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Executive Summary  
 
The Smallholder Agricultural Development and Commercialisation Project (SADCP) is expected to be 
implemented over a 7 year period (2017-2024) in the central highlands Planalto region of Angola, 
including the provinces of Benguela, Bié, Cuanza Sul, Huambo, Huíla and Malanje. The SADCP will be 
implemented by the Angolan Government in participation with several development partners, including 
the International Fund for Agricultural Development (IFAD) and the World Bank (WB). In support of the 
project development process, a Climate Risk Analysis study was undertaken to determine inter alia i) 
the current and future climate characteristics of the project area; ii) the current and future suitability 
of various crop species to the project area; and iii) identify risks related to climate change, as well as 
potential adaptation options and opportunities to increase climate resilience.  
 
The Climate Risk Analysis was undertaken in two phases, the first of which was a Preliminary Climate 
Risk Analysis (PCRA) undertaken in October 2016. The latter study provided a brief summary of baseline 
climate in the project area, observed and predicted climate change impacts in Angola, and an 
assessment of the agricultural value chains and primary commodities in the project area. In addition, 
the PCRA provided a summary of the baseline distribution of crop suitability index scores (i.e. the 
relative suitability or production potential for a given crop) across the project area. Consequently, the 
latter information is not presented in detail in this report, which represents the second phase of the 
Climate Risk Analysis study ς readers are encourage to refer to the PCRA report (October 2016) for a 
detailed description of the baseline climate and crop suitability zones in the project area. 
 
The following report, henceforth referred to as the Climate Risk Analysis (CRA) provides an updated 
analysis of the baseline situation described in the PCSA. The updated CRA includes inter alia: 

¶ A brief summary of climate, as well as observed and predicted climate changes, in Angola. The 
latter summary is based on past studies and literature reviewed and is presented for 
background context in Section 1. 

¶ Analysis of regional-level and provincial-level climate changes predicted in the period from 
Ψ.ŀǎŜƭƛƴŜΩΣ ǘƻ ΨbŜŀǊ ¢ŜǊƳ CǳǘǳǊŜ ƛƴ ǘƘŜ ¸ŜŀǊ нлолΩ όb¢нлолύ ŀƴŘ ΨaƛŘ /ŜƴǘǳǊȅ CǳǘǳǊŜ ƛƴ ǘƘŜ ¸ŜŀǊ 
нлрлΩ όb¢нлрлύΣ ǊŜǎǇŜŎǘƛǾŜƭȅΦ ¢ƘŜ ǊŜǎǳƭǘǎ ƻŦ ǘƘŜ ƭŀǘǘŜǊ ŀƴŀƭȅǎŜǎ ŀǊŜ ǎǳƳƳŀǊƛǎŜŘ ƛƴ {ŜŎǘƛƻƴ 2 
(Baseline Climate), Section 3.1 (Predicted climate changes and anomalies at a regional level) 
and Section 3.2 (Predicted climate changes and anomalies within each respective province). 

¶ Analysis of predicted changes to crop suitability (list of crops assessed below) as a result of 
ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΣ ƛƴ ǘƘŜ ǇŜǊƛƻŘ ŦǊƻƳ Ψ.ŀǎŜƭƛƴŜΩ ǘƻ b¢нлол ŀƴŘ a/нлрл ǘƛƳŜǇƻƛƴǘǎΣ ǊŜǎǇŜŎǘƛǾŜƭȅΦ 
The results of the latter analyses are summarised in Section 4 for each individual crop or cultivar 
assessed. 

¶ Summarised climate change impacts, climate risks, opportunities and adaptation options in 
each of the six provinces of the study region. The latter summaries are presented in Section 5.  

 
The predicted effects of climate change are not consistent across the full extent of the study area. 
However, several general observations can be made for all six of the studied provinces. For example, 
all provinces in the study area are predicted to experience increasing temperatures throughout the 
ȅŜŀǊΣ ƛƴŘƛŎŀǘŜŘ ōȅ ƛƴŎǊŜŀǎŜŘ ŀǾŜǊŀƎŜ ƳƻƴǘƘƭȅ ΨaŜŀƴ ¢ŜƳǇŜǊŀǘǳǊŜΩ ŀǎ ǿŜƭƭ ŀǎ ŀǾŜǊŀƎŜ ΨaƛƴƛƳǳƳ 
¢ŜƳǇŜǊŀǘǳǊŜΩΦ CǳǊǘƘŜǊƳƻǊŜΣ all provinces are predicted to experience increasing delays or 
inconsistencies in the onset of rainfall, where the months of September, October and in some cases 
November are characterised by deficits in rainfall.  
 
The study assessed the effect of climate change on the relative suitability of the project area for various 
agricultural crops, detailed in the table below. 
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Summary table: Crop varieties assessed in EcoCrop analyses of future suitability under climate change 
Crop Species and varieties assessed Number varieties 

assessed 

Cassava Manihot esculenta 1 

Bananas Musa acuminata (Cavendish table banana) 
M. balbisiana (cooking plantain) 
M. balbisiana x M. acuminata (hybrid plantain) 

3 

Sweet 
potato 

Ipomoea batatas 1 

Maize Zea mays Ls. mays 
Z. mays v. indurata; indentata (flint and dent maize varieties) 
Z. mays v. amylacea; everta; tunicate (soft, pop and pod maize 
varieties) 

3 

Sugarcan
e 

Saccharum officinarum 1 

Sorghum Sorghum bicolor (low-altitude and high altitude varieties) 2 

Millet Pennisetum glaucum 1 

Coffee Coffeea arabica (arabica coffee); 
C. robusta (robusta coffee) 

2 

 
The combined effects of reduced precipitation and increased temperatures are likely to have negative 
effects on climate-sensitive crops such as maize, sweet potato and coffee. However, despite these 
common trends, there are also several province-specific effects on climate variables and resultant crop 
suitability that will necessitate the development of local-level adaptation plans and strategies for 
agricultural development.  
 
Of all the provinces assessed, Huíla is considered to be particularly vulnerable to climate change, where 
the suitability index scores and total suitable area of several important crops (inter alia cassava, maize, 
sorghum, banana) are predicted to decrease as a result of climate change. Huíla is predicted to be 
particularly negatively affected by reduced rainfall as well as increased temperatures, and as a result 
the suitable range of several crop types is predicted to be reduced in the southern and western 
lowlands of the provinces. Certain other provinces may enjoy both negative and positive effects as a 
result of climate change, where it is predicted that increased temperatures may improve the production 
potential of several crops. For example, in the northern extent of the study area, including much of 
Huambo, Bié, Malanje and Cuanza Sul provinces, it is predicted that climate change will result in 
increased suitability for staple crops such as maize and cassava as well as valuable cash crops such as 
banana and coffee.  
 
It is important to note that these analyses are based on consideration of a narrow range of modelled 
variables and the resultant effects on crop suitability. This study cannot account for local-level factors 
such as differences in performance, climatic suitability and yield potential between local land races or 
improved cultivars. In addition, the study cannot consider or predict the effect of different cultivation 
methods and technologies that may be practiced within the study area. Finally, in terms of predicting 
the likely effects of climate change and resultant risks to crop production, this study cannot account for 
indirect effects of climate change on crop production, such as increased vulnerability to pests and 
disease, soil degradation or flooding/waterlogging. However, the study does find that climate change 
is likely to result in multiple negative effects on smallholder farmers in the study area through disruption 
of familiar seasonal trends, increased water and heat stress and reduced growing season. Potential 
opportunities for adaptation and crop diversification have been identified for each of the six provinces 
and are described in the contents of this report.  
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1. Climate and Climate Change in Angola 
1.1 Baseline Climate and Weather of Angola 
The country has two distinct seasons ς hot, humid and rainy season (October to May) and dry and cool 
(June to September). Rainfall decreases from north (1800mm) to south (50mm, particularly in desert 
areas) in the country as the cooling effects of the Benguela current become pronounced. Temperatures 
in Luanda average 25°C in January and 21°C in the winter month of July. With less rain along the coast, 
the capital (Luanda) receives an average of ~300mm annually (GoA, 2012). !ƴƎƻƭŀΩǎ ƳŜǘŜƻǊƻƭƻgical 
records are notoriously unreliable and inconsistent ŀǎ ŀ ǊŜǎǳƭǘ ƻŦ ǘƘŜ ŘƛǎǊŜǇŀƛǊ ƻŦ ǘƘŜ ŎƻǳƴǘǊȅΩǎ 
monitoring network, and as a result there are large geographic and historical gaps in data. For example, 
rainfall data is based on a monitoring network of 500 station of which only ~20 are considered to be 
fully functional, which provides an inadequate level of detail to inform accurate and downscaled 
ŀƴŀƭȅǎƛǎ ŀƴŘ ŦƻǊŜŎŀǎǘǎ ƻŦ !ƴƎƻƭŀΩǎ ŎƭƛƳŀǘŜΦ 
 
1.2 Observed Climate Change Trends in Angola 
According to AnƎƻƭŀΩǎ Initial National Communication (INC, GoA 2012) surface temperature increases 
of 0.2 to 1.0 °C were observed from 1970 and 2004 within the coastal areas and northern regions of 
Angola; and an increase of between 1.0 and 2.0 °C in the central and eastern regions of the country. Air 
temperature data in Luanda indicated an increase of ~0.2 °C per decade, totalling an increase of 2.1 °C 
between 1911 and 2016 with greater increases observed during the cool season. Meteorological data 
extracted from the central plateau of Angola, where data sets are more reliable relative to the majority 
of the country, do not indicate any clear change in seasonal precipitation trends. (GoA 2012). 
 
The sectors which are considered to be particularly vulnerable to climate change in Angola include 
natural resources/biodiversity, human health, infrastructure, fisheries, and agriculture and food 
security. Given the uncertainties in projected trends in precipitation, specific impacts are difficult to 
predict. However it is anticipated that climate change will increase the severity of existing vulnerabilities 
(Lotz-Sistika and Urquhart, 2014), notably extreme events such as droughts and floods. The entire SADC 
region, including Angola, has been severely impacted by the disruptions of the El Nino effect. The 
country experienced a severe drought during the 2013-2014 agricultural cycle which resulted in 
widespread food insecurity ƛƴ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ǎƻǳǘƘŜǊƴ ǇǊƻǾƛƴŎŜǎΦ ¢ƘŜ ŘǊƻǳƎƘǘ ŀŦŦŜŎǘŜŘ мΦу Ƴƛƭƭƛƻƴ ǇŜƻǇƭŜ 
in six provinces, particularly Cunene (543,000), Huíla (583,000) and Namibe (162,092), where 
production losses of cereals and legumes were ~100% (UNICEF, 2014). The subsequent agricultural 
cycle in 2015ς2016 was similarly impacted such that the United Nations Office for Coordination of 
Humanitarian Affairs ǊŜǇƻǊǘǎ ǘƘŀǘ ŘǊƻǳƎƘǘ άŀŦŦŜŎǘŜŘ мΦп Ƴƛƭƭƛƻƴ ǇŜƻǇƭŜ ƛƴ ǎŜǾŜƴ ƻŦ !ƴƎƻƭŀΩǎ ǇǊƻǾƛƴŎŜǎΣ 
of which 78% are located in Cunene, Huíla and Namibe. Cunene being the greatest affected province, 
800 000 people residing in rural communities were affected in 2016 compared to 500 000 affected in 
ǘƘŜ ǇǊŜǾƛƻǳǎ ȅŜŀǊέ όh/I!Σ нлмрύΦ The Office of the UN Resident Coordinator reports that the heavy 
downpours and flash floods that typify the rainy season are expected to exacerbate the food security 
situation in the 2016ς2017 season (UNORC, 2016).A brief summary of the scale and frequency of 
climate-related disasters (droughts and floods) in Angola in the period 1976ς2014 is presented in Table 
1, below. 
 
Table 1. Recorded impacts of drought and flood in Angola (1976ς2014) (UNICEF, 2014). 

