKI‘W
_}_§1\"00’

_‘_sn':)@'

__}g;z*aof

_l_sm'ofr

e
"f sS40

’ __Pwao'

_igww ;

_P;s‘w .

R {gww

_I_s»w'so' .
_’_511‘0-0' '
“_sn‘w

w Javew Jare ave v oo fww v e Toror “or o0 Bevor s | ¥

H

‘igw'z'oo' '

]
. b
b

': Fi’gh re 2-8 Geologic
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Stratographic break,
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2.2.3 Hydrogeology

(1) Classification of Aquifers

From a hydrogeological view ﬁoim, the classification of geology of Zambia is simptified into
the following groups and component rocks, as shown in Table 2-16.

Table 2-16 Classification of Aquifers

Litho Stratigraphic Main Productivity of % of the Whole
: Unit Aquiler Lithology Groundwater Countsy (%)
"Cenozoic Aluvium Sand , Gravel Mediuni-High 119
Svper Group | Kalahar Sand Medium-High 238
" Karroo Upper Karroo .| Basalt | Low N 0.5
_Super e .| Sandstone Medium-High 4.5
Group Lower Karrod Mudstone - Low . 07 |
. : Kundelungu: Carbonate Rock . | High - _ 20
‘Katanga Undiffecential Shale - 1 Low 129
- Super . Kundelungu : b _
Group “Upper Réan _| Dolomite : High _ C 04
' Lower Roan ‘Quartzite, Dolomite | MediumJligh - 08
Mine Series | .Quartzite, Shale Low-Medium' 3.
Muva Super Group Shale _ Low . - R X
Basemeni Complex "1 Gneiss, Migmaites,|  Low-Medion _ aF
, i _ Schist. o :
Granite ' - Granite Low-Medium
Other Igneous Rocks Basic-Igoeous Low
N Y Mecta-Igneous o 5 o152
Melamorphic Rocks "Metasediment, Low
Metavolcanics .

iSource] H)drogcologlcal Map of Zambia (scale 1:1,500,000)
Groundwater Resources Inventory of Zambia (Chcnov 1978).

@ Types oquull‘er

_ ;'Groundwater oceurs in secondary developed features such as weathered zones joints,
. fractures, faults or solution features within consolidated hard rocks. The weathered zones

* usually form shaltow ‘aquifers which ar¢ shallower than 20m in depth. Fracture zones have

~ been developed under weathered zones and usually extend to around 30m-40m in depth and
ofen extend to more than 90m in depth. The thickness and permeabitity of aquifers are closely

related to the original rock lype The aqunfers in Lambta are classified into three types as
shown in Figure 2-9.

Amnfers where mtereranual groundwaler flow is dommani

The alluvial formations, Katahari Group and Karroo Group are included in this category. This
type of aquifer is distributed mainly in the western half of Zambia, in Western Provin¢e and
paris of North-Westem Province and Southern Province as shown in Figure 2.9, However, in
the eastern haif of Zambia, this aquifer is also distributed around Chambeshi river and lake

‘Bangweulu it Luapula and Nosthern Province and along Luangwa river in Eastern and

Nonhem Provmcc

2.6
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- Aquifers where gre v i _
The type of this aquifer is subdivided into fwo types.
Highly productive aquifers _
The Uppér Roan dolomite and Kundelungu limestone are included in this category.
. Limestone, dolomites and dolomitic-limestones are ofien the most productive aquifers -
in Zambia. This type of aquifer is distributed in Copperbelt, Lusaka, North-Western and
" Central Province, The area of distribution is limited and very narrow, but some large
- gities ate located around this type of aquifer. :

Locally productive aquifers

The Lower Roan Quartzite, Muva sediments, granites and undifferential Kundelungu
~ formations are-included in this category as locally productive. These aquifers are
- distributed targely in Northern, Luapula, Centeal, Noith-Western, and Copperbelt
- Province. T ' . o s

Low yiclding aquifers yith limited potential _ _
This calegory includes the major part of argillaceous formations, Karroo basalts and the older
Basement Complex. This type of aquifer is distributed in almost half of Eastern, Southern and
Lusaka Province, and parts of Northérn, Luapula, Ceniral, Copperbelt and North-Western
Province. . o _ - '
2.2.4 Land Use

Land use is divided into cight(8) catcgorics, namely Forest, Savanna, Grassland, Barcen,
Agriculture, Wetlands, Urban and Water. Land use map made by Satellite Imagery
Interpretation is shown in Figure 2-9. Land use of each province is shown in Table 2-17. -

_ Table 2-17 Land Use of Zanibia (km®) L
. Forest  Savanna G_rassland Barren Agriculture Wetlands Urban _ Water Tolal .

Lusaka = 5250 3,790 12261 14 255 . 255 173 97 22,094
Copperbelt 7,462 3951 . 18641 44 . 700. - 69 . 3k2 37 31,217
Centeal . 17,823 16,769 55093 . 65 - 2781 LM4 . 97 312 93,689
Norhwestern 21,838 26,801 . 75802 ~ 49 435 175 . 83 97 125,280
Western 13,345 18830 93689 486 . 279 312 25 318 122344
Southern 11,381 10,390 . 56,684 - 4 2624 1,086 108 2,721 - 85,199
Luapula 5931 10232 25447 - 52 451 2,606 91 4764 49,594
Northern . 17,644 47,547 74878 266 520 2,040 133 4,264 147,291
Eastérn 5022 12462 48103 29 3463 11 45 11 . 69,146

“Total 105,699 150,972 460,599 1,009 . 11,507 8379 1,065 12,621 = 751351

a9 ey _eh @ (D eh O (100

- Outline of Land Use in Zambia is as follows,

- _Eérest _

Forest areas occupy 14.1% of Zambia. Distribution area of forest is relatively large in
Northermn, Copperbelt and Lusaka Province where forests occupy 24% of each provinee. On

~ the contrary, distribution arca is just 7% in Bastern Province. In general, arca of the
© distribution is in proportion to annual rain fall. However, this trend does not always hold in

Zambia.



