
HAL Id: hal-01143139
https://hal.science/hal-01143139

Submitted on 21 Apr 2015

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Economic impact of climate change and benefit of
adaptations for maize production: Case from Namibia,

Zambezi region
M.Y. Teweldemedhin, W. Durand, O. Crespo, Y.G. Beletse, C. Nhemachena

To cite this version:
M.Y. Teweldemedhin, W. Durand, O. Crespo, Y.G. Beletse, C. Nhemachena. Economic impact of
climate change and benefit of adaptations for maize production: Case from Namibia, Zambezi region.
Journal of Development and Agricultural Economics, 2015, 7 (2), pp.61-71. �10.5897/JDAE2014.0605�.
�hal-01143139�

https://hal.science/hal-01143139
https://hal.archives-ouvertes.fr


 

 

 

 
Vol. 7(2), pp. 61-71, February, 2015  

DOI: 10.5897/JDAE2014.0605 

Article Number:9D9232649833 

ISSN 2006-9774  

Copyright ©2015 

Author(s) retain the copyright of this article 

http://www.academicjournals.org/JDAE 

Journal of Development and Agricultural 
Economics 

 
 
 
 
 

Full Length Research Paper 
 

Economic impact of climate change and benefit of 
adaptations for maize production: Case from Namibia, 

Zambezi region 
 

Teweldemedhin M. Y.*, Durand W., Crespo O., Beletse Y. G. and Nhemachena C. 
 

Department of Natural Resources and Agricultural Sciences, School of Natural Resources and Spatial Sciences, 
Polytechnic of Namibia, Windhoek, Namibia. 

 
Received 9 September, 2014; Accepted 26 November, 2014 

 

The aim of this research is to examine the impact of climate change in maize farmers’ livelihood in 
Zambezi region, Namibia and benefit of adaptation. Trade-off analysis–multidimensional (TOA-MD) 
model was presented as a method for evaluation with a combination of simulated baseline production 
and future simulated yield using Decision Support Systems for Agro-technology Transfer (DSSAT) in 
maize production system, under five different climate scenarios of Global Circulation Models (GCMs). 
Even though the magnitude and the impact of different GCMs differs, the projections shows to have a 
negative economic impact with the highest going up to 76% and lowest to be around 46% loss without 
any adaption strategies in the Zambezi region. Adaptation strategies and some policy options were 
tested. The analysis suggests that the introduction of an irrigation system may be sufficient to offset 
the negative effects of climate change. Since various assumptions and uncertainties are associated 
with using the proposed approach and results should be interpreted with caution. Despite these 
limitations, the methodology presented in this study shows the potential to yield new insights into the 
way that realistic adaptation strategies could improve the livelihoods of smallholder farmers. To 
safeguard the limited productive assets of rural Namibian’s, the study suggested policy aim to target 
pro-poor disaster management and other adoption mechanism is very important. Apart from protecting 
productive resources of the rural population, policy should target the diversification of the rural 
economic environment and strengthen rural-urban linkages. 
 
Key words: Climate change, trade-off analysis–multidimensional (TOA-MD), maize, Namibia, Zambezi. 

 
 
INTRODUCTION 
 
Although, agriculture sector in Namibia contributes only 
about 4.1% to the gross domestic product (GDP), 
however it is regarded as an important part of the 
economy because it employs 37% of the work force,  and 

sustain 70% of Namibia’s population fully, or to a large 
extent, depend on agriculture for their livelihoods (CBS, 
2012). As a comparison, fishing and fish processing 
contributed 3.6%, while the mining and quarrying industry  
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still remained the highest contributor at 12.4% in 2010 
(CBS, 2012). 

Crop farming takes place in communal and commercial 
areas, with the former highly dependent on the rainfall 
condition. The combination of long dry spells, floods and 
the persistence of swarms of red-billed quelea birds 
during critical stages of crop development led to 
depressed crop yields.   In 2007, the total cultivated area 
was estimated at around 500000 hectares planted, yet 
there is a potential to increase the land under cultivation 
(MWAF, 2009).  