Disaster 
type 

Disaster 
subtype 

Events 
count 

Total 
deaths 

Total 
affected 

Total damage ('000 
US$) 

Drought Drought 7 58 444,3900 0 

Flood Riverine flood 24 468 108,8608 10,000 

Flood -- 9 74 11,6228 0 

Flood Flash flood 4 134 5,755 0 
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1.3 Projected Climate Change 
Considering the limited availability of observational data to inform analytical models, there is a relatively 
wide range of uncertainty of the likely effect of climate change in Angola. Projections of average annual 
rainfall over the country from a number of models illustrate a wide range of changes in rainfall patterns 
for Angola (RoA, 2015). IPCC scenarios (SRES A1B scenario as shown in the IPCC 4th Assessment Report) 
project an increase of mean annual temperature ranging between 1.2 to 3.2°C by the 2060s, and 1.7 to 
5.1°C by the 2090s (IPCC, 2014). However, in general all climate models project that Angola will 
experience increased temperatures, more extreme weather events, an expansion of arid and semi-arid 
regions, seasonal shifts in rainfall, localized floods, increased wildfires, sea level rise, increased rainfall 
in the northern parts of the country, changes in river flows and changes in sea and surface water body 
temperatures over the coming 100 years (RoA, 2015). 
 
Existing climate-related hazards such as drought and floods are likely to become more frequent and 
severe, particularly in the southern regions. The National Adaption Programme of Action 2011 (NAPA) 
emphasises the likelihood of negative impacts on sectors including agriculture and food security, as well 
as natural resources and biodiversity, fisheries, water resources, human health, infrastructure, and 
energy (RoA, 2011). The agriculture sector is considered to be particularly vulnerable to the impacts of 
hazards such as drought and flood, in addition to which it is predicted that changes in the onset and 
duration of the growing season will further exacerbate food insecurity. Possible shifts in the growing 
season are likely to include reduced duration of the growing season in Southern and coastal regions, 
and a shift from two seasons towards one annual growing season in the Northern regions (Lotz-Sistika 
and Urquhart, 2014). 
 
In addition to the climatic variables which directly influence crop performance (primarily temperature 
and precipitation), there are a number of other hazards related to climate change that may result in 
negative impacts on the most climate-vulnerable communities. For example, the widespread disrepair 
and underdeveƭƻǇƳŜƴǘ ƻŦ !ƴƎƻƭŀΩǎ ǊƻŀŘ ƴŜǘǿƻǊƪ ƛǎ ŀƭǊŜŀŘȅ ǊŜŎƻƎƴƛǎŜŘ ŀǎ ŀ ōŀǊǊƛŜǊ ǘƻ ƳŀǊƪŜǘ ŀŎŎŜǎǎ 
for rural communities, resulting in large transport costs, high rates of spoilage and poor quality in the 
marketplace. It is likely that these negative impacts on agricultural households are likely to be 
exacerbated as a result of the increased frequency and severity of floods predicted for Angola. Another 
existing barrier to the development of the agricultural value chain which may be exacerbated by the 
effects of climate change is the high rates of food spoilage and limited capacity for post-harvest storage 
that characterises many subsistence farming households. In certain cases, particularly storage of cereal 
crops, inadequate drying or storage of grain promotes growth of the Aspergillus fungus, which results 
in contamination of food with the carcinogenic aflatoxin and severely exacerbates existing food 
insecurity and malnutrition. Baranyi et al. (2015) found that the range of areas characterised by 
aflatoxin was likely to increase as a result of increased temperatures and humidity, but that this increase 
would largely occur in temperate climates ς it was not clear from the latter study whether sub-tropical 
and tropical climates would similarly be increasingly vulnerable to aflatoxin outbreaks (Baranyi et al., 
2016). 
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2. Baseline Climate and Weather in AngolaΩǎ ΨPlanaltoΩ ǇǊƻǾƛƴŎŜǎ 
The provinces prioritised for inclusion in this climate risk analysis include the coastal provinces of 
Benguela and Cuanza Sul and the inland provinces of Malanje, Bié, Huambo and Huíla, encompassing 
an area ranging in altitude from 0 to ~1,600m above sea level. The majority of the contiguous area 
between these provinces is covered by the Planalto midland plateau region, which extends from the 
escarpment ~30-50km inland from the semi-arid coastal zone towards the interior highlands of the 
country. Figure 1 (below) depicts the provinces assessed. 
 

 
Figure 1. Map of provinces selected for analysis of climate risks. 

 
Baseline climate data for the project area was derived from Worldclim historical data1 WorldClim 
Version 1 provides average monthly climate data for minimum, mean, and maximum temperature and 
for precipitation for the period 1960-1990. Data is provided at a resolution of ~1km2 (a resolution grid 
of 30 arc-seconds). Detailed information on the methods used to generate WorldClim climate layers, 
units and formats of data etc. is provided by Hijmans et al. (2005). Interpolations of observed data 
representative of the period 1960-мффл ŀǊŜ ƘŜƴŎŜŦƻǊǘƘ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ǘƘŜ ΨƘƛǎǘƻǊƛŎŀƭΩ ƻǊ ΨōŀǎŜƭƛƴŜΩ 
period. 
 
2.1 Summarised temperature and precipitation across study area 
The coastal zone and interior planalto varies widely in climate, soil type and topography and 
consequently supports a wide variety of subsistence and cash crops. The three following figures depict 
the average variation in monthly precipitation, monthly minimum temperature and monthly mean 
temperature, respectively, across the six provinces assessed. Firstly, Figure 2, below, depicts the 
average of all provinces in the Planalto region by month. Figure 3, further below, indicates the individual 
provincial averages of temperature and precipitation across all 12 months. Finally, Figure 4 depicts the 
spatial variability in Temperature and Precipitation across the full extent of the study area.  
 

                                                           
1 http://www.worldclim.org/version1 

http://www.worldclim.org/version1
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Despite the annual and spatial differences in climate within the study area, Figures 2-4 broadly depict 
the onset of a bi-modal rainy season which begins in ~October and peaks in December, before a second 
ΨƭŀǘŜΩ Ǌŀƛƴ ŀǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ ǎŜŀǎƻƴ ƛƴ aŀǊŎƘ-April. The winter months of May to August/September are 
ŘǊȅ ŀƴŘ ŎƘŀǊŀŎǘŜǊƛǎŜŘ ōȅ ŀ ƳŜŀƴ ǘŜƳǇŜǊŀǘǳǊŜ ƻŦ Ϥмтх/Σ Ϥп-рх/ ƭƻǿŜǊ ǘƘŀƴ ǘƘŜ ƳŜŀƴ ǘŜƳǇŜǊŀǘǳǊŜǎ ƛƴ 
summer. The baseline climate of each individual province is described further in Sections 2.2ς2.7. 

 
Figure 2. Mean monthly temperature and precipitation across the central planalto region of Angola 
 

 
Figure 3. Mean monthly temperature and precipitation for each of six individual provinces in the planalto region of 
Angola 
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Figure 4. Seasonal variation in minimum temperature, mean temperature and mean precipitation across the planalto study region in Angola 
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2.2 Mean annual temperature and precipitation in Benguela province 
Benguela province, similar to Cuanza Sul (below) is one of the hottest and most climatically variable of 
the six provinces assessed. The wide variability in mean temperature and precipitation within individual 
months (Figure 5, below) is consistent with the heterogeneity of the landscape from the semi-arid 
coastal plains eastwards to the interior plateau. The coastal lowlands of Benguela are particularly prone 
to drought and water shortages as a result of the high temperatures, extended winter dry season and 
erratic rainfall. The interior uplands of Benguela to the east of the coastal escarpment are comparatively 
cooler with higher rainfall, and are markedly different from the coastal plans in terms of suitability for 
different crops. 
 

 
Figure 5. Mean monthly temperature and precipitation in Benguela province. 
 
2.3 Mean annual temperature and precipitation in Bié province 
BiéΩǎ ŎƭƛƳŀǘŜ ƛǎ ǊŜƭŀǘƛǾŜƭȅ ǎǘŀōƭŜ ŀƴŘ ƘƻƳogenous with small deviation in monthly average temperature 
compared to the geographically heterogeneous provinces such as Benguela and Cuanza Sul. The 
province is characterised by an extended dry season during the winter months from May to August, 
after which the planting season for rainfed agriculture begins with the onset of rains in September and 
October. 
 

 
Figure 6. Mean monthly temperature and precipitation in Bié province. 
 
2.4 Mean annual temperature and precipitation in Cuanza Sul province 
The climate of Cuanza Sul province is comparable to Benguela province, and is similarly defined by the 
heterogeneous topography of the region extending from the coastal plains inland towards and beyond 
the coastal escarpment towards the planalto highlands. The primary difference between the climates 
of the two provinces is that the rainy season in Cuanza Sul begins slightly early (in September) in the 
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northern latitudes of the province, allowing for comparatively earlier planting and longer growing 
seasons for rainfed crops.  
 

 
Figure 7.  Mean monthly temperature and precipitation in Cuanza Sul province. 
 
2.5 Mean annual temperature and precipitation in Huambo province 
The climate of Huambo is relatively consistent across the geographic extent of the province compared 
to the more heterogeneous provinces such as Benguela and Cuanza Sul. The onset of the rainy season 
in this central province and neighbouring Huíla province begins in October and extends until April, 
declining sharply during the dry season from May to August. 
 

 
Figure 8. Mean monthly temperature and precipitation in Huambo province. 
 
2.6 Mean annual temperature and precipitation in Huíla province 
Huíla is the most southerly of the provinces in the study area and is also the most arid. In the months 
at the onset of the rainy season, Huíla is the only province which receives an average precipitation of 
less than 50 mm in the month of October. Similar to Huambo province and the interior of Bié, the winter 
months of June-July in Huíla province are cooler (winter average of ~15-16 хC) than the coastal plains 
and particularly arid in the period from MayςSeptember.  
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Figure 9. Mean monthly temperature and precipitation in Huíla province. 
 
2.7 Mean annual temperature and precipitation in Malanje province 
Malanje, the northernmost of the six provinces assessed, has the highest mean annual precipitation 
and the wettest winter months relative to other provinces. Typical of a humid sub-tropical climate, the 
ŀǾŜǊŀƎŜ ǘŜƳǇŜǊŀǘǳǊŜ ƛƴ aŀƭŀƴƧŜ ƛǎ ŀōƻǾŜ нлх/ ŀƭƭ ȅŜŀǊ ŀǊƻǳƴŘΣ ŜǾŜƴ ƛƴ ǿƛƴǘŜǊ ƳƻƴǘƘǎΣ ŀƴŘ ŀǾŜǊŀƎŜǎ 
Ϥнох/ ŦƻǊ ǘƘŜ Ǌŀƛƴȅ ǇŜǊƛƻŘ ŦǊƻƳ {ŜǇǘŜƳōŜǊ ǘƻ !ǇǊƛƭΦ 
 

 
Figure 10. Mean monthly temperature and precipitation in Malanje province. 
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3Φ tǊŜŘƛŎǘŜŘ ŜŦŦŜŎǘǎ ƻŦ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ƛƴ !ƴƎƻƭŀΩǎ ΨtƭŀƴŀƭǘƻΩ ǇǊƻǾƛƴŎŜǎ 
The baseline climate and weather of the studied provinces ς Benguela, Bié, Cuanza Sul, Huambo, Huíla 
and Malanje ς are described in the previous chapter. The future effects of climate change on the 
ƘƛǎǘƻǊƛŎŀƭ ΨōŀǎŜƭƛƴŜΩ ŎƭƛƳŀǘŜ ƛƴ ǘƘŜ ǎǘǳŘȅ ŀǊŜŀ ǿŜǊŜ ŎƻƳǇǳǘŜŘ ōŀǎŜŘ ƻƴ ŀƴŀƭȅǎƛǎ ƻŦ нф DŜƴŜǊŀƭ 
Circulation Models (GCMs) downloaded from the AgMERRA dataset2. Analyses were based on the 
methods described by Ramirez-Villegas et al (2013). Future climate changes were computed assuming 
ǘƘŜ ǎŎŜƴŀǊƛƻ ƻŦ Ψw/t уΦрΩ όǿƘŜǊŜ Ψw/t уΦрΩ ǊŜŦŜǊǎ ǘƻ ƻƴŜ ƻŦ ŦƻǳǊ ƘȅǇƻǘƘŜǘƛŎŀƭ ǎŎŜƴŀǊƛƻǎ ŦƻǊ ŦǳǘǳǊŜ Ǝƭƻōŀƭ 
greenhouse gas emissions proposed by the Intergovernmental Panel on Climate Change). This analysis 
was used to generate predictions of the effect of climate change in the planalto region of Angola, with 
a particular emphasis on the following three variables: i) Monthly Mean Temperature (Tmean); ii) 
Monthly Minimum Temperature (Tmin); and iii) Mean Monthly Precipitation (Precip.). The changes in 
each of these three variables were computed for two time periods, specifically: 

¶ ŀ ƴŜŀǊ ǘŜǊƳ όb¢ύ ŎƘŀƴƎŜ όƘŜƴŎŜŦƻǊǘƘ Ψb¢ нлолΩ), which is the monthly mean change for: i) Tmin; 
ii) Tmean; and iii) rainfall, based on each GCM in the periods 1980-2010 relative to 2010-2039 
periods. 