Savapna . .. . . R L R T S U ST E T U ST
Savanna arca is \\'idely_d_i_slribuicd and occupics 20.1% of Zambia, Distribution of savanna is
largest in Northemn Province and occupies 32% of the province. The smallest is 12 % in
Southern Province. Savanna area cxists between forest and grassland in clevation,

Grassland : g e R Co '
Grasstand arcas occupy 61,3% of Zambia and dre the most comimon land use in Zambia.
High distribution areas are Western provinee (75%), Southemn provinee (68%) and Eastern
province (70%). These province have less rain than other provinces. The istribution area of
grassland is mor¢ than 50% in all provinces and the lowest is $1% in Luapula Province.
Grasslands are distributed over most low ¢levation arcas especially along Luangwa and
Zambezi River.

Wetlands - R 2 . : S U T
Wetlands occupy 1.1% of Zambia. Large distribution area of wetlands are limited to Kafue
Floodplain, southern part of Lake Bangweuly, Lukanga swamp and southern part of Lake
Mweru. On the other hand, wetlands which are distributed along many rivers are usually
- small and narrow, Wetland distribution is zelatively lasge in Central Province (2%) , Lusaka

(196) and Northern (1%).

Water areas occupy 1.7% of Zambia. This category includes lakes like Lake Tanganyika,
Lake Mweru, Lake Mweru Wantipa, Lake Bangweulu, Lake Kariba and Lake Itezhi-Tezhi.
The distribution is the laigest in Luapula province where water occupies 10% of the
province. o

Barren _ _ ' '
Barren areas occupy only 0.1% of Zambia and distribution is very small and limited. A

relatively large barren area exists in the upper stream region of Luangwa River in Eastern

province and many small barren areas are scatteréd on the right side of Zambezi River in
Western province. - s : AR .

Agriculture ' S _ : -
Agriculture arcas occupy only 1.5% of Zambia. Most agricultufc areas are small and
scattered. In particular, agriculture is distributed along the main’ road and railway from
Livingstone to Coppeibelt. Therefore, ratio of agriculture arca is high in Southern Province,
Lusaka Province, Central Provinee and Copperbelt Province. Eastern Province also has a
refatively high ratio, On the other hand, small scale agriculture areas are distributed along the

road from Lusaka to Mongu, upper area of Zambezi River and parts of Northérn Provinee

and Luapula Province. Distribution of agriculture area does
satellite imagery intcrpretation map with scale of 1: 1,500,000, -

Urbanarea FEEE _ S

Urban arcas occupy 0.1% of Zambia. Most cities, municipalities and large townships are
clearly shown on the satellitc imagery interpretation map. However, small town ships and
villages are too small to appear on the satellite imagery Interpretation map with scale of 1:

1,500,000.

2-9 .
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2.3  Climate
2.3.1 General Climatic Conditions

For a land-locked tropical country, Zambia enjoys an enviably pleasant climate. Temperatures
are remarkably moderate and this is mainly due to the altitude. The rainfail is not heavy and
floods are rare. Winds are generally light and damage to life and property due to high winds is
practically unknown. Cases of tropicat cyclone storms from the Indian Ocean c¢rossing the
l:ast Coast of Africa and reachmg as far as Zambia are rare.

Over éambxa annual mean tempera:ure ranges from 19 3 °C 1024.5°C, and is 21.0 °C onan
average. The annual rainfall fanges from 700 mm in the extreme southwest to 1,400 mmin the
north, and is.1,001 mm on an average. Lusaka, the capital city of Zambia, is !oéated almost in
the centre of the country at an elevation of 1,280 metres above sea level (Lusaka City Alrpon).
"The mean daily maximum and minimum temperalure is 30.1°C in October and 9.1°C in July.
The mean annua! rainfall is 858 mm.. .

In general a year in Zambia can be divided into two distinct hatves; a dry half from May to
October and a wet half from November to April. However, from the synoptic point of view it
is more convement to dw:de a year into 4 unequal seasons as follows :

l) Winter season : June to August © 2) Pre-rainy s‘eason: : September to Oc'tober‘ :
3) Rainy season : November to March.  4) Post rainy season : April and May

The equatorial low and the lmer Tropical Convergence Zon¢ (ITCZ) move north and southin
the tropics, with the apparent movement of the sun in the different months of the year. The
positions of the ITCZ over Africa in July and January are shown in Figure 2-12. Whereas the
ITCZ in July is almost a straight ling extending from west to east at about 15° North, the ITCZ
in the month of January takes a "Z" shape with 2 curvatures ABC and DEF. One end AB is at
7° North and {he other end EF is at 17° South. Zambia is in the bead DE. It is this crooked
shape of the ITCZ in January ihal explams arid controls the rainfalt over Zambia,

300 s SR
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2.3.2 Network of Me;téorologieal Stations

Meteorotogical data in Zambia is observed, collected and archived mainly by the Department
of Meteorology (DOM), Ministry of Transport and Communication (MOTC) and is available
to the public. There are currently 36 stations forming the meteorological station network of
DOM. Such meteomlbglcal items as rainfall; temperature, relative humldlty, pressure, daily
weather, wind speed, sunshine hours, cloud ¢over and pan- evaporanon are observed at these
stations.” In' terms of rainfall only stations, there are 825 Tegistered voluntary stations,
operated by volunteers and various organisations. The fiumber of meteorological stations and
voluntary rainfall stations by the basin and the province is presented in Table 2-18. The
registered total stations aré numerous amounting to 861 stations but the operated number is
394 stations, only 46% of the total registered. The geographical information of the 36
metcorological stations are shown in Table 2-19 and the locauon of both meteorott)gncal and
voluntary stations are shown in anure 2-13: : .