Namibia is believed to be known as the most 
vulnerable countries to climate change in Sub Saharan 
Africa. As it is characterized by semi-arid to hyper-arid 
conditions and highly variable rainfall; though small 
stretches of the country (about 8%) are classified as 
semi-humid or sub-tropical (MWAF, 2009). Rainfall 
distribution across the country varies from an average of 
<25mm per year in some parts of the Namibia Desert to 
700mm in some parts of the Caprivi Strip, in the North 
East. The potential implications of climate change in 
Namibian small holder agriculture have received more 
attention in the last decade and several efforts have been 
made to characterize the impact. However, the methods 
used to date to assess impacts of climate change on 
smallholder agriculture are less suited to assess socio-
economic impacts. To date, integrated climate change 
impact assessment that consider climate, biophysical and 
economic models have not been established for small 
holder agriculture in Namibia. 

Study on impact of climate by Desert Research 
Foundation of Namibia (DRFN)(2008) indicated detected 
that trends in rainfall is typically more difficult, especially 
in highly variable arid climates such as Namibia. 
Considerable spatial heterogeneity in the trends has 
been observed, but it appears as if the northern and 
central regions of Namibia are experiencing a later onset 
and earlier cessation of rains, resulting in shorter 
seasons in most vicinities. 
 
 

Description of the study area 
 
The Zambezi Region, until 2013 known as the Caprivi 
Region, is one of the 14 regions of Namibia, located in 
the extreme north-east of the country (Figure 1). It is 
largely concurrent with the Caprivi Strip and takes its 
name from the Zambezi River that runs along its border. 
Katima Mulilo is the capital (17.5000° S, 24.2667° E). The 
climate of the region is characterized by summer rainfall 
(October to March), with an average rainfall of about 700 
mm per year. In summer, January is the month with the 
highest average maximum temperature (30°C), and 
winter in July has the minim lowest average temperature 
of around 2.5°C.  

Zambazi region domintley consisting of varying from 
sand to clay, at one end of the spectrum are heavy soil 
with  high  content  of  clay  in  areas  which  are  regulary  

 
 
 
 
flooded, that is the hydromorphic and organic clay soils. 
Those areas flooded most frquently hold water for the 
longest period, and often have a high content of organic 
materal dervied from decmposed reeds, sedges and 
other plants that grow in the water. Eastern Zambazi 
larglery clay-loam and West part of the region more 
sandy type soil. Genearlly speaking, the region 
dominated by clay-loam soils (about 35% of the area) 
and sand (about 50%) (Mandleson, 2011), of all 
economic activities agricutlure is the most important 
source of liveslihood the region livelihood depend on 
farming (both crops and livestock). Large areas have 
been cleared to plant crops, the continous increasing 
number of livestock population in the area create heavy 
grazing on the enviroment. 

Due to relatively high rainfall compared to the other 
regions; as it has been mentioned on the above rainfall, 
distribution across the country varies from an average of 
<25 mm per year in parts of the Namibia Desert to 700 
mm in some parts of the Zambezi Strip. Secondly, due to 
existence of perennial rivers in the region, this provides 
potential for introduction of small scale irrigation systems 
in the area. 
 
 
METHODOLOGY  
 
Overall, the project has three crosscutting themes that emphasise 
on: uncertainty, aggregation across scales, and representative 
agricultural pathways (RAPs). The uncertainty explores component 
of the uncertainty cascade. The aggregation across scales 
connects local, regional, and global agricultural information (Antle, 
2011b). The RAPs processes develop scenarios that connect the 
representative concentration pathways and the socio-economic 
pathways (SSPs) that are needed to be included in the model. In 
this integrated climate change impact assessment research, there 
are three core questions need to be answered: 
 
1. What is the sensitivity of current agricultural production systems 
to climate change? Current production system (1980 to 2009 
Climate) and future climate current production system (2040 to 
2069 Climate), without any adaption and RAPs effect, 
2. What is the impact of climate change on future agricultural 
production systems? (Current production system with future trend 
on prices and technology on the production system, in addition to 
considering the effect of RAPs,  
3. What are the benefits of climate change adaptations? Future 
climate production system that includes trend on future climate-
adapted production system. 
 
Figure 2 presents the general description of the entire project data 
processing and methodological framework on the climate 
assessment: blue colour coded shows the economic component, 
red for the climate component, green data process for crop 
modelling and white colour combine both crop and economic 
modeling. For this report results from the economic modeling only 
reported indicated blue colour. 
 