¶ a mid-century (MC) change όƘŜƴŎŜŦƻǊǘƘ Ψa/ нлрлΩ, which is the monthly mean change for: i) 
Tmin; ii) Tmean; and iii) rainfall, based on each GCM in the periods 1980-2010 relative to 2040-
2069 periods. 

 
The results of these analyses are first described in terms of the predicted spatial changes and anomalies 
in each variable within the study area (Section 3.1, immediately below), and then subsequently in terms 
of the predicted average change in climate within each province in the study area (Section 3.2, following 
section). It should be emphasised the reader must be cautious when making direct comparisons 
between the analyses in the latter two sections, for the reason that map plots allow for the visualisation 
of spatial variability, whereas barplots and scattergraphs do not (for example, a boxplot for a given 
province represents an aggregate of all provincial outcomes and removes the effect of spatial 
variability). Therefore, two identical values could be the result of a condition which is homogenous 
across a wide spatial extent, or alternatively could be the result of a heterogeneous situation varying 
across a continuous range of variables. A further note on the representation of GCMs in spatial map 
plots and bar plots is the complexity of representing: i) spatial variability within a province; and ii) 
variation between and within each GCM. While there is only 1 value per month for 1 grid point under 
historical conditions, there are 29 values per month for 1 grid point under future conditions. Therefore, 
all analyses depicted show the median GCM output when presenting climate variables, and the median 
EcoCrop suitablility outcome when presenting the suitability of various crops in Section 4 (where the 
latter is not necessarily the result of the median GCM). 
  

                                                           
2 https://data.giss.nasa.gov/impacts/agmipcf/agmerra/ 

https://data.giss.nasa.gov/impacts/agmipcf/agmerra/
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3.1 Predicted changes and anomalies ƛƴ ǘƘŜ tƭŀƴŀƭǘƻ ǊŜƎƛƻƴ ƻŦ !ƴƎƻƭŀ ƛƴ ǘƘŜ ǇŜǊƛƻŘ ŦǊƻƳ Ψ.ŀǎŜƭƛƴŜΩ ǘƻ 
ΨaƛŘ-/ŜƴǘǳǊȅ нлрлΩ ǘƛƳŜǇƻƛƴǘǎ 
 

 3.1.a Predicted changes and anomalies in Monthly Mean Temperature (Tmean) 
The figures presented below (Figure 11 ) depict the spatial distribution of mean temperature (Tmean) 
across the study area in all 12 months of the year. Included in the figures are graphical depictions of: i) 
Tmean ŀǘ Ψ.ŀǎŜƭƛƴŜΩ ǘƛƳŜ ǇŜǊƛƻŘ, presented in the columns on the left of Figure 11; 
ii) Anomalies between Tmean values predicted for the ΨBŀǎŜƭƛƴŜΩ and ΨCǳǘǳǊŜ aƛŘ-/ŜƴǘǳǊȅ нлрлΩ time 
periods, presented in the columns at the centre of Figure 11; and 
iii) Tmeŀƴ ŀǘ ΨCǳǘǳǊŜ aƛŘ-/ŜƴǘǳǊȅ нлрлΩ ǘƛƳŜ ǇŜǊƛƻŘΣ ǇǊŜǎŜƴǘŜŘ ƛƴ ǘƘŜ ŎƻƭǳƳƴǎ ŀǘ ǘƘŜ ŎŜƴǘǊŜ ƻŦ CƛƎǳǊŜ 
11. 
 
In general, a clear trend of warming is predicted across the entire study region. The eastern and 
southern interior of the country is predicted to experience the largest total increases in Tmean, 
particularly during the first months of the agricultural growing season (~onset of rains in September to 
December). However, the coastal and central regions of the country are also anticipated to experience 
significanǘ ƛƴŎǊŜŀǎŜǎ ƛƴ ¢ƳŜŀƴ ƛƴ ǘƘŜ ǇŜǊƛƻŘ ōŜǘǿŜŜƴ ΨōŀǎŜƭƛƴŜΩ ŀƴŘ Ψa/ нлрлΩΦ Furthermore, the 
autumn and winter months in the planalto region are also predicted to be characterised by increasingly 
large anomalies in Tmean, where the months of May to August are characterised by moderate-to-large 
anomalies across the entire region. The predicted warming trends are further described on a quarterly 
basis below. 
 
In the months of September to November, it is predicted that large areas of Bié, Huambo, Huíla and 
Malanje provinces will experience major anomalies (+-1.5 ς нх/ύ in average monthly mean temperature 
(Tmean). The majority of the remaining study area, including Cuanza Sul and Benguela provinces are 
ǇǊŜŘƛŎǘŜŘ ǘƻ ŜȄǇŜǊƛŜƴŎŜ ƳƻŘŜǊŀǘŜ όϤмх/ύ ŀƴƻƳŀƭƛŜǎ ƛƴ ¢ƳŜŀƴ. 
 
In the summer months of December to February, increased average Tmean values are predicted for 
the entire study area. In particular, the central and eastern interior of the study region and the entirety 
of Huíla province is predicted to experience most significant increases in Tmean, relative to the baseline. 
The months at the end of the rainy growing season, from March to May, are also characterised by 
predictions of widespread increases in Tmean. Finally, the dry winter months of June to August are 
characterised by the largest (and most geographically widespread) increases in Tmean relative to the 
baseline, during which period it is predicted that Tmean will increase across the majority of the study 
area by ~+-мΦрх/, relative to baseline.  
 
The predicted changes to Tmin in each of the studied provinces are described further in Section 3.2. 
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Figure 11. Predicted changes and anomalies in mean monthly temperature in the Planalto region of Angola in the 
ǇŜǊƛƻŘ ŦǊƻƳ Ψ.ŀǎŜƭƛƴŜΩ ǘƻ ΨaƛŘ-/ŜƴǘǳǊȅ нлрлΩ ǘƛƳŜǇƻƛƴǘǎΦ 
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 3.1.b Predicted changes and anomalies in Minimum Temperature (Tmin) 
Figure 12, below, depict2 ǘƘŜ ǎǇŀǘƛŀƭ ŘƛǎǘǊƛōǳǘƛƻƴ ƻŦ ƳŜŀƴ ΨaƛƴƛƳǳƳ ¢ŜƳǇŜǊŀǘǳǊŜΩ ό¢Ƴƛƴύ ŀŎǊƻǎǎ ǘƘŜ 
study area in all 12 months of the year. Included in the figures are graphical depictions of: i) Tmin at 
Ψ.ŀǎŜƭƛƴŜΩ ǘƛƳŜ ǇŜǊƛƻŘΣ ǇǊŜǎŜƴǘŜŘ ƛƴ ǘƘŜ ŎƻƭǳƳƴǎ ƻƴ ǘƘŜ ƭŜŦǘ ƻŦ CƛƎǳǊŜ 12; 
ƛƛύ !ƴƻƳŀƭƛŜǎ ōŜǘǿŜŜƴ ¢Ƴƛƴ ǾŀƭǳŜǎ ǇǊŜŘƛŎǘŜŘ ŦƻǊ ǘƘŜ Ψ.ŀǎŜƭƛƴŜΩ ŀƴŘ ΨCǳǘǳǊŜ aƛŘ-/ŜƴǘǳǊȅ нлрлΩ ǘƛƳŜ 
periods, presented in the columns at the centre of Figure 12; and 
iii) Tmin at ΨCǳǘǳǊŜ aƛŘ-/ŜƴǘǳǊȅ нлрлΩ ǘƛƳŜ ǇŜǊƛƻŘΣ ǇǊŜǎŜƴǘŜŘ ƛƴ ǘƘŜ ŎƻƭǳƳƴǎ ŀǘ ǘƘŜ ŎŜƴǘǊŜ ƻŦ CƛƎǳǊŜ 12. 
 
Lƴ ƎŜƴŜǊŀƭΣ ǘƘŜ ǘǊŜƴŘǎ ǇǊŜŘƛŎǘŜŘ ŦƻǊ Ψ¢ƳƛƴΩ ŀǊŜ ǿŜƭƭ ŀƭƛƎƴŜŘ ǿƛǘƘ ǘƘƻǎŜ ǇǊŜŘƛŎǘŜŘ ŦƻǊ Ψ¢ƳŜŀƴΩ όŘŜǎŎǊƛōŜŘ 
above). In general, a clear trend of warming is predicted across the entire study region throughout all 
months of the year. 
 
The eastern and southern interior of the country is predicted to experience the largest total increases 
in Tmin, particularly the provinces of Huíla, Huambo and Bié. However, the coastal, central and northern 
regions of the country are also anticipated to experience significant increases in Tmin in the period 
ōŜǘǿŜŜƴ ΨōŀǎŜƭƛƴŜΩ ŀƴŘ Ψa/ нлрлΩΦ CǳǊǘƘŜǊƳƻǊŜΣ ǘƘŜ ŀǳǘǳƳƴ ŀƴŘ ǿƛƴǘŜǊ ƳƻƴǘƘǎ ƛƴ ǘƘŜ planalto region 
are predicted to be characterised by increasingly large anomalies in Tmin, where the months of May to 
August are characterised by moderate-to-large anomalies across the entire region. The period from 
May to September, just before the onset of the rainy season, is characterised by the largest and most 
widespread sustained increases in Tmin. The predicted warming trends are further described on a 
quarterly basis below. 
 
In the months of September to November, it is predicted that large areas of Bié, Huambo, Huíla will 
experience major anomalies (+-1.5 ς нх/ύ ƛƴ ŀǾŜǊŀƎŜ ƳƻƴǘƘƭȅ Ƴinimum temperature (Tmin). The 
majority of the remaining study area, including Malanje, Cuanza Sul and Benguela provinces are 
ǇǊŜŘƛŎǘŜŘ ǘƻ ŜȄǇŜǊƛŜƴŎŜ ƳƻŘŜǊŀǘŜ όϤмх/ύ ŀƴƻƳŀƭƛŜǎ ƛƴ ¢Ƴin. 
 
In the summer months of December to February, moderate increased Tmin values are predicted for 
the entire study area. The months at the end of the rainy season, from March to May, are characterised 
by predictions of widespread increases in Tmin, of which the south, central and eastern regions are 
predicted to experience the largest anomalies in Tmin. The dry winter months of June to August are 
characterised by the largest (and most geographically widespread) increases in Tmin relative to the 
baseline, during which period it is predicted that Tmin will increase across the majority of the study 
area by ~+-1ςмΦрх/, relative to baseline.  
 
The predicted changes to Tmin in each of the studied provinces are described further in Section 3.2. 
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Figure 12. Predicted changes and anomalies in minimum monthly temperature in the Planalto region of Angola in 
ǘƘŜ ǇŜǊƛƻŘ ŦǊƻƳ Ψ.ŀǎŜƭƛƴŜΩ ǘƻ ΨaƛŘ-/ŜƴǘǳǊȅ нлрлΩ ǘƛƳŜǇƻƛƴǘǎΦ 
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 3.1.c Predicted changes and anomalies in Monthly Total Precipitation (Precip.) 
 
Figure 13, below, depicts ǘƘŜ ǎǇŀǘƛŀƭ ŘƛǎǘǊƛōǳǘƛƻƴ ƻŦ ƳŜŀƴ ΨaƻƴǘƘƭȅ tǊŜŎƛǇƛǘŀǘƛƻƴΩ όtǊŜŎƛǇΦύ ŀŎǊƻǎǎ ǘƘŜ 
study area in all 12 months of the year. Included in the figures are graphical depictions of:  
ƛύ tǊŜŎƛǇΦ ŀǘ Ψ.ŀǎŜƭƛƴŜΩ ǘƛƳŜ ǇŜǊƛƻŘΣ ǇǊŜǎŜƴǘŜŘ ƛƴ ǘƘŜ ŎƻƭǳƳƴǎ ƻƴ ǘƘŜ ƭŜŦǘ ƻŦ CƛƎǳǊe 13; 
ƛƛύ !ƴƻƳŀƭƛŜǎ ōŜǘǿŜŜƴ tǊŜŎƛǇΦ ǾŀƭǳŜǎ ǇǊŜŘƛŎǘŜŘ ŦƻǊ ǘƘŜ Ψ.ŀǎŜƭƛƴŜΩ ŀƴŘ ΨCǳǘǳǊŜ aƛŘ-/ŜƴǘǳǊȅ нлрлΩ ǘƛƳŜ 
periods, presented in the columns at the centre of Figure 13; and 
ƛƛƛύ tǊŜŎƛǇΦ ŀǘ ΨCǳǘǳǊŜ aƛŘ-/ŜƴǘǳǊȅ нлрлΩ ǘƛƳŜ ǇŜǊƛƻŘΣ ǇǊŜǎŜƴǘŜŘ ƛƴ ǘƘŜ ŎƻƭǳƳƴǎ ŀǘ the centre of Figure 
13. 
 
