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ABSTRACT

A vegetation survey project, with the aim of updating the 1971
Giess Vegetation Map of Namibia, was started in the south-
eastern part of the country. One of the most important factors
in f l uenc ing  the  compos i t i on ,  dens i t y  and  d i s t r i bu t i on  o f
vegetation, is rainfall. The magnitude and spatial distribution
of precipitation can be shown using an isohyetal rainfall map.

A new map based on all rainfall data collected up to and
inc luding the 1995/96 ra infa l l  season,  was drawn up for  the
survey area.  l t  was compared wi th the Nat ional  lsohyeta l
Rainfa l l  Map,  drawn up in 1992,  and the general  t rends were
found to be the same. However, the new map clearly showed
the higher rainfall phenomena in the Klein and Groot Karas
Mountains.

The new isohyeta l  map,  d ig i ta l ly  over la id on the sate l l i te
imagery for the same area, and used in conjunction with the
field data, wil l serve as a useful aid for interpretation of the
vegetation status.

INTRODUCTION

The Vegetation Survey Project was init iated as part of the
Agro-ecological  Zoning Program, in  order  to update and
improve on the '1971 Vegetation Map of Namibia (Giess, 1971 ;
Strohbach, ' l  997). The survey (field data collection on the
ground) was started in the Karas and Hardap Regions during
the 1997 growing season,  February to Apr i l .  The May 1997
satell i te imagery for these regions was subsequently acquired
as an aid to describing and mapping the vegetation.

From an ecological perspective, one of the most important
determinants of vegetation is precipitation. lt is thus important
not only to note plant communities in terms of composition,
densi ty  and d is t r ibut ion,  but  a lso to focus on pat terns of
precipitation in time and space, i.e. magnitude of rain (how
much),  spat ia l  d is t r ibut ion of  ra in (where) ,  and seasonal
distribution of rain (when). While annual rainfall in Namibia varies
greatly around the mean, the"mean annual precipitation" (MAP)
for a point is nevertheless a very useful way to describe the
magnitude and spatial distribution of rainfall.

Wi th th is  in  mind,  i t  was decided to draw up an accurate
isohyetal map of mean annual precipitation for the survey area,
using the most recent available rainfall data.

RAINFALL

L Definit ion and Measurement

Rainfall is the amount of water fall ing as rain over the area in
a given time, and is measured in mm of depth in an instrument
into which the water falls (Coll ins Dictionary).

Rainfall is measured using rainfall recorders or simple storage
rain gauges.  The gauges vary in  capaci ty  depending on
whether they are daily, weekly or monthly-read. The general
sample period is a day, and most rainfall measurements are
the accumulated depths of water caught in a simple storage
gauge over 24 hours (Shaw, 1994).

l l. Rainfall Data

Although a National lsohyetal Map for Namibia exists, having
been drawn up fairly recently (Department of Water Affairs
1992), an additional f ive years of data now exist. Thus, for the
purpose of the vegetation survey in the south-eastern portion
of Namibia, it was decided to draw up an updated, revised
isohyetal map for the area between 24" - 29" S and 1 7' - 20" E.
Rainfa l l  is  measured on behal f  o f  the Namibia Meteorological
Service on farms, at Mission stations and other locations.
There are a total of 159 rainfall stations (open and closed) in
this area, of which 116 have records of 15 years or longer.

Previous studies have shown that at least 15 years of data
are required to provide a statistically acceptable estimate of
the MAP. Since the 1992 National lsohyetal Map was drawn
up, approximately 275 additional station-years of data have
become avai lable (up to and inc luding '1  995/96 season),
inc luding a number of  newer stat ions which would have fa i led
the fifteen year criteria in 1992. The implication is that not
only were more station-years of data available, but also an
improved spatial distribution of stations. A l ist of the stations
for the south-eastern area, their geographical positions, length
of records, and MAP is provided in Table 1.

