
PRODUCTION OF AN AGRO-ECOLOGICAL ZONES MAP
OF NAMIBIA (first approximation)

PART I:  CONDENSED METHODOLOGY

E DE PAIJW , ME COETZEE

INTRODUCTION

This ar t ic le  is  a summary of  the methodology for  creat ing

an agro-ecological  zones map,  appl ied dur ing the Technical

Co-operation Project (TCP/NAM/6611) between the Food

and  Ag r i cu l t u re  Organ i za t i on  (FAO)  and  the  Namib ian

Min i s t r y  o f  Ag r i cu l t u re ,  Wa te r  and  Rura l  Deve lopmen t
( M A W R D ) .  T h i s  i s  a n  e d i t e d  e x t r a c t  l r o m  A G R O

ECOLOGTCAL ZONES OF NAMIBIA' First Approximation

Technical Report 1. TCP/NAM/6611 (A)' by E De Pauw'

Consul tant  Land Use Planner,  August  1996.  The intent ion

of  th is  ar t ic le  is  to  h ighl ight  methodological  s teps expla ined

in the Technical Report, for interested parties who do not

have the opportuni ty  or  t ime to read the or ig inal  repor t '

DEFINITION

In th is  s tudy,  agro-ecological  zones are considered to be

land ent i t ies that  are suf f ic ient ly  uni form in terms of  c l imat ic '

landform and soil features for broad planning objectives and

a re  un ique  by  t he  spec i f i c  comb ina t i ons  o f  t hese  l and

attributes.

The zones are fu l ly  descr ibed in terms of  thei r  component

at t r ibutes and can be easi ly  l inked to land use or  farming

system pat terns,  thereby forming a usefu l  f ramework to

a s s i s t  a g r i c u l t u r a l  d e v e l o p m e n t  p l a n n i n g ,  l a n d  u s e

T A B L E l : W E A T H E R S T A T | o N S U S E D F o R G R o w | N G P E R | o D A N A L Y S I S .

t-itituG r-ongitude nNtro"

-" South eus1 -I 
frtot

-18 .04  21  .28  1100 1951

19 .07  1200 1  961

harmontzat ion and envi ronmental  management.

METHODOLOGY

Mapping of  growing Per iod zones

The methodology of  growing per iod analys is  is  s imple in

pr inc ip le,  but  complex in  execut ion.  In  general ,  the growing
per iod is  the t ime dur ing a growing season when both a i r

temperature and soi l  moisture permi t  crop growth (FAO'

1983).  The length of  growing per iod is  formal ly  def ined as

the number of  days dur ing which precip i ta t ion exceeds hal f

the potent ia l  evapotranspi rat ion,  p lus the number of  days to

evapotranspire an assumed 100 mm (or less, if not available)

o f  wa te r  f r om excess  p rec ip i t a t i on .  The re  i s  a l so  a
prerequis i te  that  the average a i r  temperature dur ing the

whole oer iod must  exceed 6.5 "C.  (FAO'  1978).  Fur ther

deta i ls  of  the sc ient i f ic  background of  the method are

suppl ied in  Nachtergaele and De Pauw (1985) and De Pauw
(1  e8e) .

Records f rom 52 weather stations (Table 1), with long enough

records of monthly rainfall (Source: AgroMet Databank) and

ave rage  po ten t i a l  evapo - t ransp i ra t i on  (Sou rce :  FAO) ,

calculated according to the Penman-Monteith method, were

analyzed wi th a computer  programme developed by E de

Pauw (De Pauw, 1989)
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TABLE 1  (CONTINUED)
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For each stat ion the computer  programme generated a

growing per iod matr ix  that  conta ins the most  re levant

information for analyzing the growing period characteristics

at  each stat ion.  On the basis  of  these growing per iod

matr ixes a summary table was prepared and used for

grouping stat ions,  wi th suf f ic ient ly  s imi lar  at t r ibutes,  in to

z o n e s  w i t h  g r o w i n g  p e r i o d  c h a r a c t e r i s t i c s  t h a t  a r e

significantly different from other zones.