Tab!e 2- 18 Nusiber of Metec'roh)glcal and Voluntary Stauons {

1.2

River Station | Meteoro- | Voluntary Meicoro- | Voluntary
Basin - - | Registered | - logital | Station |Total|  Province logical || Station - | Total
. . ‘ Station L Station . .
Zambezi 248 | 13 78 |  91]|Lusaka ; 3 L2 .M
Kafue 190 | T 109 | 116 Copperbelt 2 44 | 46
Luangwa 157 8 60 | 68| Centrat 4 4| 48
Chambeshi R 3 44 47| Northweslermn 5 23 | 28
Luapula 149 < 4 60 | 64| Western 5 24| 29
Lake Tanganyika 25 1 27 8| Southern 4 50 54
- S . Ce “+] Luaputa 3] 34| N
- : . . «| Northérmn L6 | 85 |.. 91
. - - » |: . :-|Eastera c 4 33| 37
Tolal, = . 851 36 | 358 | 394]Totat 16 358 1 394
: ~Table 2-19 Geographical Information of Mefcorological Stations
Province | Station | Altitud | Latitude | Longitud | Province [ Station | Altitud | Latitede | Longitud
" BLm) [ pee Min [ Dep  Min lEL.m) | Deg | Min | Deg | Min
Lusaka |LusakaCA.| 1,280] 15 25| 28 19| Southern | Choma 1,267] 361 s1| 27| 4
LusakalA.| 1,184| 15 19| 28 27 - | Rafue 918 15] 45| 27| 55
MtMakulu | 1,213] 15 33| 28 15 Livingstond ¢ 987] 7] 49| 25| 49
Copper- | Kafionda | 1,242 12 36| 28 7 Magoye 1,08 16] 8| 27| 38
belt | Ndola 1200] 13 0] 28 39| Luapula [ Kawamded 1,324 of 48] 20| s
Central | Kabwe 1,207 14 27| 28 28 | Mansa | n2se| 1|8 28] st
| Kabie 1,165 14 - 24| 28 3o © | Samfya - |- bam | 1] 2] 29| 2
Mumbwa 1218 14 39| 27 ° 4| Northem | Isoka L3I0 1o] 10| 32] a0}
Sereje | 1.3%4| 13 14| 30 13 | Kesama | 34| 0] 13 3| s|
Notth- - | Kabompo . | 1026 13 36| 24 12 o | Mbata Loz | &l s1| 31| 20
Western | Kasenpa 123s] 13 32| 25 % | Mfae sl s sl s
Mwinitengal 1362 11 45| 24 26 © | Misamfu | 1,336 0] 1] o3
Solwezi t3330 12 11| 2623 S Mpika | 402 1] s4] 31| 2
Zainbezi 1,0i8) 13 32| 23 7| Eastem [ Chipata Lo |13 33 32| 33
Western | Katabo tostf 14 s7| 22 42| tondazi | a3} 1) a7| 33 a2
Kaoma ISz} 14 48| 24 48 Msekera ‘1,025 13f 39| 32| »
Mongu LOSIE 15 151 23 9 Petauke Los6| 14t 15| 31].17
Senanga 1107 16 7| 23 16 T
Sesheke’ Cesi) 17 8| M 18
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2.3.3 Rainfall
(1) Annual Rainfall and Monthly Rainfali

Based on the daily ratnfall data, annual rainfall and annual number of rainy days for the 36
meteorological stations have been compl!ed and are summarised in Table 2-20. The 30 years
averages of annual rainfall and ramy days in the all meteorolagical stations are graphically
shown in thure 2-14. The annual rainy days are according to the annual rainfall. The figures
- of the annual rainy days are about one by ten of the annual rainfall figures. In terms of annual
rainfalt and annval rainy days at the provinces, Luapula Province has most annual rainfall,
" 1,259 mm and 123 days on an average, and Southern Provinee has least annual rainfall, 737
mm and 74 days on an average. The cily with the niost annual rainfall is Mwmilunga City in
Northwestern Province amounting to 1,402 mm and 142 days, and the least is Sesheke City in

Southern Province, amounting to 657 mm and 73 days. The Zambian averages ar¢ 1,001 mm

and 97 days.