 

Climate data   
 
Due to insufficient data observation from Zambezi region Katima 
Mulilo station, AgMERRA data were used from Rundu weather 
around 500 km  distance  from  the  study  area  (climate  data  was  

http://en.wikipedia.org/wiki/Regions_of_Namibia
http://en.wikipedia.org/wiki/Caprivi_Strip
http://en.wikipedia.org/wiki/Zambezi
http://en.wikipedia.org/wiki/Katima_Mulilo
http://en.wikipedia.org/wiki/Perennial_stream
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Figure 1: Geographical location of the study areas  

Source: Google Earth (2014) 
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Figure 1. Geographical location of the study areas (Source: Google Earth (2014). 

 
 
 

 
 

Figure 2. Integrated climate assessment methodological framework (Source: Developed by the research team). 
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collected by the Namibia weather center). At each location, 
changes from current climate (1980 to 2010) to near future (2010 to 
2040), mid-century (2040 to 2070) and end of century (2070 to 
2100) were computed for representative concentration pathways 
RCP4.5 and RCP8.5. The representative concentration pathways 
(RCPs) describe the heating effects of atmospheric greenhouse 
gases (GHGs) at the end of 2100. Twenty global circulation models 
(GCMs) were used to compute twenty delta changes in monthly 
temperatures and monthly rainfalls, hence producing 20 possible 
future weather scenarios per baseline per time period per RCP per 
station. However, as part of larger fast-track project objective, a first 
phase presented here consisted in using five of those GCMs only. 
 
 
Crop data  
 
From different source of literature review and through consultation 
of agricultural extension officers, the commonly used crop 
management practices of Zambezi region such as, planting data, 
soil depth, fertilizer application and harvesting date were used as 
an input for crop modeling. The physical and chemical properties of 
the dominant soils information were collected from the data base of 
Namibia Agricultural research center and some literature review 
(Mandleson, 2011). In this study, the decision support systems for 
agro-technology transfer (DSSAT) are used to model the day by 
day bio-physical growth of maize crops. The model is supported by 
data base management programs for soil, weather, crop 
management and experimental. Since the end result of this study 
was economic analysis, climate and crop results are not reported 
 
 
Socio-economic data 
 
The data for  Zambezi region originate from the project ‘Diversified 
Agriculture and Livelihood Support Options (DALSO) under the Red 
Cross initiative collected for which farm survey data were collected 
in 2012  (Mbai et al., 2013). For this analysis, a selection of 191 
farms was extracted from the database for complete data 
(quantities and prices). For inputs (such as seeds, labor, fertilizer, 
and manure) assumptions were made for the number of families 
involved or employed during the season for labor; whereas all 
farmers used manure as their fertilizer. Livestock income calculated 
based on the potential hiring of oxen, that is the maximum farmer 
can hire out would be twenty oxen per season, as plough done in 
four pair. 
 
 
Methodology for socio-economic impact  
 
For the analysis of climate change economic impact and adaptation 
strategies, this study used the Tradeoff Analysis model for Multi-
Dimensional Impact Assessment (TOA-MD). This model has been 
used for the analysis of technology adoption (Antle and Validivia, 
2006; Nalukenge et al., 2006; Antle and Stoorvogel, 2006, 2008; 
Immerzeel et al., 2008; Claessens et al., 2008; Antle, 2011b; Antle 
and Valdivia, 2011) provides an overview of the methodology, and 
present a validation of the TOA-MD approach against more 
complex, spatially-explicit models of semi-subsistence agricultural 
systems.  

In the TOA-MD model, farmers are assumed to be economically 
rational. This meant that thery make decisions based on maximizing 
expected value and presented with a simple binary choice: they can 
continue to operate with production System 1, or they can switch to 
an alternative System 2 (Antle and Valdivia, 2011). The logic of the 
analysis is summarized as follows: farmers are initially operating a 
base technology with a base climate. This combination is defined 
as System 1. System 2 is defined as the case where farmers 
continue using the base technology  under  a  perturbed  climate.  If  

 
 
 
 
some farmers are worse off economically under the perturbed 
climate, they are said to be vulnerable to climate change. Overall 
vulnerability can be measured by the proportion of farmers made 
worse off, and can also be defined relative to some threshold, such 
as the poverty line, in which case it says how many more 
households are put into poverty by climate change (Antle and 
Valdivia, 2011). 

