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This document is an initial assessment of the implications of climate change for Irish Aid 
activities in N. Zambia. Climate projections from 11 downscaled models for Mansa and 
Mbala are used to provide a summary of climate change in Northern Province. This will 
be complemented in the full analysis by data from several regional climate models used 
in the CORDEX programme.  

This assessment focuses on the effect of climate change on the suitability of key crops 
which are highlighted in the Irish Aid Local Development Plan for Northern Zambia. 
These have been identified as Cassava, Beans, Sweet Potatoes and Groundnuts. The 
likely impacts on Maize are briefly discussed, however, following discussions this is not 
a priority in this document. The effects on wetlands will be covered in more detail in 
further analysis using data from the regional climate models. 

Trends in observed climate are presented, followed by a summary of climate 
projections for Mansa and Mbala. The requirements and suitability of different crops 
are then discussed. 

Background 

Northern Province lies in agro-ecological zone III, and has a climate characterised by 
relatively high rainfall (>1000mm). The rainy season typically starts in October or 
November and continues until April or May, but there is significant inter-annual 
variability in the onset and cessation of the rains, and as such the length of the growing 
season (Hachigonta et al. 2008). The observed climate for 1979-2000 for Mbala is 
shown in Figure 1.  
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Figure 1 Average climate of Mbala for 1979-2000. Source Climate Information Platform.  

El Niño events have been shown to be associated with drier than average years, while 
La Niña events cause higher than average rainfall and increase the risk of flooding. 
Tadross et al. (2009) note that El Niño events often cause an earlier start to the rainy 
season but larger numbers of dry-spells following the initial rains, so can be particularly 
damaging for crop production. El Niño and La Niña are a major cause of inter-annual 
variability in rainfall, however, it is not clear whether these events have increased in 
frequency or duration over the 20th Century.  

Trends in observed climate 

Observed trends in climate are important as they provide an indication of the way that 
climate change is currently affecting N. Zambia. Where observed trends in key climate 
variables are the same as projected changes from climate models there is greater 
confidence in future changes. For this initial analysis trends are presented from the 
published literature. These will be supplemented by analysis of data from the Zambia 
Meteorological Department. 

Average annual temperatures in Zambia have increased by around 1.3ºC since 1960, 
and there has been a corresponding increase in minimum and maximum temperatures 
(McSweeney et al. 2010). In Northern Province, research into the start and end of the 
rainy season shows that there has been a significant trend for later onset and earlier 
cessation which has resulted in a gradual shortening of the growing season (Hachigonta 
et al. 2008; Tadross et al. 2009).  

The National Adaptation Programme of Action (NAPA) reports that there has been an 
increase in floods and droughts in Zambia since 2000, with major events in 2004-5 and 
2006-7 and 2009. It is difficult to assess long-term trends in floods and droughts, 
however it is clear that these will remain a major hazard. 

Climate Projections 

Projections are provided for two time periods, 2020-2040 and 2040-2060, and two 
emissions scenarios. RCP 4.5 represents stabilization of emissions around 650ppm by 
2100, and is roughly equivalent to the older SRES B1. RCP 8.5 is a high emissions 
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scenario in which stabilization is not achieved and greenhouse gas emissions are still 
rising in 2100. It is roughly equivalent to SRES A1F1. 

The analysis uses 11 models which have been statistically downscaled to provide 
projections of climate change for Mansa and Mbala (CIP 2015). The changes presented 
are from the baseline of 1980-2000. 

Precipitation 

Mansa 

There is a consistent pattern which emerges from the downscaled projections for 
Mansa.  For both emissions scenarios there is agreement that there will be an increase 
in rainfall in the core months of Dec-April for the period 2020-2040. The higher 
emissions scenario also shows a clear decrease in rainfall in April and May for this time 
period, and more models show a decrease than an increase in October. 

For 2040-2060 the trends which are visible in the earlier time period intensify. Both 
emissions scenarios show higher rainfall in January and February, but decreases in 
rainfall, at the beginning and end of the rainy season. The higher scenario has a 
decrease in rainfall from Oct-Nov and March-May as shown in Figure 2, while the lower 
scenario agrees on decreases in October and May, but is uncertain for November and 
April. Tables I and II show the minimum, median and maximum changes in monthly 
rainfall from the set of downscaled models for the lower and higher emissions scenarios 
for 2040-2060.  