. In addition, comparing the average annual rainfalls during the last 10 years and during the last
. 30 years, the last 10 years averages are less than the last 30 years avétage The former on an
~ Zambian average is less by 27 mm than the latter and is 97 % of the latter. Especially in
Luapula, Southern and Western Province, the last 10 years average annual ramfalls are 93-
95 % of the last 30 years average annual rainfall. :

ﬁ:x Anposl Rainfoland__ Ra:.{fsgx_ ~e-RainyDays | o
E1200 i : 1”20
Z 1000 100
E 0 | )
R @
5 400 { w0

200 2 I

0 o

EEFTITIRITE ;%igghggsag

Figure 2-14 Annual Rainfall and Ramy Days by Province

* The annual variation of monthly rainfalt and monthly rainy days in the ail mcteorologlcal :

stations have been c0mplled and these al the provmc:al capitals are shown in Figure 2-15.
From May to September in Zambia it scarcely rains and from November to March, monthly

 rainfall ranges from 100 mm to 250 mm, More than 90 % of annual rainfalt is concentrated in

the rainy season from November to March. The 8 % of the residual 10 % of annual rainfall
comes down on October and April, and the 2 % on September and May. There is definitely no
rain from June to August in Zambia. The three months from December to February have
about 65 % of annual rainfall. .

Isohyetal maps of annual rainfal! and monthly rainfall for Zambia were drawn based on the 36
meteorolog:cal stations with the 30 year period fromi October 1963 to September 1993 and
are shown in Figure 2-16 and Figure 2-17. Regional dlslnbutlon of annual ramf‘all and monthly
rainfall in Zambia are summarised as foliows :

2-34
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Annual Ramfaﬂ Dlslnbullon B

- In the west of lambla 1sohyetal lines are almost pacallel from west to east and annual
rainfall of the norlhemmosi area is abouﬂ 400 mm and the soulhemmost area is
about 700 nim,

- Inthe east of Zambia, 1sohyelal lines are inore comphcatcd The lrend that the north
. has much rain and the south has less is the same as the west side of Zambia. However
- annual rainfall of Eastern Provmce ranges fmm 900 mm to 1,000 mm even in the
- north of the province.

- Northern Province and Nonhweslem Provmce have most rainfall in Zambm and the

. annual rainfall ranges from'1,100 mm to 1,400 mm.

- S(}uthernmost area of Zambia, such as the area around Sesheke and Lmngstone is

‘the least rainfall area and its annual rainfall is under 700 mm.

Monthly Ralnfall Dlslnbutmn

- September passmg, it begms to fain'in the north area of Zambia and monthly rainfall
‘on October is 50 - 90 mm in these area. In the South area on October, monthly
* rainfall is Tess than the north, 20 - 40 mm. October ramf‘all is least around Lundazl in
Eastern Province, and is about 10 mm. '
- On November, monlh]y rainfall i is 120 - 210 mm in the north area and is 70 - 110 mm
*in the south area.
- In the core of rainy season on December, January and February, monlhly nsohye!al
~linetooks similar each other. Zambia coutd be divided into following four categories.
~The most rainfall area, Areéa 1, is the north of Copperbelt Provmce the south of
‘Luapula Province, the next, Area Y, is the riorthwest, northeast area and Ceatral
: ‘Province and Lusaka Province, then Area IH is around Eastern Province, the Jeast
~rainfall area, Area 1V, is the south area of Zambia. The monthly rainfali j in these area
- is as follows : : -

M’pmh cEeo o Aral o Areall - ' Arealll Arcalv:

“December 270 -300mm . 200-260mm 180 - 190 mm 140 - 190 mm
January = - 280-310mm - 210-270mm 300 - 230 ivm 150 - 200 mm
Fcbruary . - 240 mim ' 180 . 230 mm 180 - 2t0 mm 140 <170 mm

- On March the norih areastilthas 170 - 250 mm of month]y rainfall, but the south area
“is starfing to be tess rainfall area, amountmg 10 90 - 160 mm.
L. On Apnl momhly rainfall in the north area is also starting to be less, 50 120 mm,
 andis very little in the south area, amounting to 20 - 0 mm. May coming, dry season
 has started from the south area day by day to the north and finally rain stops in the
“whole Zamb:a at the beginning of June, and no rain until the end of August in
Zambia. _
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Table 2-20 Aunnrual Rainfall and Annual Rainy Days = -, . -
~ Unit: Rme RD: da)s