¢ƘŜ ǇǊŜŘƛŎǘŜŘ ŎƘŀƴƎŜǎ ƛƴ ƳŜŀƴ ƳƻƴǘƘƭȅ ǇǊŜŎƛǇƛǘŀǘƛƻƴ ŘǳǊƛƴƎ ǘƘŜ ǇŜǊƛƻŘ ŦǊƻƳ ΨōŀǎŜƭƛƴŜΩ ǘƻ Ψa/ нлрлΩ 
timepoints indicate that climate change will result in complex spatial and temporal changes in 
precipitation in the planalto region. A common prediction for all six target provinces is that mean 
monthly precipitation at the onset of the rainy season, in the months of September and October, will 
ōŜ ǊŜŘǳŎŜŘ ƛƴ ŀƭƭ ǇǊƻǾƛƴŎŜǎ ŘǳǊƛƴƎ ǘƘŜ ǇŜǊƛƻŘ ŦǊƻƳ ΨōŀǎŜƭƛƴŜΩ ǘƻ Ψa/ нлрлΩ ǘƛƳŜǇƻƛƴǘǎΦ !ƴƻƳalies in 
monthly rainfall, indicated by red shading in Figure 13, below, are particularly acute in the northern, 
central and western extents of the study area. In the month of November, the central and southern 
extent of the study area ς including the entire extent of Huíla province and majority of Bié and Huambo 
ς ƛǎ ǇǊŜŘƛŎǘŜŘ ǘƻ ŜȄǇŜǊƛŜƴŎŜ ŦǳǊǘƘŜǊ ŘŜŦƛŎƛǘǎ ƛƴ ǊŀƛƴŦŀƭƭ ōȅ Ψa/ нлрлΩ ǘƛƳŜ ǇŜǊƛƻŘΣ ǊŜƭŀǘƛǾŜ ǘƻ ōŀǎŜƭƛƴŜΦ Lƴ 
contrast, the majority of Cuanza Sul and Malanje provinces are predicted to benefit from increased 
ǊŀƛƴŦŀƭƭ ƛƴ bƻǾŜƳōŜǊ ōȅ Ψa/ нлрлΩΣ ǊŜƭŀǘƛǾŜ ǘƻ ΨōŀǎŜƭƛƴŜΩ ƳŜŀƴ ƳƻƴǘƘƭȅ ǊŀƛƴŦŀƭƭΦ  
 
In the mid-summer months from December to February, the majority of the study area is predicted to 
benefit from ƛƴŎǊŜŀǎŜŘ ǊŀƛƴŦŀƭƭ ōȅ Ψa/ нлрл ǊŜƭŀǘƛǾŜ ǘƻ ΨōŀǎŜƭƛƴŜΩ ƳŜŀƴ ƳƻƴǘƘƭȅ ǊŀƛƴŦŀƭƭΣ ǿƛǘƘ ǘƘŜ 
exception of the southernmost extent of Huíla province. In March and April, the last months of the 
traditional maize-growing season, rainfall anomalies across the study area are predicted to follow two 
distinct trends, specifically: i) reduced rainfall in the southern and eastern areas, particularly Huíla, Bié 
and the south-eastern extent of Huambo; and ii) increased rainfall in the central, western and northern 
areas, particularly Malanje, northern Huambo, and the highland interior of Cuanza Sul and Benguela 
provinces. No major changes to rainfall are predicted for the dry winter months of May to August. 
 
These analyses indicate that climate change will delay the onset of rainfall, in turn resulting in changes 
to the timing of various agricultural activities such as field preparation and sowing of seed. In the case 
of the southern and eastern extents of the project area, notably Huíla and south-east Bié, the majority 
of the agricultural growing season is characterised by monthly rainfall deficits and is likely to result in 
fundamental changes to local crop choices and agricultural practices by the year 2050. Drought-
sensitive crops such as maize are likely to be increasingly unreliable or poor in yield, which will be 
further exacerbated by the predicted increases in temperature described previously. However, certain 
regions within the study area, notably the central and northern areas, are expected to benefit from 
surplus rainfall during the middle and late summer months which may have the effect of extending the 
growing season or improving the yield potential of certain crops.  
 
The predicted changes to mean monthly rainfall in each of the studied provinces are described further 
in Section 3.2.  
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Figure 13. Predicted changes and anomalies in mean monthly precipitation in the Planalto region of Angola in the 
ǇŜǊƛƻŘ ŦǊƻƳ Ψ.ŀǎŜƭƛƴŜΩ ǘƻ ΨaƛŘ-/ŜƴǘǳǊȅ нлрлΩ ǘƛƳŜǇƻƛƴǘǎΦ 
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3.2 Predicted monthly changes in precipitation and temperature in the Planalto region of Angola, in the 
ǇŜǊƛƻŘ ŦǊƻƳ Ψ.ŀǎŜƭƛƴŜΩ ǘƻ ΨaƛŘ-/ŜƴǘǳǊȅ нлрлΩ ǘƛƳŜǇƻƛƴǘǎ 
 
The figures presented below (Figure 14 onwards) depict the predicted monthly variation in Tmean, 
¢Ƴƛƴ ŀƴŘ tǊŜŎƛǇƛǘŀǘƛƻƴ ƛƴ ŜŀŎƘ ƻŦ ǘƘŜ ǎƛȄ ǇǊƻǾƛƴŎŜǎ ŀǘ Ψ.ŀǎŜƭƛƴŜΩΣ Ψb¢нлолΩ ŀƴŘ Ψa/нлрлΩ ǘƛƳŜ points. 
Included in the following figures for each time point are: i) mean monthly averages for Tmean, Tmin 
and Precipitation, respectively; and ii) anomalies (i.e. total change) in Tmean, Tmin, and Precipitation 
ōŜǘǿŜŜƴ Ψ.ŀǎŜƭƛƴŜΩ and future periods.  
 
To assist in the interpretation of these figures, an explanatory example is presented and discussed 
below. The example histogram below ǊŜǇǊŜǎŜƴǘǎ ΨƳŜŀƴ ǘŜƳǇŜǊŀǘǳǊŜ ŀƴƻƳŀƭƛŜǎΩ ŦƻǊ ŜŀŎƘ ƳƻƴǘƘΣ ǿƘŜǊŜ 
an anomaly is the size of change from the provƛƴŎƛŀƭ ŀǾŜǊŀƎŜ ŦƻǊ Ψ¢ƳŜŀƴΩΦ Dreen bars represent the 
ΨƘƛǎǘƻǊƛŎŀƭΩ Tmean, orange represents the predicted Ψb¢нлолΩ Tmean and red represents the predicted 
Ψa/ нлрлΩ TmeanΦ ¢ƘŜ ōƭŀŎƪ ƭƛƴŜ ǘƘǊƻǳƎƘ ǘƘŜ ŎŜƴǘǊŜ ƻŦ ŜŀŎƘ ōŀǊ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ΨƳƻƴǘƘƭȅ ƳŜŀƴΩ ƻŦ ŜŀŎƘ 
month and time point, while the upper and lower extent of each bar represents the lowest and highest 
value reported for that month. Therefore, the height of each coloured bar represents the total 
variability in temperature anomalies within the whole province, relative to the provincial average for 
Tmean i.e. the taller the bar, the greater the spatial variability in temperature relative to the provincial 
average.  
In the case of the example beloǿΣ ǘƘŜ ƘƛǎǘƻƎǊŀƳ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ƳƻƴǘƘƭȅ Ψ¢ƳŜŀƴΩ ǾŀƭǳŜǎ ŀǊŜ ǇǊŜŘƛŎted 
ǘƻ ƛƴŎǊŜŀǎŜ ǊŜƭŀǘƛǾŜ ǘƻ ǘƘŜ ΨIƛǎǘƻǊƛŎŀƭΩ ƳŜŀƴ ōȅ ϤлΦтр-м х/Σ ǿƛǘƘ ǘƘŜ ƭŀǊƎŜǎǘ ŀƴƻƳŀƭƛŜǎ ƻōǎŜǊǾŜŘ ƛƴ ǘƘŜ 
period ~May to September. 

 
 
The following sections describe the predicted changes in climate for each of the six provinces, including 
Tmean, Tmin and Precipitation.  
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 3ΦнΦŀ tǊŜŘƛŎǘŜŘ ƳƻƴǘƘƭȅ ŎƘŀƴƎŜǎ ƛƴ ǇǊŜŎƛǇƛǘŀǘƛƻƴ ŀƴŘ ǘŜƳǇŜǊŀǘǳǊŜ ƛƴ .ŜƴƎǳŜƭŀ ƛƴ ǘƘŜ ǇŜǊƛƻŘ ŦǊƻƳ Ψ.ŀǎŜƭƛƴŜΩ ǘƻ ΨaƛŘ-/ŜƴǘǳǊȅ нлрлΩ ǘƛƳŜǇƻƛƴǘǎ 
 
Results indicate that average monthly minimum temperatures (Tmin) in Benguela will increase in the near term (NT 2030) during the summer months of 
December, January, February, and March by ~1 °C from ~23 to ~24 °C. A similar trend of a ~1 °C increase is observed during the winter months of June, July, 
and August from ~20 to ~21° C for NT 2030 projections.  
 

 
Figure 14. Average monthly anomalies in Minimum Temperature (left) and average monthly Minimum Temperature (right) in Benguela, at Historical, Near-term and Mid-
Century periods. 
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 Predicted change in Mean Temperature in Benguela 
Average monthly mean temperature (Tmean) changes in Benguela for the NT 2030 indicate an increase of ~1 °C, from ~23 to ~24 °C during the summer months 
of December, January, and February. A similar increase of ~1 °C is observed during the winter months of June, July, and August from ~20 to ~21 °C.  
 

  
Figure 15. Average monthly anomalies in Mean Temperature (left) and average monthly Mean Temperature (right) in Benguela, at Historical, Near-term and Mid-Century 
periods. 
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  Predicted change in Mean Precipitation in Benguela  
 
The rainy season in Benguela begins in October and ends in April, peaking in March.  Mean monthly precipitation illustrates a substantial increase from February 
to March and decreases drastically from the end of March to April. Results for change in mean monthly precipitation within the rainy season in Benguela predict 
a small increase from 995 mm (Historical), 1005 mm (NT 2030), to 1050 mm (Mid-Century 2050). 
 

  
Figure 16. Average monthly anomalies in Mean Monthly Precipitation (left) and average Mean Monthly Precipitation (right) in Benguela, at Historical, Near-term and Mid-
Century periods. 
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 3.2.b Predicted monthly changes in precipitation and temperature in Bié in thŜ ǇŜǊƛƻŘ ŦǊƻƳ Ψ.ŀǎŜƭƛƴŜΩ ǘƻ ΨaƛŘ-/ŜƴǘǳǊȅ нлрлΩ ǘƛƳŜǇƻƛƴǘǎ 
Tmin in the province of Bié is projected to increase by ~1 °C during the summer months of December, January, February, and March from ~15.5 TO ~16.5 °C 
ŘǳǊƛƴƎ ǘƘŜ ǇŜǊƛƻŘ ŦǊƻƳ Ψ.ŀǎŜƭƛƴŜΩ ǘƻ Ψb¢ нлолΩ ǘƛƳŜǇƻƛƴǘǎΦ {ƛƳƛƭŀǊƭȅ ƛǘ ƛǎ ǇǊŜŘƛŎǘŜŘ ǘƘŀǘ ŘǳǊƛƴƎ ǘƘŜ ǇŜǊƛƻŘ ŦǊƻƳ Ψ.ŀǎŜƭƛƴŜΩ ǘƻ нлол Tmin will increase during the 
winter months of June, and July project from ~7 to ~8 °C, as well as a ~1 °C increase during the month of August from ~9.5 to ~10.5 °C.  
 

  
Figure 17. Average monthly anomalies in Minimum Temperature (left) and average monthly Minimum Temperature (right) in Bié, at Historical, Near-term and Mid-Century 
periods. 