The simulation model uses data on the spatial variability in 
economic returns to represent heterogeneity; such as heterogeneity 
in soils, climate, transportation costs, and the farm household’s 
characteristics.  

It is necessary to distinguish between three factors affecting the 
expected value of a production system: the production methods 
used, referred as the technology, and the physical environment in 
which the system is operating, for example, the climate, and the 
economic and social environment in which the system is operated. 
This is the socio-economic setting that we shall refer to as a 
Representative Agricultural Pathway (RAP) (Antle, 2011b). 
 

ω = System 1 value – System 2 value     …………………………….………………(1) 

    =  ) 
                  (1) 

 
Where: P, price in System 1 and System 2 respectively; Y, 
production (Yield) System 1 and System 2 respectively; a, land use; 
C, Production cost in System 1 and System 2 respectively; ω, the 
difference between System 1 and System 2. 
 

= losses from CC………………………………………....…..………….(2) 

 Value of CClim+XTech 

 Value of FClim+XTech  
                                       (2) 

 

 
                                                                          (3) 

 
                                                (4) 

 

 from observed of System 1, but for System 2 derived 

using Random Relative Yield Model 

 

  
                                                                                 (5) 

 

So )   

let y2 = y1 +  = (1 + / y1) y1  = R y1  
define R  =  y2 / y1 = relative yield 

Then v2 =  y1R 
 

It is important to take note ““ is estimate from survey data, 
whereas, R is estimate using crop models. Since relative yield is 
assumed to be representative from the heterogonous population it 
is expected to be normally distributed.  

 
Define: y1 = actual crop yield in current climate  
   s1 = simulated crop yield with current climate = b1 y1  
   s2 = simulated crop yield with changed climate = b2 y2  
 
Since we do not know y2 so we use crop sim models to estimate it!  
Assume b1 = b2 then   
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Table 1. Summary statistics of the data used for the TOA-MD model.  
 

EAST Caprivi System 1 System 2 RAP 1 (%) 

Farm characteristics Mean (STD) Mean (STD) 

 House hold size (persons) 4.89 (2.30) 4.89 (2.30) 

 Non-Ag income (Rs.)/year 8937 (4085) 8937 (4085) 

 Farm size (ha)  4.15 (4.78) 4.15 (4.78) 

 Total farm size 382.2 382.2 

 Population of farmers 69200 69200 

 Poverty level/year 4536 4536 

 

    Crops/maize  

   Yield/ha (kg)  350.54 (126.5) 238.65 (84.84) 

 Gross revenue/ha (Rs.) 1400 (455.6) 950.2 (468.07) 

 Variable cost/ha (Rs.) 466.22 (151.5) 317.40 (112.85) 

 Net return/ha (Rs) 935.95 (316.35) 637.2 (226.5) 

 Price (Rs./kg) 4 4 

   

   RAPS 

   Land size   

  

70 

House hold size  

  

60 

None Agric income  

  

40 

Price  

  

130 

Variable cost   

  

140 

Herd size   

  

50% 

 
 
 
 R = y2 /y1 = s2 / s1 (estimated from crop models!) 
 y2 = R y1  
data for y1 and R at a representative sample of sites, then  
  y2 = climate perturbed yields = R x y1  
 
Furthermore, Antle (2011a) show that in an economic adaptation 
analysis, accurate measurement of the economic, environmental 
and social impacts of technology adoption must take into account 
the statistical correlation between factors affecting adoption (For 
example, economic returns) and the other outcomes of interest. 
The TOA-MD model is designed to incorporate these correlations 
into the simulation of impacts on farm income and income-based 
poverty. In climate change assessment, the TOA-MD model implies 
that not all farms are affected in the same way – in most cases, 
some farms lose and some farms gain from climate change. 
Similarly, some farms may be willing to adopt technologies that 
facilitate adaptation to climate change, while others will not. The 
TOA-MD model allows researchers to simulate the impacts of the 
full range of adoption rates from zero to 100% (Claessens et al., 
2008).   