‘ o Average Annual A\c:ageAnnual Maximum Minimum
Provinde |Station Name] Altitude | *  Rainfall (RF) ‘Rainy Days RD) |- Annuidl Annual -
: : _ (EL.m) {10yrs. 20yrs. 303*!5 lOyts 20yrs. 30yrs RE _RD | RE RD
Lusaka Eusaka C.A. 1280 832 887 14 1366 . 112] 483 49
. tLhusaka LA, | 11541 3810 394 72 11299 - 109 530 49
M. Makulu 1213] ‘383 899 ‘n 1288 102] 69 43
-~ §Average 1216] 842 893 77] 1318 108| 527 48
Copperbelt JKafironda 1242] 12481282 106 ] 1748 139] 895 89
© {Ndola 1270] 1183 -1229. 109 1] : 1756, 136 439 79
o Average 1256] | 1256 108 1752-. 138] 661 84 @
Central ~ {Kabwe 1207 8 . 83] 1451 11| 619 59
Kabwe Agro. 1163 i} 1313 10| - 499 50
Mumbwa -~ |~ 1218] 873;: I 8401324 98| 438 60
Serénje . - 1384 C1100°- 11051 - 106 105 . 103 ~1585 - 151 708 66
Averape 1244 956 ™47 85 87 . 86| 1118 118| 566 59
Noith-  jKabompo 1026 1028 1016] 104 1o+ 105| 1338 25| 393 74
westesn  $Kasempa 1235 151 1131f 102 107 107] 1559 136| 654 76
"~ tMwinilunga 1362 1375 1402] 135 140 42| 1761 167 ]0-53 168
't Solweai - 1333 1330 1300fF 124 127 . ¥25] 1575 . 1i6|  98s 91
Zambezi - 1078 1045 1017f 110 112 1| 1346 136 M0 87
_ A\eragc I R V1) 1186 1173) 115 118 18| 1516 42| 799 87
Western  [Kalabo (*1) | - 1051} - 877 (ast 7 yis.) 95 {last 7 yrs.) 1084 104] o617 17
Kaoma <32 243 913 - 382 9 99 97| 1311 - t18| 240 71
Mongu | - 10s3| 85 . 1357 17| 332 43
Senanga - 1027] 987 97 463 64
Sesheke 951 1546 12| 379 48
0 |Average - 1046 1300 1114 366 57
Southern - |Choma 1267] . - 3{ 1187 ~ }16) 423 46
: |Kafuc Polder | 978 - 1192 - 106} . 460 44
Livingstone 987| 1402 103] 420 49
- |Magoye - 1018 ] 935 T6] 461 49
Average - 1063] - C1179 O 100F 441 47
Luapula . |Kawambwa S 1324] 1277 1349 1758 . 154] 865 114
Mansa -1259| 1125 1162 1573 131} 800 81
Samfya (*2) | - 1172| 1490 1445 s 2065 128| 937 79
. Average . 1292 IZO!TI256 1666 1431 8313 93
Northern | I5oka . 1360 { ‘1331 135] 876 83
Kasama . = 1384 ‘1888 . 146] 801 92
‘|Mbala - - 1672 145 148|469 54
Miuwe ;573 1062 - 89| 495 42
Misamfu C 1536 1751 1237] 1097 83
Mpika. 1302 1498, 1271| 644 N
Average 1321 1546 129 730 72
{Eastern | Chipala 1032 14717 115] 6% 70
. |Lundazi 1143 1413 - 120|495 &8
Msekera 1025 179 101 - 753 16
“|Petauke 1036 o8 _ 1381 © 120 597 M
Average 1059] ¢ N 93] 1362 14| 635 1
"~ Total Aveiage 1187 - - o -9 - 1432 0122 618 68
Remarks : B g
{*1),(*2) : These station are excluded in caICUlalmg the a\crage -

¥ . The data was calculated by using the record neac the station '
- Average period ! 10y1s.(1983/84-92/93), 20yrs.(1973/74-92/93); 30y15.(1963/64-92/93) _
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(2) Probable Annual Rainfall

Return period (probability of exceedance) of each annual rainfall is caloulated by using the
following four e€quations of order statistics : :

i

@i-1) i - | g |
W= ¢ Hazen (1930 W =— Thomas (1938
o 30 Wergly ¢ Thomas193%)
i203 » e o 1-031
W - - Chegodayov (1955) = W w— "~ Jankinson (1969
N+04 _ godayov ( . ) N+038 ( _)
Where, ¥ : probability of exceedance
. IR
T retumperod (T =—
returm period ( . ,W) .
i order from maximum or minimum
N sample size (number of observation years)

In these four equation, Hazen equation has the largest value under a same refurn period, the
second is Jankinson equation, the third is Chegodayov equation, and the Thomias equation has
the smallest value. The probable annual rainfalls at all the meteorological stations were
“calculated correspanding to many return periods. Maximum and minimum probable annual
rainfall with 10, 30, 50 and 100 yéar return period are shown in Table 2-21. These figures in
the table were estimated by using the Jankinson equation which had been adopted by WMO.

(3) Drought An.alysis

A drought is usvally considered to be a period in which the rainfall cqnsislénﬂy falls short of
the climatically expected amount, such that the natural vegetation does not - flourish and

agricultural crops fail. Low rainfalls more seriously affect water supplies for industey and

domestic purposes,

“The technique for the evaluation of drought from rainfall data” was proposed by Herbst in
1966 in South Africa. This method confines the definition of droughts specifically to periods
in which rainfall deficits were In excess of average deficits. Thus sequences of months with
extremely dry conditions are identified beyond the shortfalls in monthly rainfall amounts that
are normally experienced in some months of each year, ' . S

- The Herbst method was applied to the long-rainfall record at all the méteorological stations in
Zambia. The top ten droughts ranked according to their severity index are shown in Table
2-22. The droughi severity is the highest at Livingstone over the 107 month period from
January 1979 to November 1987, but the drought intensity is not so high comparing to the
others. The drought intensily is the highest at Mbala in Nosthern Province, and this high
intensily reflects the low percentage, 42%, of average rainfali for the 19 months during
drought. . ‘ ‘

The regional variations of droughts in Zambia were investigated by applying the Herbst
method to 24 meteorological stations with records from 1963/64 to 1992/93, Drought
severity is very high in the southwest area from Mongu to Livingstone, amounting to 80 < 160
and is also high near Lundazi, amounting to more than 100. On the centre belt of Zambia from
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Fable 2-21 Maxmmm and Mimmum Probable Annual Raml‘all
 Unit : mm