The further into the future, and the higher the emissions scenario, the more certainty 
there is on decreases at the beginning and end of the rainy season. The fact that these 
changes are consistent with the trend for later onset and earlier cessation found by 
Hachigonta et al. (2008) and Tadross et al. (2009) increase confidence in these results. 

 

 

Figure 2. Changes in monthly rainfall for Mansa for 2040-2060 for RCP8.5 
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Table I Changes in rainfall (%) during the rainy season for RCP4.5, 2040-2060 compared to 
1980-2000 

 
Min Median Max 

Oct -32 -19 6 
Nov -18 6 26 
Dec -3 1 7 
Jan 8 15 26 
Feb -2 10 16 
Mar -15 -4 6 
Apr -13 0 33 

May -57 -35 64 

 

Table II Changes in rainfall (%) during the rainy season for RCP8.5, 2040-2060 compared to 
1980-2000 

 
Min Median Max 

Oct -59 -25 -2 
Nov -37 -4 29 
Dec -5 3 11 

Jan 2 8 23 
Feb -1 5 13 
Mar -11 -5 4 
Apr -30 -13 31 
May -83 -47 148 

 

Mbala 

The changes for Mbala are similar to those described for Mansa. For the 2020-2040 
period both emissions scenarios show that rainfall is likely to decrease in May and 
increase from Dec-March. In contrast to Mbala there is disagreement as to whether 
there will be an increase or a decrease in rainfall in October. 

For the later time period both emissions scenarios show decreases in rainfall in October 
and May, and an increase in rainfall in January and February. The big difference 
between them is in March and April, where the models in the lower scenario are split 
between drying and wetting, whereas the higher scenario shows decreases in rainfall 
for these months. 

Changes to the total rainfall in the rainy season are small. For example changes for 
Mansa for the higher emissions scenario and the 2040-2060 time period show a median 
decrease of -3% and a range of -11% to + 10%. The important changes are those at the 
beginning and end of the rainy seasons. 

Rainfall variability 

Initial assessment of rainfall variability shows that October and May are expected to 
become less variable in the future, as a result of models predicting less rainfall for 
these months and therefore fewer years with significant amounts of rainfall. 
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Models disagree about whether total rainfall for the rainy season excluding October and 
May will become more variable. When October and May are included more models 
indicate lower variability.  

Further analysis of rainfall variability is needed, as this only takes into account 
variability in monthly rainfall totals, and as such does not include dry spells within the 
rainy season.  

Temperatures 

Both maximum and minimum temperatures can impact on crop production, with yield 
decreases if temperatures are outside of the optimal range for different plants. A 
summary of temperature changes is provided here, and discussed in relation to the four 
key crops in the following section. 

Mansa 

Maximum temperatures are expected to rise by 0.5-2ºC for 2020-2040. For 2040-2060 
there is a greater difference between the emissions scenarios, and there is more 
variation in change throughout the year. For RCP4.5 maximum temperatures increase in 
the range of 1.2-1.8ºC from Dec-April, and 1.5-2.5ºC for Sep-Nov. Figure 3 shows 
changes in maximum temperatures for RCP8.5 for the period 2040-2060. The core rainy 
season months of Dec-Feb have smaller changes, from around 2-2.5ºC, while there is the 
potential for larger changes from Sep-Nov.  

Minimum temperatures follow a similar pattern, with increases of 0.5-2ºC expected for 
2020-2040, and increases of 1.5-3.5ºC possible by 2040-2060. 

 

Figure 3. Changes in maximum temperatures for RCP8.5 for the period 2040-2060 

 

Mbala 

Mbala shows the same seasonal pattern of smaller changes in the rainy season than the 
dry season.  
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Maximum temperatures are expected to increase by 0.75-2ºC for 2020-2040, and 1.2-
3ºC by 2040-2060. Minimum temperatures are expected to rise by 0.75-2ºC for 2020-
2040 and 1.25-3ºC for 2040-2060. 

 

Implications for crops 

The major climate change issues for crop production in Northern Province relate to 
increases in maximum temperatures, which could reduce yield through heat stress, and 
a likely reduction in the length of the rainy season. Variability within the rainy season is 
not included in this analysis as further work is needed to properly characterise it. 

Data from FAO on the length of growing season and planting dates for Cassava, 
Groundnuts and Sweet Potato in agro-ecological zone III is shown in Table III, and Table 
IV shows the temperature ranges for these crops. Total rainfall requirements are not 
show as for Northern Province the issue is rainfall distribution rather than total 
available rainfall. It should be noted that this data is not for specific CGIAR improved 
crop varieties. Data for specific cultivars could be included in further analysis. 