 
 
RESULTS AND DISCUSSION 
 
Table 1 presents the Namibia case study, the farm 
systems characterizing for CCSM4 of the Global 
Circulation Models (GCMs) as an example. On average, 
those five climate scenarios is predicted to be hotter in 
the future (+2.0 to +3.5

o
C), with greater variability in 

rainfall. Future rainfall/precipitation projections are less 
consistent,   with  different    climate    models    revealing  

different projections in the Southern Africa region.  
 
Question 1: What is the sensitivity of current 
agricultural production systems to climate change?  
 
The results of the sensitivity of current production 
systems to future climate change are presented in Table 
2. The results show that future climate change is 
projected to be detrimental to crop production in the 
Zambezi region (Caprivi) in Namibia. Crop yields are 
expected to decrease by 11 to 23% due to expected 
changes in climate 71 to 77% of the farmers in the 
Zambezi region are expected to lose. Furthermore, Table 
3 presents the predication of the model to the farmers’ 
net welfare. The model predicts the net crop revenue 
would drop ranges from 38 to 108%, this would yield 
impacts on mean return would be range from -35 to -
60%. Whereas analysis on per capita income (PCI) 
shows decreases of 38 to 98% due to climate change, 
while poverty analysis shows that all the farmers below 
the poverty line would increase ranges from 18 to 46%. 
The results imply that current crop production systems 
are sensitive to the effects of climate change.   
 
Question 2: What is the impact of climate change on 
future agricultural production systems? 
 
Table 4 presents the impact of climate  change  on  future  
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Table 2. Sensitivity of current agricultural production systems to climate change. 
 

Stratum 1 
CCMS4 GFDL HadGEM_2ES MIROC-5 MPI-ESM 

East West East West East West East West East West 

Observed mean yield (maize) (kg/ha)* 350.54 359.79 350.54 359.79 350.54 359.79 350.54 359.79 350.54 359.79 

Mean yield change (crop name) (%) [defined as: (mean relative yield -1)*100] -11 -13 -23 -19 -8 -7 -23 -12 -14.7 -17 

Losers (%) 74.15 75.88 76.27 76.5 71.96 73.65 75.74 75.7 76.31 76.7 

Gains (% mean net returns) - old 2.32 2.37 2.35 2.57 2.25 2.34 2.58 2.32 2.29 2.32 

Losses (% mean net returns) - old -39.55 -42.77 -48.75 -50.38 -32.36 -35.05 -53.75 -41.13 -47.26 -45.07 

Gains (% mean net returns) - corrected 8.97 9.84 9.92 10.96 8.04 8.87 10.63 9.54 9.68 9.98 

Losses (% mean net returns) - corrected -53.34 -56.37 -63.92 -65.85 -44.96 -47.59 -70.96 -54.33 -61.93 -58.76 

Observed net returns without climate change (NAD/ha) 5,614.64 5026.002 5,598.73 5054.545 5,483.08 3081.273 5646.119 5007.621 5582.315 4999.697 

Observed net returns with climate change (NAD/ha) 60.68 -110.245 -430.34 -328.511 805.17 1920.942 -479.7 -36.0319 -394.48 -237.014 

Observed per-capita income without climate change (NAD/Person/Year) 3,630.90 3089.925 3,626.93 3097.158 3598.072 4991.862 1819.377 3085.267 1811.417 3083.259 

Observed per-capita income with climate change (NAD/Person/Year) 2,245.08 1788.308 2,122.56 1732.995 2430.845 413.1373 1055.122 1807.115 1065.755 1756.182 

Projected poverty rate without climate change (%) ** 25.66 33.51 25.61 33.29 26.37 33.8 12.69 33.63 12.85 33.64 

Projected poverty rate with climate change (%) ** 56.31 76.63 60.51 79.82 50.65 70.15 30.55 75.6 30.08 78.17 
 

* Normalised. ** Poverty line: NAD2454 per capita per year (exchange rate against USD 1$ equivalent to NAD10 (Namibian Dollar)).  

 
 
 
Table 3. Impact of climate change to return per capita income and poverty line. 
    