Ma\lmum Probablc Annual Rauﬂ‘all

Minimum Probable Annual Rainfalt

Province Station - " Relurn Period . Retutn Period .
_ Name | Syss. | 10yrs.30yrs. | Soyrs. | 100ys| Syes. | 10yus. | 30yrs. | 50yrs. | 100yws
Lustka  |Lusaka C.A. | 1,424 [ 1,729 [ 2,102 | 2,261 [ 2,653 ] 611 | s82 | 470 | 426 | 370
Lusaka LA, ] 3,456 | 1,763 | 2148 | 2,301 | 2,492 | e85 | s89 | 468 | 420 [ 361
M Makuls | 1,415 11,712 {2086 [ 2238 | 2419 | 650 | 547 | 419 | 368 | 304
Copperbelt |Kafironda . | 2,109 | 2,526 | 3,049 3,58 | 3,516 | 959 | 774 | 543 | 151 | 336
_ Ndoha 1,965 | 2,363 | 2.862 | 3,061 | 3308 | 956 | 827 | 665 | 600 [ 320
Central -~ |Kabwe . | 1,538 § 1,856 | 2,255 | 2414 [ 2,611 | 725 | 618 | 483 | 429 | 363
Kabwe Agio. | 1,556 11,900 12,332 | 2,504 [ 2,718 | 747 ) 668 | 569 | 530 { 481
Mambwa | 1,454 | 1772 2,072 | 2331 [ 2,829 | 681 | 895 | 488 | 458 | 392
. |Serenje 1878 | 2263 | 2,746 [ 2,938 | 3,197 801 | 7610 | 597 § s32 | 430
North-  |Kabompo . | 1,631 | 1,962 | 2368 | 2,524 [ 2,723 ] 761 | 621 | 446 | 376 | 289
westera |Kasempa | 1,838 | 2,197 [ 2,647 [ 2,827 | 3,049 | 871 | 7247 | 5390 | 466 | 314
" IMwinitunga | 2,198 | 2,614 3,138 13,346 | 3,604] 998 | 788 | 524 | 420 | 289
sotwezi | 2,038 [ 2416 | 2894 | 3,084 3321 | 922 | 722-| 470 | 370 | 246
Zaimbezi 1,676 1 2,004 | 2,415 [ 2,579 | 2782 | 776 | 633 | 455 | 383 | 295
Western  |Kalabo 1,518 {1,854 2275 [ 2493 {2,651 | 665 | s54 | @15 | 359 | 290
Kaoma 1483 | 1,791 2,078 2,332 [ 2,523 ) 729 | 642 | 533 | 490 | 436
Mongu 1,555 | 1,873 12273 12432 [ 2,629 | 768 | 676 | 559 | 513 } 455
* |Senanga [ 1,716 1,466 | 3,780 | 1,905 | 2060 | 574 | 488 | 382 |-339 } 286
" |Seshieke 1246 | 1,526 | 1877 [ 2016 [ 2,500 | 503 | 530 | 452 | 421 | 332
Southern - |Choma 1361 | 1,648 | 2,008 [ 2,051 [ 2,330 675 | 604 | 514 | 479 | 435
" |Kafue Potder | 1.280 | 1,547 | 1,882 | 2,015 | 2,081 | 608 | 523 | 417 | 375 | 322,
[Livingstone | 1,240 ] 1,514 | 1,857 | 1,994 | 2,164 | 597 | 535 | 456 | 425 | 386
. |Mageye 1,168 | 1,406 | 1,708 [ 1,824 [ 1,972 | 530 | 434 | 314 | 267 | 207
Luapula  [Kawambwa 2;096 2,483 | 2,969 3,162 13,402 | 939 § 721 | 448 | 339 | 204
Mansa . | 1,854 2,209 | 2,656 | 2,883 | 3,054{ 837 | 661 | 440 | 352 | 243
[sameyacery | 2,397 [ 2.889 3,507 ) 3,783 [ 4,059 | 1,112 | 933 | 708 [ 618 | 507
Nosthers - |Isoka 1,703 | 2,021{2,42012,578 } 2,776 | 722 | 527 | 282 | 185 | 64
Kasama 2,037 ] 2426 [ 2914 | 3,108 [ 3,399 | 938 | 752 | sio | 427 | 3i2
Mbala - | 1,972]2357| 281030323271 | 920 | 755 | 548 | 466 | 364
Mfusve 1348 | 1,624 | 1,969 | 2,107 {2,278 | 625 | 522 | 393 | 342 | 279
- [Misamfus 2,112 | 2,514 { 3,018 } 3,218 | 3,467 | 910 | 682 | 397 | 283 | 142
~ - |Mpixa - 1,685 | 2,08 | 2,451 2,620 | 2,831 | 802 | 680 | 527 466 | 3%0
Eastern. - [Chipata 1655 | 1,989 | 2,410 | 2577 [ 2,785 | 7190 | 673 | s2s | 467 | 394
¢ |Lundazi 1.490 | 1,805 [ 2,201 | 2358 | 2354 | 701 | 609 | 480 | 442 | 382
Msekera ] 1,595 [ 1,909 [ 2,308 | 2461 | 2685 697 | s42 | 348 | 271 | 17
|perauke | 1603 [ 1,930 [ 2,339 | 2,502 | 2,705 ] 767 | 657 | s17 | 462 | 393

243

' [Nole} The ca!cu!audn resu!ts ins the able are based on the Jankinson equation;




east to west, drought sevemyis middle, amounting to 60 - 80, and in the northward, drought
severity is low, amountmg to less than 60. Besides the Zambian average of the severest
droughts at each station during 1963!64 1992:’93 is obtained as follows :

- " Drought Duration o - 58 month
- Drought Intensity I Pic .
- Drought Severity : 1 687

Percentage of Mean Rainfall during Drought  :  78.2%

. Table 2-22 Ten Maximum Droughts in Zambia

No.iStation Name| Province |  Period | Duration| Intensity Se\enty . %of :
1 ' L C . Ftmonth)) MeanRam
‘1 :|Livingstone |Southerm [ 79/01-8711] 107 | 154 |~ 1653 1 814