AGRICOLA2OOO



0310/222 TAFELKOPPE
03111449 HARIB

0349/158 BLINK00G
0349/238 KUBUB OST

0417/405 KoNKIEP

04171551 KOSIS

0418/310 HOSTYN
0418/503 DAGBREEK
0418/529 SEEHEII\.4

0491/006 HUAt\rS
0491/212 KUTEB

0491/357 ALSUIVA

0528/754 NARRNKRANZ 25 4

0494/252 KoNoWA
0495/267 KOES
0495/534 GRAESTEIN

0528/899 ANEIS
0529/034 RIETKUIL
0529/088 MB|AS SUID
0529/209 GELWATER
0529/428 GTBEoN
0529/449 FAHLGMS

0529/807 ASAB
0530/169 DAUTSCHAS
0530/189 NORONAUB
O53Oi 196 GARICHANAB

0531/037 LANGERFELD

0531/207 ASANTB
0531/224 GALLOWAY
0531/246 Z0NDERLOOP
0531/492 A|\,4ADAB

0531/849 GRAUWATER
0532/173 EINDPML
0532/842 RtEt\.4PtE
0567/035 SANDHOF
0567/57'1 NABABIS

0613/155 MENTIN

0613/158 GUNCHAE
0613/375 KAIVEELBAUM

0614/188 AMNOS
0614/406 oMRAH

oeg mln

0276t012 NOORDoEWER 28 42

a277t413 HMKIESDooRN 28 53

0278/302 ALURIESFONTEIN 28 32

0279/304 VELLooR 28 34

deg min opened Closed
17 31 1972tA4101 1984114131

18 14 1973/09/01 1977/09/30
18 41 1970/11/01 1991/10/31
19 11 1972104141
17 38 1972104/01 1985/09/30

18 15 1972104101 1987109101

18 29 1954103101 1970107t31
18 33 1930/02/01 1966/02/28

18 38 1980/08/01
18 44 1953/08/01
18 44 1898/01/01
18 45 1923101101
'18 56 1958/08/01 1990/06/30
19 16 1929/10/01 1975/03/31
19 32 1913t07101
19 47 1953/05/01
19 50 1927102101
17 30 1967/06/01
17 49 1952102101 19il145131

18 5 1953111101 1974102128

18 18 1921107101
18 37 1972lUlA1 198/�110131
18 38 1937/11/01 1956/10/31

18 38 1939/03/01 1963/03/31

18 58 1939i01/01 1981/03/31

19 3 1952102101

19 6 1537h1101
19 8 1953/09/01 1978/03/31

19 19 1952102101 1961111130

19 22 1950112101 1974141131
19 34 1952t04t01
19 36 1950112141
19 42 1921112101
19 49 1950/06/01
17 16 1929/01/01 1940/03/31
17 51 1953/08/01 1988/03/01

17 53 1954/10/01 1968/08i31
18 1 1952/02/01 1968/05/31

1B 31 1935/03/01 1993/12l31
18 44 1956/06/01
18 46 198/�104101
18 57 1947109101 1978112131

18 59 1929103101
19 8 1953/08/01
'19 'rB 1952/03/01
19 33 1932/09/01 1973/05/31

17 14 1952i01/01 1983/06/30

17 19 1980/07/01
17 32 1552t03101 1967110131

17 41 1932101101 1974111130

17 47 1976/03/01 1981/06/30
17 48 1931/01/01 1989/03/31

18 7 1970/05/01
18 7 1948/'10/01 1970/04/30
18 8 1898/02/0'1
18 23 1952102101 1980112131

18 35 1925102t01 19621A8131

18 38 1950/02/01 1986/11/30

19 21 1952103101 1977107131
19 24 1927/10/01 1989/04/30

19 29 1980/05/01
19 32 1920110101 1971104130
19 39 1912112101
19 48 1927109t01
19 58 1952/04/01 1980/09/30

17 10 1899/05/01

18 1 1914/06/01
18 10 1953/0ri/01 1968/03/31
18 15 1951/03/01 1976/02/29

18 27 1913110101 1932112131
18 54 1913/07/01 1938/01/31
19 22 1952/06/01
19 29 1950/11/01 1961/07/31

17 1 1913107101 1947104130

17 8 19221Q2101

17 12 1950/06/01
17 36 1929/03/01 1964/10/31

19 37 1922111t01 1936110131

17 45 1928101101 1940107131
17 47 1927t07t01
18 8 1927t10t01

NUIVBER STATION NAIVE

deg mln

0493/822 KLEIN DABERAS 25 42

Date Station

Opened Closed
1987/03/01
1957101101 1914107t31
1950/10/01
1937/05/01
1987/01/01 1991/08/31
1952t41t01 1967t05t31
1925/06/01 1939/05/3'1
1986/01/01 109.0
1957t02t01 1967t08131
1898/07/01 1993/12l31
1942107t01 1964t10t31
1936/01/01
1953/06/01 1966/03/31
1952/01/01 1965/06/30
1953/07/01 1968/01/31
1986101t01 1994t12t31
1952103t01 1969t02128
1955/11/01 1990/12l31
1927/06/01 1983/11/30
1950/12l01 1973/08/31
1968/06/01 1979/02/28
1949/05/01 1974/10/31
1915/09/01 1954/12l31
1929/08/01 1965/01/31
1966/01/01 1988/04/30
1931112t01
1982/03/01 1991/06/30
1913/07/01 1978/03/31
1929/09/01 1943/03/31
1913t07t01 1979t02t28
'1918/02/01