  



 

32 
 

 Predicted change in Mean Temperature in Bié 
Projections for Tmean ŀǘ ǘƛƳŜ ǇŜǊƛƻŘ Ψb¢ нлолΩ ǎǳƎƎŜǎǘ ŀƴ ƛƴŎǊŜŀǎŜ ƻŦ Ϥм ϲ/ ŘǳǊƛƴƎ ǘƘŜ ǎǳƳƳŜǊ ƳƻƴǘƘǎ ƻŦ 5ŜŎŜƳōŜǊ ǘƻ aŀǊŎƘ ŦǊƻƳ Ϥнм ǘƻ Ϥнн ϲ/Φ ¢ƘŜ ǿinter 
months of June, July, and August illustrate a similar increase of ~1 °C, June and July increasing from ~16.5 to ~17.5 °C, and August increasing from ~19 to ~20 
°C.  
 

  
Figure 18. Average monthly anomalies in Mean Temperature (left) and average monthly Mean Temperature (right) in Bié, at Historical, Near-term and Mid-Century periods. 
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 Predicted change in Mean Precipitation in Bié 
Lǘ ƛǎ ǇǊŜŘƛŎǘŜŘ ǘƘŀǘ ƳŜŀƴ ƳƻƴǘƘƭȅ ǇǊŜŎƛǇƛǘŀǘƛƻƴ ǿƛƭƭ ƴƻǘ ŎƘŀƴƎŜ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ŘǳǊƛƴƎ ǘƘŜ ǇŜǊƛƻŘ ŦǊƻƳ Ψ.ŀǎŜƭƛƴŜΩ ǘƻ Ψb¢ нлолΩ ŀƴŘ Ψa/ нлрлΩ ǘƛƳŜǇƻƛƴǘǎΦ ¢ƘŜ Ǌŀƛƴȅ 
season in Bié begins in October and ends in April, peaking in March. Cumulative precipitation projections for the rainy season illustrate a small increase from 
1225 mm (Historical) to 1240mm for NT 2030, and MC 2050 projections. 
 

  
Figure 19. Average monthly anomalies in Mean Monthly Precipitation (left) and average Mean Monthly Precipitation (right) in Bié, at Historical, Near-term and Mid-Century 
periods. 
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 3ΦнΦŎ tǊŜŘƛŎǘŜŘ ƳƻƴǘƘƭȅ ŎƘŀƴƎŜǎ ƛƴ ǇǊŜŎƛǇƛǘŀǘƛƻƴ ŀƴŘ ǘŜƳǇŜǊŀǘǳǊŜ ƛƴ /ǳŀƴȊŀ {ǳƭ ƛƴ ǘƘŜ ǇŜǊƛƻŘ ŦǊƻƳ Ψ.ŀǎŜƭƛƴŜΩ ǘƻ ΨaƛŘ-Centurȅ нлрлΩ ǘƛƳŜǇƻƛƴǘǎ 
In the province of Cuanza Sul, Tmin is predicted to increase by ~1 °C ~17 to ~18 °C during the summer months of December, January, February, and March by 
2030 compared to baseline year. It is also predicted that by 2030, Tmin for the winter months of June and, July will increase by ~1 °C from ~12 to 13 °C. 
 

  
Figure 20. Average monthly anomalies in Minimum Temperature (left) and average monthly Minimum Temperature (right) in Cuanza Sul, at Historical, Near-term and Mid-
Century periods. 
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 Predicted change in Mean Temperature in Cuanza Sul 
Tmean projections for NT 2030 suggest a ~1 °C increase during the summer months of December, January, February and March, from ~22 to ~23 °C. The Tmean 
for the winter months of June and July are predicted to increase by ~1 °C from ~19 to ~20 °C, as well as a ~1 °C increase in August from ~20 to ~21 °C, in the 
ǇŜǊƛƻŘ ŦǊƻƳ Ψ.ŀǎŜƭƛƴŜΩ ǘƻ Ψb¢ нлолΩΦ  
 

  
Figure 21. Average monthly anomalies in Mean Temperature (left) and average monthly Mean Temperature (right) in Cuanza Sul, at Historical, Near-term and Mid-Century 
periods. 
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 Predicted change in Mean Precipitation in Cuanza Sul 
The rainy season in Cuanza Sul begins in October and ends in April, peaking in November. Monthly cumulative precipitation projections for the rainy season 
show a small increase from Historical (1005 mm) to NT 2030 (1030 mm) and MC 2050 (1025 mm) projections. 
 

  
Figure 22. Average monthly anomalies in Mean Monthly Precipitation (left) and average Mean Monthly Precipitation (right) in Cuanza Sul, at Historical, Near-term and Mid-
Century periods. 
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 3ΦнΦŘ tǊŜŘƛŎǘŜŘ ƳƻƴǘƘƭȅ ŎƘŀƴƎŜǎ ƛƴ ǇǊŜŎƛǇƛǘŀǘƛƻƴ ŀƴŘ ǘŜƳǇŜǊŀǘǳǊŜ ƛƴ IǳŀƳōƻ ƛƴ ǘƘŜ ǇŜǊƛƻŘ ŦǊƻƳ Ψ.ŀǎŜƭƛƴŜΩ ǘƻ ΨaƛŘ-/ŜƴǘǳǊȅ нлрлΩ ǘƛƳŜǇƻƛƴǘǎ 
It is predicted that Tmin ƛƴ ǘƘŜ ǇǊƻǾƛƴŎŜ ƻŦ IǳŀƳōƻ ǿƛƭƭ ƛƴŎǊŜŀǎŜ ŘǳǊƛƴƎ ǘƘŜ ǇŜǊƛƻŘ ŦǊƻƳ Ψ.ŀǎŜƭƛƴŜΩ ǘƻ Ψb¢ нлолΩ ǘƛƳŜǇƻƛƴǘǎ ōȅ Ϥм ϲ/ ŘǳǊƛƴƎ ǘƘŜ ǎǳƳƳŜǊ months 
of December, January, February, and March from ~14.5 TO ~15.5 °C. It is furthermore predicted that Tmin will increase during winter months in the period 
ŦǊƻƳ Ψ.ŀǎŜƭƛƴŜΩ ǘƻ Ψb¢ нлолΩ ς an increase of ~1 °C from ~8 to ~9 °C are predicted in June and July, and an increase from ~10 to 11°C in the month of August. 
 

  
Figure 23. Average monthly anomalies in Minimum Temperature (left) and average monthly Minimum Temperature (right) in Huambo, at Historical, Near-term and Mid-Century 
periods. 
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 Predicted change in Mean Temperature in Huambo 
Similar to Tmin (described above), the mean temperature (Tmean) is also predicted to increase in the period from baseline to NT 2030 by ~1 °C for the 
summer months of December, January, February, and March from ~19.5 to ~20.5 °C. Tmean for the winter months of June, July, and August is predicted to 
ƛƴŎǊŜŀǎŜ ōȅ Ϥм ϲ/ ƛƴ ǘƘŜ ǇŜǊƛƻŘ ŦǊƻƳ Ψ.ŀǎŜƭƛƴŜΩ ǘƻ Ψb¢ нлолΩΣ ŦǊƻƳ Ϥмс ǘƻ Ϥмт ϲ/ ƛƴ WǳƴŜΣ ϤмсΦр ǘƻ ϤмтΦр ϲ/ ƛƴ WǳƭȅΣ ŀƴŘ ϤмуΦ5 to ~19.5 °C in the month of 
August. 
 

  
Figure 24. Average monthly anomalies in Mean Temperature (left) and average monthly Mean Temperature (right) in Huambo, at Historical, Near-term and Mid-Century 
periods. 
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 Predicted change in Mean Precipitation in Huambo 
The rainy season in Huambo begins in October and ends in April. Monthly cumulative precipitation projections for the rainy season illustrate a small increase 
in rainfall from 1230 mm (Historical) to 1270 mm (NT 2030), and 1325 mm for MC 2050. 
 

  
Figure 25. Average monthly anomalies in Mean Monthly Precipitation (left) and average Mean Monthly Precipitation (right) in Huambo, at Historical, Near-term and Mid-Century 
periods. 
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 3.2.e Predicted monthly changes in precipitation and temperature in Huíla ƛƴ ǘƘŜ ǇŜǊƛƻŘ ŦǊƻƳ Ψ.ŀǎŜƭƛƴŜΩ ǘƻ ΨaƛŘ-/ŜƴǘǳǊȅ нлрлΩ timepoints 
 
The province of Huíla is predicted to experience an increase of ~1 °C in Tmin ŘǳǊƛƴƎ ǘƘŜ ǇŜǊƛƻŘ ŦǊƻƳ Ψ.ŀǎŜƭƛƴŜΩ ǘƻ Ψb¢ нлолΩ ƛƴ ǘƘŜ ǎǳƳƳŜǊ ƳƻƴǘƘǎ ƻŦ 5ŜŎŜƳōŜǊΣ 
January, February, and March, increasing from ~15.5 to ~16.5 °C. A similar ~1 °C increase in Tmin ƛǎ ǇǊŜŘƛŎǘŜŘ ŦƻǊ ǘƘŜ ǘƛƳŜǇƻƛƴǘ Ψb¢ нлолΩ ŘǳǊƛƴƎ ǘƘŜ ǿƛƴǘŜǊ ƻŦ 
months of June, July, and August ς Tmin is predicted to increase from ~7 to ~8 °C in June and July and 9.5 to 10.5 °C for the month of August by the year 2030. 
 

  
Figure 26. Average monthly anomalies in Minimum Temperature (left) and average monthly Minimum Temperature (right) in Huíla, at Historical, Near-term and Mid-Century 
periods. 
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 Predicted change in Mean Temperature in Huíla 
Mean temperature (Tmeanύ ƛǎ ŜȄǇŜŎǘŜŘ ǘƻ ƛƴŎǊŜŀǎŜ ŘǳǊƛƴƎ ǘƘŜ ǇŜǊƛƻŘ ŦǊƻƳ Ψ.ŀǎŜƭƛƴŜΩ ǘƻ Ψb¢ нлолΩ ƛƴŎƭǳŘƛƴƎ ŀƴ ƛƴŎǊŜŀǎŜ ƻŦ Ϥмϲ/ ŦƻǊ ǘƘŜ ǎǳƳƳŜǊ ƳƻƴǘƘǎ of 
December (~22 to~23 °C), January (~21.5 to ~22.5 °C), and February (~21.5 to ~22.5 °C) 

  
Figure 27. Average monthly anomalies in Mean Temperature (left) and average monthly Mean Temperature (right) in Huíla, at Historical, Near-term and Mid-Century periods. 
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 Predicted change in Mean Precipitation in Huíla 
The rainy season in Huíla begins in October and ends in April, peaking in March. Monthly cumulative precipitation projections for rain fall decrease slightly (by 
~15 mm) from Historical (885 mm) to NT 2030 (870 mm) timepoints, and then increase to 930 mm by the year 2050. 
 

  
Figure 28. Average monthly anomalies in Mean Monthly Precipitation (left) and average Mean Monthly Precipitation (right) in Huíla, at Historical, Near-term and Mid-Century 
periods. 
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3.2.f Predicted monthly changes in precipitation and temperature in MalanjŜ ƛƴ ǘƘŜ ǇŜǊƛƻŘ ŦǊƻƳ Ψ.ŀǎŜƭƛƴŜΩ ǘƻ ΨaƛŘ-/ŜƴǘǳǊȅ нлрлΩ ǘƛƳŜǇƻƛƴǘǎ 
 
The province of Malanje is predicted to experience increased temperatures (measured by Minimum Temperature, Tmin, and Mean Temperature, Tmean, 
respectively) as a result of climate change durƛƴƎ ǘƘŜ ǇŜǊƛƻŘ ŦǊƻƳ Ψ.ŀǎŜƭƛƴŜΩ ǘƻ Ψb¢ нлолΩ ŀƴŘ Ψa/ нлрлΩ ǘƛƳŜǇƻƛƴǘΦ tǊƻƧŜŎǘŜŘ Tmin changes in Malanje indicate 
an increase of ~1 °C increase during the summer months of December, January, February, and March from ~16.5 to ~17.5 °C. Tmin is predicted to increase by 
a similar margin of ~1 °C during the winter months of June (~10.5 to ~11.5 °C), July (`10.5 to ~11.5 °C), and August (~12.5 to ~13.5 °C) during the period from 
Ψ.ŀǎŜƭƛƴŜΩ Ψb¢ нлолΩΦ 
 

  
Figure 29. Average monthly anomalies in Minimum Temperature (left) and average monthly Minimum Temperature (right) in Malanje, at Historical, Near-term and Mid-Century 
periods. 
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 Predicted change in Mean Temperature in Malanje 
The increase in mean temperature (Tmean) during the period froƳ Ψ.ŀǎŜƭƛƴŜΩ ǘƻ Ψb¢ нлолΩ ƛǎ ǇǊŜŘƛŎǘŜŘ ǘƻ ōŜ Ϥм ϲ/ ŦƻǊ ǘƘŜ ǎǳƳƳŜǊ ƳƻƴǘƘǎ ƻŦ 5ŜŎŜƳōŜǊΣ 
January, February, March (increasing from ~22 to ~23 °C). Projections for change in Tmean for NT 2030 show an increase of ~1 °C for the winter months of June 
(~19.5 to ~20.5 °C), July (~19.5 to ~20.5 °C), and August (~21 to ~22 °C). 
 