1 2 |[Kasama Northern | 48/11-58/10] - 84| 164 13724 | 832

‘| 3 IMongu  |Western | 81/04-88/12 93 126 |- 11251 - 816

| 4 {Lundazi [Bastern | 69/0127/01} - 107 - 102 | 1086 | . 806
5 Mpika INorthem | 89/06-94/09 64 | . 154 87 1l. 135
6 [Kasempa  [NAvestern | 80/12-85/12] 61 - 1.40 85.7 | . 826

1.7 |Zambezi  [NAwestern |81/04-87/08| - 77 | 100 | 837 [ - 828
8 [Kabwe  [Centeal = | 86/11-92/10 72 113 | o816 | 07713

19 |Kasama  |Northera | 56/05-61/10| - 66 110 { 726 | 891

10 [Kafironda  |Copperbelt| 85/03-90712| 70 1.01 704 | 854

2.3.4 Temperatuve -

Annual mean temperature and the maximum and the minimum of monthly i me.an temperature

for the 36 meteorotogical stations were complled and aré shown in Table 2-23 and Figure 2- .

18. The average annval mean temperature in Zambia ranges from 19.3°C to 24.2 °C and the
Zambian average is 21.0 °C. Western Province is hottest, 22.1 °C on an- average, and
Copperbelt Province is coldest, 20.3 *C on an average. Northern Province is also very cold,
20.0°C on an average excludmg Mfuwe at the southernmost 6f Northém Province. July is the
coldest season and its minimum temperature is 3.6-12.0°C (8 1 °C on an average). September
and October (mam!y October) are the hottest season and its maximum temperature is 27.7-
36.5 °C (31.8 °C on an average). The hottest place in Zambia is Mfuwe and the maximum and
minimum temperature are 36.5 °C, 10.3 °C and the annual mean is 24.2 °C. One of the coldest
places in Zambia is Kafironda and the maxisaum and minimum temperalurc are 32.0°C, 3 6
°C and the annuval mean is 19 8 °C - :

AnsualMean 'I‘:mpera ture

B

Wcalcm -Sou:hem lm’pufa ' l'\'oﬁﬁ. i

BTN §§éi§é§

Temperature (°C)
5:;5-833&233{

'.Ndoll

:5

F:gure 2-18 Average Avinual Meéan 'I‘emperature at the MeteorOIOgncal Stat:ons
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Table 2-23 Average Amlual Mean Temperature,

Maxlmum and Minimum of Monthly Mean Tempcrature

\ ~(Unit ¢ C)
Province - | Station Namé Al_titude ~ Annual Momhly Maximun | Monthly Minimuom | (Max- Mm}
v o | @L.im}} - Méan - § Month Tcmp.- ‘Month | Temp.
Lusaka Lusaka C.A. | 1280 | 204 Oct. 300 . al R % T I 21 0
: Lusaka LA, | 1154 20.7 Oct. {316 | - b 23| M3
Mt. Makuiu 1213 209 Ot | 313 Jul. | .87 226
: _ Average - 20.7 - 3L0 - ] 84 226
Copperbelt  {Kafironda 1242 19.8 Oct. 320 Jul. 3.6 28.4
- |Ndola 1270 | 208 Oct. 314 Jul, 13 | 3a
o ‘ A\'egage . ._-'- - 203 - - 31.7 - Cow 5.7 - 261 -
Central _ |Kabwe | 1207.] - 207 - Ca. | 31t | Jb | 86 | 225
Kabwe Agro. | 1165 L - 209 | Oct. | 317} hl. | 73 ] 244
CiMumbwa | 218 1 206 | Ot |- 331 hl. 7.1 240
C|seienje . | 1384 | 194 Oct. 30.3 m. | 725 | 228
- |Average - - L2041 - ‘311 - | 76 | 234
North- Ikabonipo |- 1026 | 219 | “Sep. | 338 | . | 73 | 263
western  [Kasempa - | 11235 208 | Oct. 318 | Rl ] 67 7| 251
Muwinilunga 1362 20,1 | - Sep. 310 | Jl 6.5 245
Solwezi 1333 197 | Oct 305 | Jul 56 249
Zambezi 1078 217 Sep. 31.5 Jul 6.4 wiAl
_ Average - . 20.8 - 32.1 - 6.5 25.6
Westém Kalabo (*1) | 1051 -] Ot 338 | 97 24.1
R | €T sz | 2kd | O | 330 | Jal 58 212
. |Mongu 1053 27 Oct. | 337 | . 96 | 241
- |Senanga 1027. 227 Oct.. | 3371 Jul. ~ 8.1 250
|Sesheke 951 216 | Oct | 342 | Jul | 44 | 298
_ . |Avérage. - 22.1 -1 3w « 16 | 260
Southern . |Choma | 3267 | 193 | Oct. | 308 | Juh | 46 26.2 .
o - |Kafuc Polder | 978 | © 216 | Oct 328 o} 11 25.7
Livingstone 937 221 -} Ot 33.9 Jul’ | 64 215
Magoye 1018 213 Oct. 328 Jul. 69 | 259
Average . 21,1 - 326 - 6.3 26.3
|Luapula . [Kawambwa 1324 | 214 | Sep. | 305 | Jul 108 | 197
Mansa | 1259 208 | Ceb. | 312 | Tl 8.5 221
Samfya (*2) | 1i72 - Ot 30.0 Jul. 10.4 19.6 -
Average - - | - | 211 - - 30.6 - 9.9 2.7
Nodthern - |Isoka 1360 206 | Oct. 38| 9.9 : 2.6
: Kasama 1384 206 | Oct 309 | Jul 92 | 217
- |Mbala - 1672 | 193 | Ot | 277 Jul. 10.5 17.2
- [Mfuwve 5713 242 | Oct.: 36.5 Jul. 103 | 262
Misamfu ~ o [ 1336 | . 19.7 Oct. | 305 Jul. A 234
Mpika l402\ 19.9 Oct. 297 | Jub 2.0 20.7
_|Average . 20.7 -3 3| - 9.3 21.8
Fastern  |{Chipata 1032 223 | Ot 322 | Jul, 1s. 20.4
- ILundazi 1143 2208 | Okt ~30.9 Jul. 20§ 229
Msekera 1025 | 220 | Oct -| 3015 Jul. 10.7 20.8
|Petauke 1036 | o222 F Oct. | 324 | Juk 12,0 20.4
U lAverage o oot f 20800 N s ~10.6 21.1
- Tolal Avérage - 210 - 31.8 . 81 | 237