1951/02/01 1973/03/31
1950/11i01
1950/07/01 1964/08/31
1913/07/01 1937/06/30
1983/12l01 1985/10/31
1974t01101
1948t11t01
1984/03/01 1986/01/31
1986/05/01
1950/11/01 1978/04/30
1982104t41
1992101101

Table 1. Rainfall stations in the south-eastern part of Namibia

P0srTtoN
NU[,4BER STATION NAI\,IE LAt S LON E Date Staton l\,1A.P YEARS

0459/200 KtRlts osT
0492/426 LICHTENFELS
0492/509 BERSEBA
0493/233 TSES

n

(mm)
68.3 12.5
64.3 2.7
84.0  21 .0
03.8 24.8
47.9 1 3.5
88.5 15 4
38.0 14.4
99.2 34.5
87.9  16 .1

114.5 43.3

91.0 81.7
121.1 74.0
119.7 287
98 8 39.2

118.4 77.0
1332 42.8
123.3 68.7
41.7 22.3
76.5 8.9

99.8  19 .6
112.7 52.4
195.7  12 .8
115.8  16 .1
115.6  18 .9
159.3 35.3
145 3 44.9
163.1 54.2
134.1 21.8
150.0 9.7
102.1 18 I
122.6 40.6
147.1 44.9
152.0 62.9
'140.6 45.9
122.3  10 .8
105.3 34.4
73.5  13  8

114 5 13.5
141.9  59 .1
192.0 37.8
174.6 6.3
154.6  31 .3
195.2 52.6
197.5 42.3
152.7 41.1
149.3 35.8
107.9 28 5
96.0 15.8

98 I 15.6
130.3  37 .5
91.7 5.3

110.9 37.7
165.3 26.0
150.1 21.6
147.2 86.2
188.4 28.9
157.6 30.1
122.8 36 2
187.5 25.3
144.6 53.?
133.0  13 .9
175.7 37.4
173.5  68 .8
168.2 68.9
157 0 25.3
115.5  95 .7
158 5  76 .0
158 0  14 .5
180.7 23.2
157.3  16 .0
149.4 22.5
176.3 41.2
157.6  10  0
188.5  31 .6
189.3 60.4
173.6 42.5
169.6 35.2
172.4 12.5
177.8 12.3
138.2 56.2
127.1  64 .0

Rainfall data kindly provided by Surface Water Dala Management Section, Hydrology
Division. Deoartment of Water Affairs, Windhoek

28 12
28 29 25 29

2 5 4
25 28
25 29
2 5 8
25 29

5 2 7
25 19
2 5 9
25 16

2 5 7
25 27
25 14
2 5 6
25 12

2 5 9
25 23
2 5 2
24 35
24 31

2 4 5
2 4 8
24 15

deg mrn
18 28
18 39
1 9  9
1 9  1 8
17 26
17 30
17 32
17 33
17 37
17 45
17 45
17 46
17 57
'18 6
1 8 7
1 8  7
1 8  2 1
18 24
18 32
1B 37
18 38
18 39
18 47
18 51
18 59
1 9 6
19 29
1 7 2
17 20
17 25
17 34
17 40
1 7  4 1
17 41
17 52
17 55
17 56
17 58
17 58
1 8  8
1 8  1 0
1 8  1 8

26 42
25 57
2 5 5 /

POStTt0N
Lat S Lon E I\,4.A.P YEARS

(mm)
126.5 5.2
250.3 9.2
158.0 45.3
161.2 59.3
106.3  1 .8
166.7  15 .4
181.6 13.2
10.7

1442 10 .6
167.2 78.5
46.5 20.8

174.8 51.7
170.2 10 3
165.7  13 .3
174.8 14.6
1 3 9 9  5 6
160.1  17 .0
170.0 34.9
193.9 48.9
171.7 22.8
247.4 9.2
172.2 18.8
154.2 12.0
192 0 35.4
217.1 20.9
178.2 59.8
217.4  9 .3
213.9 62.9
190.0  12 .2
212.4 63 I
194.4 56.6
198.0  22 .1
195.3 41.7
179.1 14.1
1 8 9  1  1 1 . 3
66.4  1 .7