Impact  
CCMS4 GFDL HadGEM_2ES MIROC-5 MPI-ESM 

East West East West East West East West East West 

Net impact (% mean net returns) 44.36 46.53 54.00 54.89 36.93 38.73 60.33 44.79 52.25 48.78 

per capita income (PCI) 38.17 42.12 41.48 44.05 32.44 91.72 42.01 41.43 41.16 43.04 

Poverty 30.64 43.12 34.89 46.54 24.28 36.36 17.86 41.97 17.23 44.53 

Net revenue 98.92 102.19 107.69 106.50 85.32 37.66 108.50 100.72 107.07 104.74 

 
 
 
crop production systems in the Zambezi region 
(Caprivi) region. The results show that about 38 to 
65% of the farmers will lose as a result of climate 
change. Also, future climate change with RAPs 
and global trend expected to results in decreases 
in mean yield decrease from -3 to 17%, this would 
impact net revenues mixed impact for some 
climate scenarios provided positive  and  negative 

net impact. From example, GFDL-west, 
HadGEM_2ES (west and east), MIROC-5 (East) 
and MPI-ESM (East) projected to be positive net 
revenue; whereas, the remaining scenarios would 
be projected to be negative impact. As indicated 
in Table 5 with regards to welfare analysis that 
includes Per Capita Income (PCI) poverty line 
indicated that climate change will adversely  affect 

livelihoods of Zambezi (Caprivi) substance 
farmers. For example poverty is expected to 
reduce marginally in GFDL (west), HadGEM_2ES 
(west) and   MIROC-5 (west) by 1.78, 4.96 and 
0.97% respectively. Whereas, for the remaining 
climate in the model project, there would be 
adverse effect, especially, GFDL (East) showed 
hard hit  which  is  estimated  to  be  around  49%;   
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Table 4. The impact of climate change on future agricultural production systems. 
 

Stratum 1 
CCMS4 GFDL HadGEM_2ES MIROC-5 MPI-ESM 

East West East West East West East West East West 

Projected mean yield (maize) (kg/ha) 350.54 359.79 350.54 359.79 350.54 359.79 350.54 359.79 350.54 359.79 

           

Mean yield change (crop name) (%) [defined as: (mean relative 
yield -1)*100] 

-11.00 -13.00 -23.00 -19.00 -7.81 -3.00 -23.00 -12.00 -15.00 -17.00 

           

Losers (%) 53.63 53.70 64.65 46.43 56.50 54.32 37.63 52.10 41.90 58.29 

Gains (% mean net returns) - old 5.50 6.65 3.87 7.24 5.09 5.78 9.63 5.99 8.70 4.81 

Losses (% mean net returns) - old 16.86 19.04 24.29 13.13 18.74 17.19 10.64 15.50 12.71 18.44 

Gains (% mean net returns) - corrected 11.86 14.36 10.94 13.52 11.71 12.65 15.44 12.50 14.98 11.53 

Losses (% mean net returns) - corrected 31.43 35.44 37.57 28.27 33.16 31.65 28.28 29.75 30.33 31.64 

           

Projected net returns without climate change (NAD/ha) 8,271.68 6,967.43 8,715.93 6,548.04 6,560.45 5,986.71 5,661.81 6,476.75 5,364.18 7,121.20 

           

Projected net returns with climate change (NAD/ha) 5,621.76 5,970.61 3,283.36 6,612.08 7,527.96 6,878.76 8,879.11 6,361.17 9,087.60 5,080.61 

           

Projected per-capita income without climate change 
(NAD/Person/Year) 

4,293.88 3,581.92 4,404.73 3,475.64 3,866.90 3,333.38 3,642.67 3,457.57 3,568.40 3,620.89 

           

Projected per-capita income with climate change 
(NAD/Person/Year) 

2,294.71 3,732.60 1,711.24 4,003.53 2,770.35 4,116.16 3,107.48 3,897.56 3,159.51 3,356.69 

           

Projected poverty rate without climate change (%) ** 21.80 28.48 20.24 30.21 26.80 32.47 29.76 30.38 30.75 27.86 

Projected poverty rate with climate change (%) ** 53.71 31.00 69.39 28.43 43.37 27.51 37.27 29.41 36.40 35.61 
 

* Normalised. ** Poverty line: NAD2454 per capita per year (exchange rate against USD 1$ equivalent to NAD10 (Namibian Dollar)).  

 
 
 

Table 5. The impact of climate change on future agricultural production systems. 
 