© Remarks : -

(*1,42)

: This station is excluded in calculating

245 -

the provincial average.



2.3.5 Evaporation and Evapot ransplratmn

Based on the dally pan-evaporahon annual and monlhly pan evaporahon for the 36
meteorologlca! stations were compiled. Also potential evapolranspiration was calcutated by
usitig the - revised Penman - equahon The -annual pan-evaporation and the ' potential
evapotransplraion ar¢ shown in Figure 2-19 and Table 2-24. Moreover an annual pan-
evaporation isopleth map and a potential annual evapotransplralu‘.m lsoplcth map have been
drawn and are shown in Figure 2:21. Based on these table and fi igures, reglonal dlslnbunon
and annual variation ar¢ summarised as folloWs .

Pa n-gvaporﬂllg ‘
The average annual pan- evaporalnon in Zambla ranges from 1 666 mm to 2, 8 I4 mm and lhe

Zambian average i5 2,061 mm. Annual pan—evaporahOn islow; 1,706 - 2 000 rim in the nartb,
and is very high in the east, 2,200 2,600 mm, and is average in the cenitie, the west and the
south. Copperbelt Province has the lowest annual pan: evaporazlon 1,865 mm on an average
and Eastern Province has the highest, 2,211 mm on an average. Monthly pan- evaporation is
high from August to November at 200 < 300 mm per month, and is low from December to July
at 100 - 200 mny per month. These figures indicate that evaporation is high in areas/momhs
with little ramfall and is low in areas!momhs wuh hlgher ramf‘all

Potenlial Evanolmnsniraﬁon ' _
" The average annual potential evapotranspxrahon in Zambia ranges f‘rOm I 394 m to 1,892
mm and the Zambian average is 1,574 mm. Areas with highest potenllal evapotranspiration

are the southwest of Zambia and the area along the Luangwa River near Mfuwe, amOUmmg to -

- 1,700-1,800 mm/year. Potential evapotranspiration in the central area of Zambia is 1,500-
1,600 mmfyear and in the northwest -and northeast is 1,400-1,500 mm/year. Potential
evapotranspiration is larger than precsp;lahOn in Zambia. Thls means that Zambia is in a

hydrological condition of precipitation deficit, which amounts to -100 mavyear to -1, 100_

mm/year, compared with potential evapolransplrahon
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Table 2-24 Annual Pan-evaporation and Annual Potentlal Evapotrans siration
Provirice Station : Pan- Potential Provincé Station Pan- Potential
: Name evaporation | - Evapo~ Name - | evaporation § .- Evapo-
: transpiration 1 transpiration
L : (mm) {mm) . “{mm) (mm)
Lusaka Lusaka C.A. - 1,533 - [Southeen - [Choma 1,902 1,322
: Lusaka LA 2,331 1,590 Kafue Polder 2,122 1,776 .
Mi. Makulu 2,104 1,591 Livingstone 2,166 1,745
© |Average 2,218 - 1,571 - IMagoye 1,991 1634
Copperbelt {Kafironda 1,892 1,407 _ -JAverage 2,045 1.669
7 INdola . 1,838 1,659 ILuaputa [Kawambwa 1,698 345
" |Average 1,865 1,530 ‘ iMansa 2231 - 1571 |
Central . [Kabwe 2,158 1,586 " |Samfya(* 1) 2,015 -
Kabwe Agro| 2,051 1,892 Average . 1,983 1.508
- [Mumbwa . 1,467  |Northern  |Isoka e 1,394
" |Setenje - 1,538 " {Kasama. 2018 1.518
)0 [AVerage 2,105 1,621 Mbala 1873 1,555
North- Kabompo 1,212 1,426 Miuwe . - 1.808
western . |Kasempa 1,847 1,455 Misamfu 1,829 1511
- |Mwinilunga |1 - 1,666 1,406 Mpika - 1,507
Solwezi -.2,080 1,485 Average 1,907 1,549
--|Zambezi 2,155 1,603 [Eastern Chipata 2,689 1.524
: Average 1,932 1,475 ‘{Lundazi - 1,188
. [Westean - |[Kalabo R - Msekeia 2024 | L5635
-1 |Kadma 1,845 1,513 7 Petauke 1,920 1,51
Mongu - 2,324 1,816 Averags 2,211 1,531
~ [Senanga 2814 | L3 | |
"|Sesheke - 2,215 I NIEE . 'Total Average 2,061 1,574
Average |- 2,300 1,705
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