Table III Planting dates and growing season length in agro-ecological zone III. Source FAO Crop 
Calendar 

 Planting date Harvest date Growing Season 

Cassava 15th Nov-15th Dec November 360-720 days 
Beans 1st Nov-31st Dec Feb-April 70-80 days 
Sweet Potato 1st Nov-31st Jan Feb-April 120-180 days 
Groundnuts 28th Nov-15th Dec March 110-170 days 

 

Table IV Temperature requirements for the different crops. Source FAO EcoCrop database. 

Crop Optimal 
Tmin 

Optimal 
Tmax 

Absolute 
Tmin 

Absolute 
Tmax 

Sweet 
Potato 

18ºC 28ºC 10ºC 38ºC 

Cassava 20ºC 29ºC 10ºC 35ºC 
Groundnuts 22ºC 32ºC 10ºC 45ºC 
Beans 
(Phaseolus 
vulgaris) 

16ºC 25ºC 7ºC 32ºC 

 

Cassava 

Cassava is tolerant of dry spells in the rainy season (as long as < 2 months), and also has 
no critical period during its growing season, so is tolerant of erratic rainfall (Jarvis et al 
2012). It grows best between 25-29C, but can withstand temperatures up to 38C. 
Cassava is one of the crops most likely to resilient to any changes in rainfall and 
temperature in Northern Province. 

Beans  
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Beans are sensitive to heat stress, and are damaged by night temperatures >20ºC and 
daytime temperatures >30ºC (CGIAR 2015) with the FAO data stating that the absolute 
maximum temperature tolerated is 32ºC. Analysis of the number of days with 
temperatures >32ºC shows potentially damaging increases for Mansa for 2020-2040, 
and in particular 2040-2060. Increases of up to 7 days in Nov and Dec could damage 
bean crops, as could increases in night-time temperatures. Mbala would be less affected 
due to its higher altitude.  

Potential reductions in the area suitable for beans were also noted by Beebe et al. 
(2013) for Northern Zambia. 

CGIAR have recently announced success in breeding heat-tolerant varieties of bean 
which are able to withstand temperatures 4 C higher than normal varieties (CGIAR 
2015). In light of increasing temperatures it might useful to promote these heat-tolerant 
beans in areas which are close to temperature thresholds. 

Groundnuts 

Longer maturing varieties of groundnuts might be affected by reductions in the growing 
season, so shorter varieties are recommended. Although not as sensitive to heat as 
beans, increases in maximum temperatures could also affect yields, as there are more 
days >32ºC. 

An assessment of groundnut production in Malawi found that the incidence of 
groundnut pests was also likely to increase with higher temperatures, and could lead to 
decreases in yield (ARCC 2013). 

Sweet potatoes 

Longer-maturing varieties of sweet potatoes could be affected by a reduction in the 
length of the rainy season, in particular under higher emissions scenarios for mid-
century. Sweet potatoes are tolerant of dry spells and grow well in marginal conditions, 
however, so are likely to be relatively resilient to changes. 

Maize has not been considered in detail, however, there are several published studies 
suggesting that the decrease in the length of growing season will decrease Maize yields 
in Zambia (e.g. Hachigonta et al. 2008; Tadross et al. 2009). 

Summary 

Analysis of climate projections for Mbala and Mansa shows that decreases in the length 
of the rainy season are likely, and that these changes are more severe under higher 
emissions scenarios and for later time periods. This is consistent with observed trends 
for later onset and earlier cessation of the rains, and appears to be a robust and 
important signal.   

Rainfall in the core of the rainy season is likely to increase, however under higher 
emissions scenarios for 2040-2060 there are possible decreases in December and 
March as well. Minimum and maximum temperatures will increase by around 1-2ºC. for 
2020-2040, and 1.5-3ºC. for 2040-2060. The number of very hot days will also increase. 

There is a need to further explore inter-annual variability in rainfall.  
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Initial assessment suggests that Beans are the most vulnerable of the crops being 
promoted, and it would be sensible to assess whether newly developed heat-tolerant 
varieties are viable for Northern Province. Cassava is well adapted to climate change 
and will be more resilient than most crops to changes in rainfall and temperature. 

There is potential for groundnuts and sweet potatoes to be negatively affected, however 
more detail on specific cultivars, and within season dryspells will be needed to assess 
this.  
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