28

Eleven growing per iod zones were mapped on a 1:2 000
000 scale by manual  in terpolat ion between the posi t ions of
these 52 stations. The accuracy of the interpolation was
enhanced by a regression relationship between average
annual rainfall and average growing period (AGP = -20.64

+ 0.23459 RAIN; rp = 0.96). That meant that an additional
twelve stat ions,  which could not  be used in the or ig inal
analyses,  due to too shor t  or  patchy record lengths,  could
be assigned to particular growing periods (Table 2).
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TABLE 2: ADDITIONAL WEATHER STATIONS USED FOR INTERPOLATION.
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Mapping of agro-ecological zones

This study was basically a compilation of existing information
on  l and fo rms ,  so i l s  and  c l ima te ,  wh i ch  has  been  re -
interpreted for the mapping of agro-ecological zones at the
scale of 1:1 000 000. The steps in define agro-ecological
zones were:
. definit ion of zone boundaries;
. characterization of zones.

Def in i t ion of  zone boundar ies

Zone boundaries were based on a re-interpretation of the
FAO Land Type Map (FAO, 1984) overlaid with the Growing
Period Zones Map. The FAO Land Type Map was prepared
in 1984 by the FAO Remote Sensing Centre in Rome, under
FAO Project NAM/78/004, from LANDSAT images. (FAO,
1984; Travaglia & Schade, 1981) The results were a report
and two map sheets at  1:1 000 000 scale,  d iv id ing Namibia
into 4 Land Div is ions,  20 Land Provinces and 66 Land
Regions. Vegetation and land use were also indicated to
some extend.

The FAO Land Type Map suffers from some shortcomings:
. As no ground truthing was done, there are obvious

mistakes, which causes a lack of confidence;
.  the def in i t ions of  terms and c lasses are not

precise;
. there is mixing of terms related to land cover with

structural landforms and geology, causing a lack
of systematic description and confusing legend;

.  the map colour  scheme is  confusing;

. the map projection is not known, making it diff icult
to incorporate into a geographical information
sysrem.

Despite these flaws, the Land Type Map was sti l l  useful as
a star t ing point  for  the AEZ map,  as these terra in uni ts
defined by remote sensing show a good relationship with
agro-ecological zones.

The AEZ team, under guidance of Dr De Pauw, spent two
weeks in the field to check boundaries, to provide ground
truth. Further boundary checking was done by comparing
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the Land Type Map with the 421:,250 000 scale topographical
map sheets of Namibia (Director-General of Surveys, 1978).
These exercises resulted in the identif ication of 53 distinctly
different land systems, based on different landforms, soils
and geology.

The over lay ing procedure of  the Growing Per iod Zones
(GPZ) Map over the Land Systems (LS) Map was manual
and f lex ib le.  The boundar ies of  the GPZ Map,  based on
interpolation of 64 station points, are far less accurate than
those of the Land Systems Map, based on remote sensing.
Consequently, boundaries of the GPZ Map were stretched
to coincide with boundaries of the LS map, where possible.
Th i s  was  done  to  p reven t  mean ing less  bounda r i es .
Fu r the rmore ,  whe re  a  pa r t i cu la r  g row ing  pe r i od  zone
occupied only a very small portion of a land system, it was
mapped as an inclusion within the main growing period zone.

With these precautions, it was possible to differentiate 69
agro-ecological  zones on the basis  of  growing per iod
oatterns. landforms and soils.

Characterization of zones

The scale of this study l imited the differentiating components
to growing period patterns and land systems. At the 1:1
000 000 scale it was not realistic to further subdivide the
land systems, but the growing period pattern and soil pattern
were specified in each agro-ecological zone in terms of a
distribution, defined by:

. the dominant component, occupying more than
50 % of the AEZ;

. the associated components, each occupying 15
- 5O % o'f the AEZ;

. the included components, each occupying less
than 15 'k o'f the AEZ.

A  d o m i n a n t  c o m p o n e n t  i s  n o t  n e c e s s a r i l y  p r e s e n t .
Sometimes two or more comoonents form an association
wi thout  c lear  dominance of  one or  the other .  Inc luded
components, while occupying less land, are sometimes the
most interesting and cannot be ignored. These may, in fact,
be of higher agricultural potential, due to better soils or water
availabil itv.
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Land Systems

Land systems have been descr ibed in terms of  the fo l lowing

attributes:
.  broad landform;
.  SOTERT landform c lasses (FAO, 1993);
.  regional  s loPe c lasses;
.  a l t i tude range;
.  re l ie f  in tensi ty ;
.  dra inage pat tern;
.  geological  substrata;
.  SOTER geology codes.