Impact  
CCMS4 GFDL HadGEM_2ES MIROC-5 MPI-ESM 

East West East West East West East West East West 

Net impact 19.57 21.08 26.62 14.74 21.45 19.01 12.84 17.25 15.35 20.11 

PCI 46.56 4.21 61.15 15.19 28.36 23.48 14.69 12.73 11.46 7.30 

Poverty 31.92 2.53 49.15 1.78 16.58 4.96 7.52 0.97 5.65 7.75 

Net revenue 32.04 14.31 62.33 0.98 14.75 14.90 56.82 1.78 69.41 28.66 
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Table 6. The benefits of adoption of climate change adaptations on future agricultural production systems. 
 

Stratum 1 
CCMS4 GFDL HadGEM_2ES MIROC-5 MPI-ESM 

East West East West East West East West East West 

Mean yield change (crop name) (%) [defined as: (mean relative yield 
-1)*100] 

249 196 218 199 322 -3 263 178 248 160 

           

% adoption rate  74 69 70 54 70 77 74 70 75 67 

Projected net returns without adaptation (ZAR/ha) -40 1004 545 3349 -374 126 -410 1082 -217 1891 

Projected net returns with adaptation (NAD/ha) 8508 6749 7953 5080 10117 7216 8046 6595 8702 5983 

           

Projected per-capita income without adaptation (NAD/Person/Year) 2220 2071 2366 2665 2137 1848 2128 2090 2176 2295 

           

Projected per-capita income with adaptation (NAD/Person/Year) 3015 4061 2876 3356 3416 4258 2900 3996 3063 3738 

           

Projected poverty rate without climate change (%) ** 57 63 52 44 59 71 60 62 58 55 

Projected poverty rate with climate change (%) ** 37 24 40 33 30 23 39 25 36 27 
 

* Normalised. ** Poverty line: NAD2454 per capita per year (exchange rate against USD 1$ equivalent to NAD10 (Namibian Dollar)).  

 
 
 
while PCI which is also in the model provided 
mixed results. 
 
Question 3: What are the benefits of climate 
change adaptations? 
 
Table 6 shows the benefits of adoption of climate 
change adaptations on future crop production 
systems in Namibia (Zambezi region). The 
adaptation package analysed for this study 
included the introduction of irrigation as 
adaptation measures and also RAPs included in 
the model.   

The results show adoption ranging from 54 to 
77% of the adapted crop production system under 
climate change. In addition, the mean yield 
changes shows an increase ranging from 160 to 
322% increase (with exception 
HadGEM_2ES_West shows 3% reduction). This 
shows the option of irrigation usage, even  over  a 

much smaller land area, would lead maize 
production to increase at least five-fold while also 
providing an opportunity for different crop varieties 
to be grown throughout the year. The overall 
effect would be to uplift the livelihoods and food 
security of those living within the study area. From 
this study, it can be concluded that the 
introduction of an irrigation system would 
compensate for the negative effects of climate 
change. Furthermore, net returns per farm 
increases by 18 to 29% as a result of adopting the 
adaptation package. 

The results also show that poverty levels 
decreases by about 12% minimum and 39% 
maximum when farmers adopt the adaptation 
package and PCI increases by ranges from 22 to 
130%. Generally, the adoption of the adaptation 
package helps to reduce the negative impacts of 
climate change of crop production systems in the 
Zambezi  region  in   Namibia.   However,   further 

analysis would be required to test different 
adaptation packages and RAPS on future crop 
production system (Table 7).  

In summary, Figure 3 presented the impact of 
climate change on the net impact of farmers 
return for those three different core questions for 
WEST Zambezi. As shown in the figure for core 
question-1 it shows the change in climate for 
future (but without RAPs and adoption), under this 
scenario the net impact would be a loss of range 
from 35 to 46% for the East part of the region 
under those five different GCMs. For core 
question-2 that is with changed climate in future, 
without any adaptation measures, but with some 
policy change and impact of global market trend. 
Under this consideration the impact of climate 
change on the farmers’ net return projected to be  
a loss of up to 6% on their net return (with only 
FGDL climate scenario yields 3% gain on the net 
return).  When   considering   the   adaptation   for  
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Table 7. Impact of climate change with adaptation strategies to return, per capita income and poverty line. 
    