225.1 14.9
194.3 47.0

95.1  1 .6
134.8 10.7
201.0  27 .5
181.1 14.8
131.1 5.0
199.5 41.3
186.3  13 .5
244.0 34.7
190.6 47.5
169.5 12.7
182.5 53.0
232.9 35.7
224.2 9.5
234 6 22.4
1 9 1 . 9  1 6 . 8
260.2 13.8
184.2 64 5
190.2 12.8
162.7 40.6
200.9 27.6
179.7 27.8
180.7 55.2
258.1 22.1
225.3 43.2
208.4 44.4
190.5 62.2
198.9 36.8
195.6 56.4
232.4 21.2
189.3 12.7
216.9  55 .3
222.9 44.4
206.7 47.6
186.5 44.5
239.3 17.2
218 6  30 .2
252.4 17.4
236.4 40.1
247.9 11.6

197.1 17.2

0311/868 AUROS 28 28

0312/064 DRETHUK 28 4
2 8 6
2 8 7
28 27
2 8 2
28 29

0313/457A HAMoB 28

0314/032 NAMASVREDE.NEIMCHABIS 28

0314t482 UMIVAS 28

0314/577 ARIAIVSVLEI 28

0345/896 At-ArS 27 56

0346/549 KARIOS 27 39

0347/124 KLEIN KAMS 27 34

03121216 DREIHUK

0312/397 NARUCHAS
0312/417 WARI\IBAD
0312/422 KAMSBURG

0312,?79 KHA|S SUID

0347/527 BLANKSDAI\,4

0348/183 GENADENDAL
03481231 KANUS
0348/233 PLANKIESKOP

0529/452 GIBEON RESERVMT 25 2

0530/623 |\.4oRGENROOD 25 23

0530/700 WEIVERDIEND 25 10

27 47
27 33
27 51
27 53

27 38
27 58

2 7 7
27 12
27 26
2 7 8
27 23

27 24
27 12
27 23

0531/618 PERSIP 25 18

0348/8,19 DUURDRIFT NOORD 27 39

0349/082 NorBrS 27 52

0381/457 GETGoAB
0382/612 OASE
0382/686 STAI\,4PRlVlER
0383/008 GABASIS OST

0384/023 NOACHABEB

0384/804 NUKOIS
0384/852 NAOS
0385/233 HANGAS

0384/408 RISHoN 27 18

0384/459 PIETERSKLooF 27 I

0349/548 FETTKLUFT NORD 27 38

0349/657 SPRINGPUTZ 27 57

0350/113 NABAS 27 53

0350/151 N|M|\4ERRUST 27 31

0350/350 SWARTKOP 27 50

O35O/542 DAVIGNAB SUID 27 32

0567/738 VoIGTSGRUND 24 48

0568/095 HARTBES 24 35

0568/284 GAISAB S 24 44

0568/307 DASSIEFONTEIN 24 37

0568/324 RoSENHOF 24 54

0569/228 KALKPAN
05691271 KOUWATER
0569/539 LoUISENHOF
0569/837 TANTANA
0570/088 KARMM
O57O/166 HERBERT
O57O/186 KLEINHUETTE
0570/531 GoCHAS

0570/637 DUINEVELD
0571/078 TOGGEVIND

0572/623 SKE|\.4ERHOEK
0572/712 WTTGRAS
0610/592 AUROS

24 37
24 48
24 53
24 52
24 22

0611/153 KALKMND
0611t287 BtSlP00RT
0611/630 HARDAP

06111823 TWiLTGHT
0612/423 LTDFONTETN
0612/502 HOFMEYR
0612/733 E|RUP
0612t771 STA|\,4PRIET
0612/818 ROHRBECK

2 4 3
24 17
24 3A
24 13
2 4 3
24 22
24 13
24 21
2 4 8

0568/646 oMB 24 46

0568/736 OMB (OPSTAL) 24 46

0568/752 HARDAP PROEFPLMS 24 32

0568/817 I\,4ARIENTAL 24 37

0568/829 oM8-BUITEPOS 24 49
24 48
24 31
24 59

24 58
24 46
24 36
24 51

0570/571 NEULAND 24 31

0570/628 HARUCHAS SU1D 24 58

18 33 1949103101 1991112131
18 36 1952/03/01 1966/04/30
18 37 1960/05/01
18 48 1948/10/01
18 50 1984/05/01
18 51 1919/12l01 1973/06/30

18 52 1948/09/01 1984/04/30

19 3 1950/11/01 1960/04/30
19 51 1968i10/01
19 54 1974t07t01
17 20 1919/07/01 1934/03/31

17 30 1929141101
17 35 1939/01i01 1951/10/31

17 36 1952101141
17 40 1960/03/01 1987/09/30

17 52 1914t01101
17 58 1938/01/01
18 15 1952101101 1974143131
18 17 1948/10/01
18 25 1922t01t01 1985108131