  
Figure 30. Average monthly anomalies in Mean Temperature (left) and average monthly Mean Temperature (right) in Malanje, at Historical, Near-term and Mid-Century periods. 
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 Predicted change in Mean Precipitation in Malanje 
The rainy season in Malanje begins in October and ends in April, peaking in November. Monthly cumulative precipitation projections for precipitation indicate 
an increase from 1165 mm (Historical) to 1195 (NT 2030), and a decrease to 1175 mm by 2050. 
 

  
Figure 31. Average monthly anomalies in Mean Monthly Precipitation (left) and average Mean Monthly Precipitation (right) in Malanje, at Historical, Near-term and Mid-Century 
periods.
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4. Modelled crop suitability 
Chapter 3, above, summarises the annual climatic variability within and between the studied provinces. 
The following chapter will summarise the predicted spatial variation of crop suitability within each of 
the studied provinces ŘǳǊƛƴƎ ǘƘŜ Ψ.ŀǎŜƭƛƴŜΩΣ ΨbŜŀǊ ¢ŜǊƳ нлолΩ ŀƴŘ ΨaƛŘ /ŜƴǘǳǊȅ нлрлΩ ǘƛƳŜ ǇŜǊƛƻŘǎΦ 
!ƴŀƭȅǎŜǎ ǿŜǊŜ ƎŜƴŜǊŀǘŜŘ ǳǎƛƴƎ ǘƘŜ CƻƻŘ ŀƴŘ !ƎǊƛŎǳƭǘǳǊŜ hǊƎŀƴƛǎŀǘƛƻƴΩǎ 9Ŏƻ/ǊƻǇ {ǳƛǘŀōƛƭƛǘȅ ƳƻŘŜƭ3  
 
Ecocrop allows for the modelling of the potential suitability of over 1,000 crops, based on inputs of 
environmental information such as mean monthly precipitation and monthly minimum, mean and 
maximum temperatures. The EcoCrop model is relatively fast and easy to simulate and is therefore 
preferred for modelling of suitability at high spatial resolutions. The EcoCrop model estimates the 
suitability of a given crop to the defined environmental conditions based on the known preferences of 
each crop, such as: i) minimum, optimum and maximum temperature; ii) minimum, optimum and 
maximum monthly rainfall; and iii) minimum and maximum growing period. Therefore, EcoCrop defines 
the area of suitability for a given crop based on whether there are adequate climatic conditions 
(temperature and precipitation) within an adequate growing season, and calculates the climatic 
suitability of the resulting interaction between rainfall and temperature. Appendix 1 provides a 
summary of the EcoCrop definitions used for all crops in this analysis.  
 
It should be emphasised that no further calibration or validation of EcoCrop analyses have been carried 
out in support of this study and that results should be considered as indicative guidelines that require 
additional groundtruthing. The approach used to describe and visualise the spatial and temporal 
distribution of crop suitability includes the use of: 

i) map-based visualisations of crop suitability zones across the entire study area, and  
ii) histogram graph visualisations of the distribution of crop suitability categories within each 

province. 
 
The use of colour-coded maps to depict the distribution of each category of crop suitability provides a 
visual demonstration of the distribution of crop suitability categories at each time period. In addition, 
ǘƘŜ ŎƻƳǇŀǊƛǎƻƴ ƻŦ ōŀǎŜƭƛƴŜ ŀƴŘ Ψa/нлрлΩ ƳŀǇǎ ƻŦ ŎǊƻǇ Řƛstribution supports the identification of 
specific areas which are likely to undergo positive or negative changes in crop suitability. 
 
The histogram graph visualisations are based on the arrangement of ΨŎǊƻǇ ǎǳƛǘŀōƛƭƛǘȅ ƛƴŘŜȄΩ ǎŎƻǊŜǎ ƛƴǘƻ 
discrete categorƛŜǎ ƻŦ ǎǳƛǘŀōƛƭƛǘȅΣ ƴŀƳŜƭȅ άŜȄŎŜƭƭŜƴǘέ ό{ǳƛǘŀōƛƭƛǘȅ LƴŘŜȄ ǎŎƻǊŜ ƻŦ лΦфςмύΣ άƘƛƎƘƭȅ ǎǳƛǘŀōƭŜέ 
(score of 0.7ςлΦфύΣ άǎǳƛǘŀōƭŜέ όǎŎƻǊŜ ƻŦ лΦрςлΦтύΣ άƳŀǊƎƛƴŀƭƭȅ ǎǳƛǘŀōƭŜέ όǎŎƻǊŜ ƻŦ лΦоςлΦрύΣ άǾŜǊȅ 
ƳŀǊƎƛƴŀƭƭȅ ǎǳƛǘŀōƭŜέ όǎŎƻǊŜ ƻŦ лΦмςлΦоύ ŀƴŘ άǳƴǎǳƛǘŜŘέ όǎŎƻǊŜ ƻŦ 0ς0.1). As a result of the assignment of 
these categories, the proportional and absolute spatial extent of each category of crop suitability can 
be estimated in each province ŦƻǊ ŜŀŎƘ ƻŦ ǘƘŜ ǘƛƳŜ ǇŜǊƛƻŘǎ όΨōŀǎŜƭƛƴŜΩΣ Ψb¢нлолΩ ŀƴŘ Ψa/нлрлΩΣ 
respectively). 9ŀŎƘ ƻŦ ǘƘŜ ǎƛȄ ŎŀǘŜƎƻǊƛŜǎ ƻŦ ŎǊƻǇ ǎǳƛǘŀōƛƭƛǘȅ όǊŀƴƎƛƴƎ ŦǊƻƳ άǳƴǎǳƛǘŜŘέ ǘƻ άŜȄŎŜƭƭŜƴǘέ 
suitability) are depicted visually through the assignment of a colour code, ranging from dark and light 
ƎǊŜŜƴ όάŜȄŎŜƭƭŜƴǘέ ŀƴŘ άƘƛƎƘέ ǎǳƛǘŀōƛƭƛǘȅΣ ǊŜǎǇŜŎǘƛǾŜƭȅύΣ ȅŜƭƭƻǿ ŀƴŘ ƻǊŀƴƎŜ όάǎǳƛǘŀōƭŜέ ŀƴŘ άƳŀǊƎƛƴŀƭƭȅ 
ǎǳƛǘŀōƭŜέΣ ǊŜǎǇŜŎǘƛǾŜƭȅύΣ ǘƻ Ǉƛƴƪ ŀƴŘ ƎǊŜȅ όάǾŜǊȅ ƳŀǊƎƛƴŀƭέ ŀƴŘ άƴƻǘ ǎǳƛǘŜŘέΣ ǊŜǎǇŜŎǘƛǾŜƭȅύΦ  
 
To assist in the interpretation of crop suitability maps and graphs presented in the sub-chapters below, 
an example of each is presented and discussed in Figures 32 and 33, below.  
 

                                                           
3http://ecocrop.fao.org/ecocrop/srv/en/home 
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Figure 32. Example demonstration of monthly variability in crop suitability index scores within a single province. 

 
Figure 32, above, can be considered a hypothetical example of seasonal variation in crop suitability 
index scores within a single province (or study area). The Y-axis indicates the 12 months of the year, 
from January to December. The X-axis depicts the spatial proportion of the hypothetical province 
covered ōȅ ŜŀŎƘ ǊŜǎǇŜŎǘƛǾŜ ŎŀǘŜƎƻǊȅ ƻŦ ŎǊƻǇ ǎǳƛǘŀōƛƭƛǘȅ όƛΦŜΦ ǿƘŜǊŜ Ψмлл҈Ω ƛƴŘƛŎŀǘŜǎ ǘƘŜ ŜƴǘƛǊŜ ǎǇŀǘƛŀƭ 
extent of the province). The relative size of each coloured bar is proportional to the geographic extent 
of the corresponding category of crop suitability.  
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Figure 33. Example demonstration of spatial variability in crop suitability index scores. 

Figure 33, above, is an alternative approach to depicting the data presented in Figure 32, where the 
relative proportion of each colour-shaded area indicates the spatial extent of each corresponding 
category of crop suitability. The same approach and specific categories of crop suitability scores are 
adopted in each of the crop-specific analyses described in the following chapters, below. 
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4.1 Impact of climate change on spatial distribution of areas suitable for production of cassava (Manihot 
esculenta) 
 
Figure 34, below, summarise the historical (baseline) and future (mid-century 2050) suitability of the 
six pilot provinces (Bié, Benguela, Cuanza Sul, Huambo, Huíla and Malanje) for production of cassava in 
the months from September to February. In addition to the baseline and future distribution of crop 
suitability zones, the figures below also illustrate the anomalies (i.e. the absolute changes in suitability 
at any given location) between the baseline and future time periods. 
 
In the case of cassava, the main effect of climate change is to increase the distribution and spatial extent 
of crop suitability in the interior of Benguela, Cuanza Sul, Huambo and Malanje. This net positive change 
in crop suitability primarily occurs in the interior highlands above the coastal escarpment of the latter 
provinces, stretching northward from the border of Huambo and Benguela, through Cuanza Sul and 
northwards into Malanje. This trend is generally consistent and unchanged throughout the summer 
months from October onwards. The exception to this trend is the month of September, for which 
month EcoCrop analyses predict a significant increase in suitable areas across all provinces. As this 
result is not consistent during the subsequent months after the onset of the rainy season in October, 
this result is suggested to be anomalous. 
 
As noted during the Preliminary Climate Risk Analysis (PCRA), the provinces of Huambo, Huíla and Bié 
are broadly unsuitable for cassava production, even with the effect of climate change. The provincial 
changes in suitability for cassava production in the period from Baseline to Mid-Century 2050 are 
discussed further below. 
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Figure 344. 5ƛǎǘǊƛōǳǘƛƻƴ ŀƴŘ ŎƘŀƴƎŜǎ ǘƻ ǎǳƛǘŀōƛƭƛǘȅ ŦƻǊ ŎŀǎǎŀǾŀ ǇǊƻŘǳŎǘƛƻƴ ƛƴ ǘƘŜ ΨōŀǎŜƭƛƴŜΩ όƭŜŦǘύ ŀƴŘ ΨƳƛŘ-century 

нлрлΩ όǊƛƎƘǘύ ǎŎŜƴŀǊƛƻ ƛƴ ǘƘŜ ƳƻƴǘƘǎ ƻŦ {ŜǇǘŜƳōŜǊ ǘƻ CŜōǊǳŀǊȅ  
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4.1.a Impact of climate change on production of cassava (Manihot esculenta) in Benguela 
 

 
Figure 35. Mean suitability changes of Cassava (Manihot esculenta) in Benguela 

 
During the month of October (the onset of the rainy season) the total area suitable for growing Cassava 
in BenguŜƭŀ ƛǎ ǇǊƻƧŜŎǘŜŘ ǘƻ ƛƴŎǊŜŀǎŜ ŦǊƻƳ Ψ.ŀǎŜƭƛƴŜΩ ǘƻ Ψa/ нлрлΩ ǘƛƳŜǇƻƛƴǘǎΦ ¢ƘŜ ǘƻǘŀƭ ǇǊƻǾƛƴŎƛŀƭ 
increase in suitability for cassava production can be attributed to an increase in the extent of areas 
ŎƻƴǎƛŘŜǊŜŘ ΨŜȄŎŜƭƭŜƴǘΩΦ ¢ƘŜ ǘƻǘŀƭ ǎǇŀǘƛŀƭ ŀǊŜŀ ƻŦ ǎǳƛǘŀōƛƭƛǘȅ is greatest during the winter months from 
June to September. The spatial and total area suitability of Benguela for cassava remains generally 
consistent during the rainy season from October to April. The total extent of cassava-suitable areas is 
largest during the month of August, during which month there is predicted to be an increase in the 
ŜȄǘŜƴǘ ƻŦ ŀǊŜŀǎ ŎƻƴǎƛŘŜǊŜŘ ǘƻ ōŜ ΨŜȄŎŜƭƭŜƴǘΩ ōŜǘǿŜŜƴ ǘƘŜ ΨIƛǎǘƻǊƛŎŀƭΩ ŀƴŘ Ψa/ нлрлΩ ǇǊƻƧŜŎǘƛƻƴǎΦ ¢Ƙƛǎ 
projected increase in crop suitability could be a result of the projected increase in Tmean from ~20 
όΨ.ŀǎŜƭƛƴŜΩύ ǘƻ нмΦр °/ όΨb¢ нлолΩΣ Ψa/ нлрлΩύΣ ǿƘŜǊŜ ŎŀǎǎŀǾŀ Ƙŀǎ ŀƴ ƻǇǘƛƳǳƳ ƎǊƻǿǘƘ ǘŜƳǇŜǊŀǘǳǊŜ 
ranging from ~20 to ~29 °C.  
 