Impact  
CCMS4 GFDL HadGEM_2ES MIROC-5 MPI-ESM 

East West East West East West East West East West 

Mean yield change 260 209 241 218 329 0 286 190 263 177 

Per capita income (PCI) 36 96 22 26 60 130 36 91 41 63 

Poverty -20 -39 -13 -12 -29 -49 -21 -37 -22 -28 

Net returns -21141 572 1360 52 -2806 5636 -2060 509 -4101 216 

 
 
 

 

 

those different climate scenarios.   

 

Figure 3: Percentage of net impact of change (for three different core questions) under different five GCMs for Zambezi region (West 

Zambezi)   

 

Similar study from IPCC (2014) reported that, there would be an increase in temperatures and changes in precipitation are very likely 

to reduce cereal crop productivity 
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Figure 3. Percentage of net impact of change (for three different core questions) under different five 
GCMs for Zambezi region (West Zambezi).   

 
 
inclusive policy shift which yield a positive and potential 
offset in the impact of climate change, farmers would gain 
up 45% of those different climate scenarios.   

Similar study from IPCC (2014) reported that, there 
would be an increase in temperatures and changes in 
precipitation are very likely to reduce cereal crop 
productivity in Africa (specifically worst in the South-West 
of Southern Africa). This will have strong adverse effects 
on food security. New evidence is also emerging that 
high-value perennial crops could also be adversely 
affected by temperature rise. Pest, weed and disease 
pressure on crops and livestock is expected to increase 
as a result of climate change combined with other factors. 
Moreover, new challenges to food security are emerging 
as a result of strong urbanization trends on the continent 
of Africa and increasingly globalized food chains, which 
require better understanding of the multi-stressor context 
of food and livelihood security in both urban and rural 
contexts in Africa. 

Figure 4 presented the impact of climate change on the 
net impact of farmers return for those three different  core 

questions for EAST Zambezi. As shown in the figure, it is 
different from the WEST presented earlier. 
 
 
Conclusion 
 
Vulnerability and adaptation assessments, particularly at 
the local level, face limited knowledge about exactly what 
to adapt to Namibia’s natural variability and only 
exacerbates the shortcomings of global and regional 
climate models which allow only for broad statements of 
change. With a view of current technology and future 
climate change challenges the comprehensive climate 
assessment was done.  

In this study, the TOA-MD model was presented as a 
method to evaluate the impacts of climate change and 
the economic viability of adaptation strategies using the 
kinds of data that are typically available for semi-
subsistence systems are important. The method was 
applied to the maize production systems of the Zambezi 
region,  in  Namibia.  With  a  combination   of   simulated  
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Figure 4: Percentage of net impact of change (for three different core questions) under different five GCMs for Zambezi region (East 

Zambezi)   

Figure 4 presented the impact of climate change on 
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Figure 4. Percentage of net impact of change (for three different core questions) under different five GCMs for Zambezi 
region (East Zambezi).   

 
 
 
baseline production and future simulated yield using 
DSSAT in maize production system, under five different 
climate scenarios to achieve those three core questions 
of the study. The Economic impacts of climate change to 
2050 were analyzed. Even though the magnitude of 
climate impact differs under different GCMs climate 
change is projected to have a negative economic impact 
with the highest going up to 76% and lowest to be around 
46% loss without any RAPs and adaption in the Zambezi 
region. Adaptation strategies were tested for the 
introduction of irrigation system and by introducing socio- 
economic scenarios based on Representative Agricultural 
Pathways. 

Highly variable climatic conditions and the risk of 
extreme events: it is important that policy be developed to 
safeguard the limited productive assets of rural 
Namibian’s by means of targeted, pro-poor disaster 
insurance schemes. Apart from protecting productive 
resources of the rural population, policy should target at 
the diversification of the rural economic environment and 
strengthen rural-urban linkages. These policy directions 
should receive adequate attention during the formulation 
of a rural development policy and strategy, which is 
currently lacking in Namibia’s policy framework. A 
national debate to clarify the expectations of the 
agricultural sector to national development, also in lieu of 
climate change, should be initiated to streamline policies 
aimed at the sector. Outright conflicting goals prevail 
which further undermine the potential of this vulnerable 
sector as well as the sustainable use of the environment. 
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