. The broad landform provides an overall label for the
land system, e.g.  dunef ie ld,  h i l l ,  mounta in,  p la in,  pan,

etc.

. The regional slope class refers to the predominant

s lope range wi th in the land system. The fo l lowing

classes have been d is t inguished:
1 )  0 - 2  " k ,

2 )  > 2 - 5  % ,
3 )  > 5 - 8  " k ,

4 )  > B - 1 5  % ' ,
5 )  > 1 5 - 3 0  o k ;

6 )  > 3 0 - 6 0  % :
7) > 60 "k:

When a s ingle s lope c lass was insuf f ic ient  to  character ize a

land system in fu l l ,  both the mrnimum and maximum slope

ranges wi th in the system were speci f ied.  The scale of  the

study and the use of  1 :  250 000 scale topographical  maps,

lead to general izat ion that  could cause very mis leading

results. In f uture ref inements of the AEZ map at larger scale,

the 1:50 OO0 scale topographical  maps and a suf f ic ient ly

deta i led d ig i ta l  ter ra in model  in  a geographical  in format ion

system (GlS) wi l l  be used for  th is  act iv i ty .

. The general alt itude range was specified as detailed

as feasib le at  the par t icu lar  scale (1:250 000) and as

narrow as the particular land system allows for. This

may range f rom 3 m, for  the coasta l  sa l t  p la ins,  to

2000 m for  the rockv h i l ls  and mounta ins.

. The relative relief relers to the difference in alt itude
between locally adjacent higher and lower parts of

the Iand sur face,  normal ly  the in ter f luve crest  and

the val ley f loor .  The fo l lowing c lasses have been

dist inguished:
1)  < 10 m :  very low re lat ive re l ie f ;
2) 10 - 30 m : low relative relief;
3) 30 - 100 m : moderate relative relief ;
4)  100 -  300 m :  h igh re lat ive re l ie f ;
5) > 3OO m : very high relative relief'

. The drainage pattern describes the extent to which

drainage lines or ridge crests show linear orientation.
The following classes have been differentiated:

1)  no Preferred or ientat ion;
2)  weaklY or iented;
3)  s t ronglY or iented,  Paral le l ;
4) stronglY oriented, radial;
5) mature river system.

.  The geological  substrata were der ived f  rom the
Geological  Map of  Namibia (Geological  Survey of
Namibia,  1980;  Geological  Survey of  Namibia,  1982)
at  a scale of  1:1 000 000.  Fai r ly  deta i led st rat igraphy
has  been  summar i zed  i n to  gene ra l  s t ra t i g raph i c /
l i tho logical  labels.

.  The SOTER l i tho logical  codes (FAO, 1993),  a
standardized way to c lass i fy  geological  substrata,
prov ide a more deta i led assessment  of  the l i tho logy
of  land systems.  In th is  s tudy,  SOTER l i tho logical
codes have been specified up to the third level.

Soils

lnformat ion on the soi ls  of  Namibia was too scanty to use
soi l  types in  the basic  del ineat ion of  agro-ecological  zones

in th is  s tudy.  In  future,  reconnaissance and semi-deta i led
soil surveys of the country wil l enable the AEZ team to use

soi ls  as one of  the basic  d i f ferent ia t ing components for

drawing up larger  scale AEZ maps For  th is  s tudy,  var ious
l i terature sources,  aer ia l  photograph interpretat ion and
l imi ted f ie ldwork were appl ied to g ive an overal l  v iew of  so i l
pat terns.  This s tudy was not  a soi l  mapping exerc ise and,

consequent ly ,  cannot  establ ish the re lat ive importance of
the described patterns and tYPes.

Soi ls  have been descr ibed in terms of  the Revised Legend
forthe FAO-UNESCO Soil Map of the World (FAO-UNESCO,
1990),  which was found to be appropr iate for  the scale of
the study.

SUMMARY

The aim of  th is  ar t ic le  was to in t roduce,  in  very general

terms, the methodology applied to produce the first draft of

a 1 :1 000 0OO scale Agro-ecological  Zones Map of  Namibia,
to be used for  nat ional  and regional  p lanning '  For  fur ther
information, the reader is referred to the l ist of References.

The results of the study are discussed in PRODUCTION
OF AN AGRO-ECOLOGICAL ZONES MAP OF NAMIBIA
(first approximation); PART Il: RESULTS, also in this issue

of  the Agr ico la.
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level .
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