As demonstrated in Figure 34, the increase of suitable areas in Benguela for production of cassava 
primarily occurs in the mid- and high-altitude interior of the province, stretching from the interior of 
Benguela northwards into Cuanza Sul and Malanje. 
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4.1.b Impact of climate change on production of cassava (Manihot esculenta) in Bié 

 
Figure 36. Mean suitability changes of Cassava (Manihot esculenta) in Bié 

 
5ǳǊƛƴƎ hŎǘƻōŜǊΣ Ψ.ŀǎŜƭƛƴŜΩ ŀƴŘ Ψb¢ нлолΩ ǘƛƳŜ Ǉƻƛƴǘǎ ƛƭƭǳǎǘǊŀǘŜ ȊŜǊƻ ǎǳƛǘŀōƛƭƛǘȅ ŦƻǊ ǘƘŜ ƎǊƻǿǘƘ ƻŦ ŎŀǎǎŀǾŀ 
in Bié, making the province currently unsuitable for the production of cassava. HoweveǊΣ Ψa/ нлрлΩ 
ǇǊƻƧŜŎǘƛƻƴǎ ƛƭƭǳǎǘǊŀǘŜ ǘƘŀǘ ŀ ǎƳŀƭƭ ŀǊŜŀ ƻŦ .ƛŞ ǿƛƭƭ ōŜŎƻƳŜ ΨŜȄŎŜƭƭŜƴǘΩ ƻǊ ΨǾŜǊȅ ǎǳƛǘŀōƭŜΩ ŦƻǊ ǘƘŜ ŎǳƭǘƛǾŀǘƛƻƴ 
of cassava. These areas of increased suitability for cassava primarily occur in the north-east of the 
province, along the provincial border with Malanje. The projected marginal increases in areas of 
ΨŜȄŎŜƭƭŜƴǘΩ ŎƻǳƭŘ ōŜ ŀǘǘǊƛōǳǘŜŘ ǘƻ ŀ Ϥм °/ ƛƴŎǊŜŀǎŜ ƛƴ ¢ƳŜŀƴ ŦǊƻƳ Ϥнн όΨ.ŀǎŜƭƛƴŜΩύ ǘƻ Ϥно °C. The total 
area suitability of Bié for cassava remains generally consistent throughout the rainy season from 
October to April. The total extent of cassava-suitable areas is greatest during the month of September, 
during which month there is predicted to be a considerable increase in the extent of areas considered 
ΨŜȄŎŜƭƭŜƴǘΩ ŀƴŘ ΨǾŜǊȅ ǎǳƛǘŀōƭŜΩ ŦǊƻƳ Ψ.ŀǎŜƭƛƴŜΩ ǘƻ Ψa/ нлрлΩ ǘƛƳŜ ǇƻƛƴǘǎΦ 
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4.1.c Impact of climate change on production of cassava (Manihot esculenta) in Cuanza Sul 
 

 
Figure 36. Mean suitability changes of Cassava (Manihot esculenta) in Cuanza Sul 

 
During the month of October (considered to be the onset of the rainy season) the total area suitable 
ŦƻǊ ƎǊƻǿƛƴƎ ŎŀǎǎŀǾŀ ƛƴ /ǳŀƴȊŀ {ǳƭ ƛǎ ǇǊŜŘƛŎǘŜŘ ǘƻ ƛƴŎǊŜŀǎŜ ŎƻƴǎƛŘŜǊŀōƭȅ ŦǊƻƳ Ψ.ŀǎŜƭƛƴŜΩ ǘƻ Ψa/ нлрлΩ 
time points. The total provincial increase in suitability for cassava production can be attributed to an 
ƛƴŎǊŜŀǎŜ ƛƴ ǘƘŜ ŜȄǘŜƴǘ ƻŦ ŀǊŜŀǎ ŎƻƴǎƛŘŜǊŜŘ ΨŜȄŎŜƭƭŜƴǘΩ ŀƴŘ ΨǾŜǊȅ ǎǳƛǘŀōƭŜΩΦ ¢ƘŜ ǘƻǘŀƭ ŀǊŜŀ ǎǳƛǘŀōƛƭƛǘȅ ŦƻǊ 
cassava in Cuanza Sul is predicted to remain generally consistent throughout the rainy season from 
October to April and throughout the dry winter period from May to July. The predicted increases in 
suitability primarily occur in the central and eastern interior highlands of the province, stretching 
northwards from Benguela to Malanje. Surprisingly, the total extent of cassava-suitable areas is largest 
during the months of August and September, during which period there is predicted to be an increase 
ƛƴ ǘƘŜ ŜȄǘŜƴǘ ƻŦ ŀǊŜŀǎ ŎƻƴǎƛŘŜǊŜŘ ΨŜȄŎŜƭƭŜƴǘΩ ōŜǘǿŜŜƴ ǘƘŜ Ψ.ŀǎŜƭƛƴŜΩ ŀƴŘ Ψa/ нлрлΩ  ǘƛƳŜ ǇƻƛƴǘǎΦ ¢Ƙƛǎ 
projected increase in crop suitability could be attributed to the projected increase in Tmean from ~20 
όΨ.ŀǎŜƭƛƴŜΩύ ǘƻ нм °/ όΨb¢ нлолΩΣ Ψa/ нлрлΩύΣ ǿƘŜǊŜ ŎŀǎǎŀǾŀ Ƙŀǎ ŀƴ ƻǇǘƛƳǳƳ ƎǊƻǿǘƘ ǘŜƳǇŜǊŀǘǳǊŜ 
between ~20 to ~29 °C. However, this unexpected increase in spatial extent of suitability during August 
and September could be anomalous and is unlikely to reflect real-life crop responses to field conditions 
as rainfall in the aforementioned months would be inadequate to support crop establishment.  
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The geospatial distribution of crop suitability index scores for cassava during the baseline and mid-
century periods, as well as the relative changes (anomalies) in crop suitability between these time 
periods, are summarised in Figure 34. As the latter maps illustrate, the overall increase of suitable areas 
in Cuanza Sul for production of cassava appears to occur in the mid- and high-altitude interior of the 
province, stretching from the interior of Benguela northwards into Cuanza Sul and Malanje.  
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4.1.d Impact of climate change on production of cassava (Manihot esculenta) in Huambo 

 
Figure 37. Mean suitability changes of Cassava (Manihot esculenta) in Huambo 

 
In the baseline scenario, Huambo is generally considered to be unsuitable for cassava production, 
except for a very small area that is predicted to have ΨŜȄŎŜƭƭŜƴǘΩ ǎǳƛǘŀōƛƭƛǘȅ ƛƴ ǘƘŜ ƳƻƴǘƘǎ ƻŦ !ǳƎǳǎǘ ŀƴŘ 
September. At the onset of the rainy season in October, EcoCrop analyses predict that Huambo is totally 
ǳƴǎǳƛǘŀōƭŜ ŦƻǊ ŎŀǎǎŀǾŀ ŀǘ Ψ.ŀǎŜƭƛƴŜΩ ŀƴŘ Ψb¢ нлолΩ ǘƛƳŜ ǇƻƛƴǘǎΣ ƛƴŘƛŎŀǘƛƴƎ ǘƘŀǘ ǘƘŜ ǇǊƻǾƛƴŎŜ ƛǎ ǳƴǎǳitable 
for cultivation of cassava in the present and near-future. However, a predicted increase in the area of 
ǎǳƛǘŀōƛƭƛǘȅ ŦƻǊ ŎŀǎǎŀǾŀ ƛƴ IǳŀƳōƻ ƛǎ ƻōǎŜǊǾŜŘ ŘǳǊƛƴƎ ǘƘŜ Ψ.ŀǎŜƭƛƴŜΩ ǘƻ Ψa/ нлрлΩ ǇŜǊƛƻŘΣ ƛƴŎƭǳŘƛƴƎ ŘǳǊƛƴƎ 
the onset of the rainy season in OctobeǊΦ  Ψa/ нлрлΩ ǇǊƻƧŜŎǘƛƻƴǎ ǎǳƎƎŜǎǘ ǘƘŀǘ ŀ ǎƳŀƭƭ ŀǊŜŀ ƻŦ IǳŀƳōƻ 
ǿƛƭƭ ōŜŎƻƳŜ ΨǾŜǊȅ ǎǳƛǘŀōƭŜΩ ƻǊ ŜǾŜƴ ΨŜȄŎŜƭƭŜƴǘΩ ŦƻǊ ŎǳƭǘƛǾŀǘƛƻƴ ƻŦ ŎŀǎǎŀǾŀΦ This predicted increase in 
suitable area is consistent through all months of the year, with the exception of August and September 
which indicate considerably larger increases in suitability ς the latter two months are suggested to be 
anomalous and should be disregarded, considering that cultivation is unlikely to be practical in these 
months as a result of the relatively low monthly rainfall which is unlikely to be adequate for 
establishment of crops The predicted increase in suitability could be attributed to a warmer climate as 
an increase of ~0.5 ϲ/ ƛƴ ¢ƳŜŀƴ ƛǎ ǇǊŜŘƛŎǘŜŘ ŦƻǊ Ψa/ нлрлΩΣ ǇŀǊǘƛŎǳƭŀǊƭȅ ŘǳǊƛƴƎ ǘƘŜ ƭŀǘŜ ǿƛƴǘŜr and early 
summer months months. 
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4.1.e Impact of climate change on production of cassava (Manihot esculenta) in Huíla 

 
Figure 38. Mean suitability changes of Cassava (Manihot esculenta) in Huíla 

 
In general, the majority of Huíla province is unsuitable for cassava production in the baseline and future 
(mid-century) scenarios. During the month of October (the onset of the rainy season) the total area of 
ǎǳƛǘŀōƛƭƛǘȅ ŦƻǊ ŎŀǎǎŀǾŀ ǇǊƻŘǳŎǘƛƻƴ ƛƴ IǳƝƭŀ ƛǎ ǇǊŜŘƛŎǘŜŘ ǘƻ ƛƴŎǊŜŀǎŜ ǎƭƛƎƘǘƭȅ ŦǊƻƳ Ψ.ŀǎŜƭƛƴŜΩ ǘƻ Ψa/ нлрлΩ 
ǘƛƳŜ ǇƻƛƴǘǎΦ ¢ƘŜǊŜ ƛǎ ŀ ƎŜƴŜǊŀƭ ƻǾŜǊŀƭƭ ǇǊƻǾƛƴŎƛŀƭ ƛƴŎǊŜŀǎŜ ƛƴ ǎǳƛǘŀōƛƭƛǘȅ ŦƻǊ ŎŀǎǎŀǾŀ ŦǊƻƳ Ψ.ŀǎŜƭƛƴŜΩ ǘƻ 
Ψa/ нлрлΩ ǘƛƳŜǇƻƛƴǘǎΦ ¢ƘŜ ƎǊŜŀǘŜǎǘ ƻǾŜǊŀƭƭ ƛƴŎǊŜŀǎŜ ƛƴ ǎǳƛǘŀōƛƭƛǘȅ ŦƻǊ /ŀǎǎŀǾŀ ƎǊƻǿǘƘΣ ŀƴŘ ǘƘŜ ƎǊŜŀǘŜǎǘ 
area of suitability overall, is predicted ǘƻ ƻŎŎǳǊ ŘǳǊƛƴƎ ǘƘŜ ƳƻƴǘƘǎ ƻŦ !ǳƎǳǎǘ ŀƴŘ {ŜǇǘŜƳōŜǊ ŀǘ Ψa/ 
нлрлΩ ǘƛƳŜǇƻƛƴǘΦ ¢Ƙƛǎ ǇǊƻƧŜŎǘŜŘ ƛƴŎǊŜŀǎŜ ƛƴ ŎǊƻǇ ǎǳƛǘŀōƛƭƛǘȅ ŎƻǳƭŘ ōŜ ŀ ǊŜǎǳƭǘ ƻŦ ŀƴ ƛƴŎǊŜŀǎŜ ƛƴ ¢ƳŜŀƴ 
ŦǊƻƳ ϤнмΦр ϲ/ όΨ.ŀǎŜƭƛƴŜΩύ ǘƻ ϤннΦр ϲ/ όΨb¢ нлолΩΣ Ψa/ нлрлΩύΣ ǿƘŜǊŜ ǘƘŜ ǇǊŜŘƛŎǘŜŘ ƛƴŎǊŜŀǎŜ ƻŦ Tmean is 
ǎǳŎƘ ǘƘŀǘ {ŜǇǘŜƳōŜǊ нлрл ƛǎ ǇǊŜŘƛŎǘŜŘ ǘƻ ōŜ ŀǎ ǿŀǊƳ ŀǎ ǘƘŜ ΨōŀǎŜƭƛƴŜΩ ¢ƳŜŀƴ ŦƻǊ ǘƘŜ ƳƻƴǘƘ ƻŦ hŎǘƻōŜǊΦ 
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4.1.f Impact of climate change on production of cassava (Manihot esculenta) in Malanje 