18 26 1926/03/01
18 28 1959/02/01
18 30 1939/01/01
18 36 1952111101 1974103131

18 36 1923/02/01 1936/03/31
18 43 1927t07101 1982111130
19 1 1929/03/01 1975/10/31

19 7 1948/09/01
19 14 1952t43101
19 29 1961/05/01 1978/06/30
19 31 1965/09/01
19 34 1970t10t01 1988102129

19 53 1953/05/01
19 57 1956103t01 1974102128

19 58 1954/09/01 1973/03/31

0385/516 WAR|\,IFONTEIN 27 6

0386/068 TMNENTAL OOS 27 8

O418/058 VOGELSTMUSSKLUFT 26 58

26 45
26 41

26 40
26 53
26 49

0419h82 KEETMANSHOOPLUGI]AWE 26 32

0419/184 KEETMANSHOOPAIRPORT 26 34

0419/215 KEETMANSHOOP DORP 26 35 0610/884 KUB-SUID 24 14

0611/146 ZAI4NARTB 0ST 24 260419/665 ETSENSTEIN
O42O/146 NARUBIS

O42O/214 STAMPRIET
0421/629 ENOS
0421/696 SALZTAL
A4211846 HOLZHAUSEN
04221032 BLUMTAL
0422t257 AROAB
04221538 LOUWSVLEI
04221823 ERFDEEL
0454/270 BETHANIEN

0456/027 GELLAP OST

26 35
26 56
2 6 3 /
26 59
26 36
26 36
26 32
26 47
26 58
26 43
26 00
26 27

0612/897 WITKMNS 24 27

0456/284t TSAWISIS 26 14

0456/449 GARTGANUS 26 29

0456/795 BLAUKEHL SUED 26 15

0457/715 GARINAIS 26 25

0458/639 |\,4oRGENSON SUID 26 I

0458/8M WILDHEIMWES 26 24

0614/002 NAEUS.VOGELWEIDE 24 2
2 4 8
24 16

0614/845 LEKKERWATER 24 5

0615/021 TOEVLUG 24 21

0615/097 LoRETTE 24 7

0615/667 GoEDEHooP 24 7

0615/781 BoESMANSTAD 24 1

0615/824 U|TSPAN 24 14
0492/153 ACHTERFONTEIN 26 33

26 20
26 36
25 59
25 53

25 36
25 32
25 57
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11. lsohyetal Map Compilation

The positions of all the rainfall stations were plotted, together
with their MAP values at a scale of 1:1 000 000. Those with
less than 15 years of record were ignored in almost all cases.
Only where a particular area was devoid of other rain gauges,
was the record taken into consideration.

The lines of equal mean annual precipitation (isohyets) were
manually f itted using trial and error, and interpolation. The
frequently conflicting MAP values for stations often quite close
to each other, makes the use of standard computer contour-
drawing packages inappropriate. Consideration of factors
known to influence quantity and spatial distribution, such as
topography, can be taken into account when interpolating
manually. The resultant map is shown at a reduced scale in
Figure 1.

Figure 1. lsohytal rainfall map for the south-eastern part of Namibia.

RESULTS AND DISCUSSION

The derived isohyetal map shows a trend over the area, which
fits in with existing knowledge of rainfall patterns in southern

Namibia.  In  general ,  the new map does not  show major
differences with the 1992 map, except for the area around the
Klein and Groot Karas Mountains. Here, the new isohyets
support the known higher rainfall phenomena associated with
that area.

Table 2 compares the MAP values of the new isohyetal map
to that of the 1992 isohyetal map for a selection of localit ies.
Of the selected localit ies, the values differ significantly only
for the Warmbad area. This can be attributed to the fact that
data for Noordoewer and other stations, not formerly available,
have resulted in a shift of isohvets in this area.

The new isohyetal map has been digitised, and can be overlaid
on the May 'l 997 satellite imagery of the south-eastern area,
as an aid to visual interpretation of the vegetation status, in
conjunction with the field data.

fade 2. Comparison between the new isohyetal map of south-eastern
Namibia and the 1992 mao

Locality New lsohyetal Map value
(mm)

1992 National Map value
{mm)

Karasburg
Keetmanshoop
Mariental
Warmbad
Noordoewer
Maltahod
Stampriet

110 -120
140 - 150
190 -200
90 - 100
5 0 -  6 0

180 - 190
210 -220

110 - 120
140 - 150
190 - 200
7 0 -  8 0

< 5 0
170 - 180
210 - 220
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