 
Figure 39. Mean suitability changes of Cassava (Manihot esculenta) in Malanje 

 
In general, the overall suitability of Malanje for production of cassava is predicted to increase in total 
ŜȄǘŜƴǘ ŘǳǊƛƴƎ ǘƘŜ ǇŜǊƛƻŘ ŦǊƻƳ Ψ.ŀǎŜƭƛƴŜΩ ǘƻ Ψa/ нлрлΩ ǘƛƳŜ ǇƻƛƴǘǎΦ Lƴ ǘƘŜ ōŀǎŜƭƛƴŜ ǎŎŜƴŀǊƛƻΣ 
approximately ¼ of the total provincial area is considered to be suitable for cassava production, while 
the majority of the province is considered to be unsuited. Ecocrop analyses indicate that the extent of 
ΨŜȄŎŜƭƭŜƴǘΩΣ ΨǾŜǊȅ ǎǳƛǘŀōƭŜΩ ŀƴŘ ΨǎǳƛǘŀōƭŜΩ ŀǊŜŀǎ ƛƴ aŀƭŀƴƧŜ ǿƛƭƭ ƛƴŎǊŜŀǎŜ ǎƛƎƴƛficantly from the baseline 
scenario to 2050 ς in the month of October it is predicted that over ½ of the total provincial area will 
ōŜŎƻƳŜ ΨŜȄŎŜƭƭŜƴǘΩ ŦƻǊ ŎŀǎǎŀǾŀ ǇǊƻŘǳŎǘƛƻƴ ōȅ нлрлΦ ¢ƘŜǎŜ ǊŜǎǳƭǘǎ ǎǳƎƎŜǎǘ ǘƘŀǘ aŀƭŀƴƧŜ Ƙŀǎ ǘƘŜ ǇƻǘŜƴǘƛŀƭ 
to become a major cassava production area in the future and that cassava may be an appropriate crop 
to promote as a climate-resilient alternative to other climate-vulnerable staple crops. The predicted 
increases in suitability primarily occur in the central and south-east interior of the province. 
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4.2 Impact of climate change on spatial distribution of areas suitable for production of coffee Coffee, 
Arabica (Coffeea arabica) 
 
The figures below summarise the historical (baseline) and future (mid-century 2050) suitability of the 
six pilot provinces (Bié, Benguela, Cuanza Sul, Huambo, Huíla and Malanje) for production of coffee, C. 
arabica, in the months from September to February. In addition to the baseline and future distribution 
of crop suitability zones, the figures below also illustrate the anomalies (i.e. the absolute changes in 
suitability at any given location) between the baseline and future time periods. 
 
In the case of C. arabica coffee, the main effect of climate change is to increase the distribution and 
spatial extent of crop suitability in the interior of Bié, Cuanza Sul, Huambo and Malanje provinces (and 
to a smaller extent, Benguela province). This net positive change in crop suitability primarily occurs in 
the interior highlands above the coastal escarpment of the latter provinces, stretching northward from 
the border of Huambo and Benguela, through Cuanza Sul and northwards into Malanje. This trend is 
generally consistent and unchanged throughout the summer months from October onwards. The 
exception to this trend is the month of September, for which month EcoCrop analyses predict a 
significant increase in suitable areas across all provinces. As this result is not consistent during the 
subsequent months after the onset of the rainy season in October, this result is suggested to be 
anomalous. Lƴ ƎŜƴŜǊŀƭΣ ƛǘ ƛǎ ǇǊŜŘƛŎǘŜŘ ǘƘŀǘ ōȅ ǘƘŜ Ψa/нлрлΩ ǘƛƳŜǇƻƛƴǘ ŀƭƭ ǇǊƻǾƛƴŎŜǎ ǿƛǘƘ ǘƘŜ ŜȄŎŜǇǘƛƻƴ 
of Huíla will be at least marginally suitable for C. arabica production.  
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Figure 40. Distribution and changes to suitability for Coffeea arabica ǇǊƻŘǳŎǘƛƻƴ ƛƴ ǘƘŜ ΨōŀǎŜƭƛƴŜΩ όƭŜŦǘύ 
ŀƴŘ ΨƳƛŘ-ŎŜƴǘǳǊȅ нлрлΩ όǊƛƎƘǘύ ǎŎŜƴŀǊƛƻ ƛƴ ǘƘŜ ƳƻƴǘƘǎ ƻŦ {ŜǇǘŜƳōŜǊ ǘƻ CŜōǊǳŀǊȅ 
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4.2a Impact of climate change on production of coffee (Coffeea arabica) in Benguela. 

 
Figure 41 Mean suitability changes of Coffee (Coffeea arabica) in Benguela 

 
The total area suitable for growing Coffee (Coffeea arabica) in Benguela is projected to increase slightly 
ŦǊƻƳ Ψ.ŀǎŜƭƛƴŜΩ ǘƻ Ψa/ нлрлΩ ǘƛƳŜ ǇŜǊƛƻŘǎΦ ¢ƘŜ ǘƻǘŀƭ ǇǊƻǾƛƴŎƛŀƭ ǇǊƻƧŜŎǘŜŘ ƛƴŎǊŜŀǎŜ ƛƴ ǎǳƛǘŀōƛƭƛǘȅ ŦƻǊ C. 
arabica ǇǊƻŘǳŎǘƛƻƴ ƛǎ ŎƘŀǊŀŎǘŜǊƛǎŜŘ ōȅ ŀƴ ƛƴŎǊŜŀǎŜ ƛƴ ǘƘŜ ŜȄǘŜƴǘ ƻŦ ŀǊŜŀǎ ŎŀǘŜƎƻǊƛǎŜŘ ŀǎ ΨŜȄŎŜƭƭŜƴǘΩ ŀƴŘ 
ΨǾŜǊȅ ǎǳƛǘŀōƭŜΩ ƛƴ ǘƘŜ ǇŜǊƛƻŘ ŦǊƻƳ ōŀǎŜƭƛƴŜ ǘƻ Ψa/ нлрлΩΦ Maps of baseline and future crop suitability 
(Figure 40, above) indicate that the changes in suitability for C. arabica production primarily occur in 
the central planalto area in a narrow band extending from the eastern interior of Benguela into Huambo 
province, and northwards through Cuanza Sul and Bié provinces towards Malanje. 
 
The total area of suitability of Benguela for C.arabica remains generally consistent during the rainy 
season from October to April. The highest overall production of C. arabica is during the month of 
August. The increase in suitability could be attributed to an increase in Tmean from ~19 to ~21.5 °C 
όΨIƛǎǘƻǊƛŎŀƭΩ ǘƻ Ψa/ нлрлΩύ ŀǎ C. arabica has an optimum temperature between ~20 and ~30 °C. 
However, the overall change in suitability index score is relatively small and as a result is not discernible 
from mapped plots of changes in suitability. 
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4.2b Impact of climate change on production of coffee (Coffeea arabica) in Bié. 

 
Figure 42. Mean suitability changes of Coffee (Coffeea arabica) in Bié 

 
Ecocrop analyses indicate that Bié is entirely unsuitable for the production of Coffee (Coffeea arabica) 
ƛƴ ǘƘŜ Ψ.ŀǎŜƭƛƴŜΩ scenario. However, it is predicted that the extent of suitable areas will increase to just 
over a Ѻ ƻŦ ǘƘŜ ǘƻǘŀƭ ǇǊƻǾƛƴŎƛŀƭ ŀǊŜŀ ōȅ нлрлΣ ōŀǎŜŘ ƻƴ ǘƘŜ ƳƻƴǘƘ ƻŦ hŎǘƻōŜǊ ŀǘ ƻƴǎŜǘ ƻŦ Ǌŀƛƴȅ ǎŜŀǎƻƴΦ 
¢ƘŜ ƳŀƧƻǊƛǘȅ ƻŦ ǘƘŜ ŀǊŜŀǎ ǿƘƛŎƘ ŀǊŜ ǇǊŜŘƛŎǘŜŘ ǘƻ ōŜŎƻƳŜ ǎǳƛǘŀōƭŜ ŀǊŜ ŎŀǘŜƎƻǊƛǎŜŘ ŀǎ ΨǎǳƛǘŀōƭŜΩ ǘƻ 
ΨƳŀǊƎƛƴŀƭΩΣ ǿƘƛƭŜ ǘƘŜ ǊŜƳŀƛƴƛƴƎ ŀǊŜŀ ƻŦ ǎǳƛǘŀōƛƭƛǘȅ ƛƴŎƭǳŘŜǎ ǎƻƳŜ ŀǊŜŀǎ ƻŦ ΨƳŀǊƎƛƴŀƭΩ ŀǎ ǿŜƭƭ ŀǎ ǎƳŀƭƭ 
ŀǊŜŀǎ ƻŦ ΨǾŜǊȅ ǎǳƛǘŀōƭŜΩ ƭŀƴŘ for C. arabica production. The increase in the extent of the aforementioned 
categories could be attributed to a warmer climate, as Tmean in Bié is predicted to increase by ~1 °C 
(~22 to Ϥно ϲ/ύ ŦǊƻƳ Ψ.ŀǎŜƭƛƴŜΩ ǘƻ Ψa/ нлрлΩΦ 
 
In Bié, the location of the predicted increases in suitability for arabica coffee production is restricted to 
the northwestern extent of the province, adjacent to the borders with Cuanza Sul and Malanje 
provinces. The eastern interior of Bié is predicted to remain poorly suited to C. arabica in the baseline 
and future scenarios.  
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4.2c Impact of climate change on production of coffee (Coffeea arabica) in Cuanza Sul. 

 
Figure 43. Mean suitability changes of Coffee (Coffeea arabica) in Cuanza Sul 

 
The total area suitable for growing Coffee (Coffeea arabica) in Cuanza Sul is projected to increase from 
Ψ.ŀǎŜƭƛƴŜΩ ǘƻ Ψa/ нлрл ǘƛƳŜǇƻƛƴǘǎ ŀǎ ŀ ǊŜǎǳƭǘ ƻŦ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΣ ǿƘƛŎƘ ǇǊƛƳŀǊƛƭȅ ƻŎŎǳǊǎ ŀǎ ƛƴŎǊŜŀǎŜǎ ƛƴ 
the proportion of areas considered ΨƳŀǊƎƛƴŀƭΩ ŀƴŘ ΨǎǳƛǘŀōƭŜΩ ōŜǘǿŜŜƴ ǘƘŜ Ψ.ŀǎŜƭƛƴŜΩ ŀƴŘ ŦǳǘǳǊŜ ǘƛƳŜ 
periods. Figure 40 indicates that the predicted changes in suitability for C. arabica production primarily 
occur along a narrow band of the planalto highlands extending from the borders of Benguela and 
Huambo provinces northwards through Cuanza Sul and Bié provinces towards Malanje. In Cuanza Sul 
primarily occur along the northeastern interior of the province, adjacent to the borders shared with Bié 
and Malanje provinces. 
  


















































































































































































































































