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Abstract 
This study set out to investigate the trends of agriculturally-relevant rainfall characteristics among small-scale 
farmers in the rainfall-sensitive dry savanna agro-ecological zone of northern Ghana. Interviews are used to 
identify characteristics of rainfall which are deemed by the farmers as important in their food production. Time 
series daily rainfall data from 1960-2007 is then used to identify trends in these variables which include the 
amount and temporal distribution of rainfall, occurrence of extreme daily rainfall events, the onset of rains, risk 
of dry spells and coefficient of variability of rains. The risk of dry spells for varying number of days following 
the planting period is computed using first-order Markov chain modeling. We find that there is a significant 
increase in mean rainfall per rain day and the coefficient of variation or summer rainfall amounts. No significant 
change in the onset of rains, the annual rainfall amount or maximum rainfall days are established. However, a 
significant decrease in the number of rain days and the probability of dry spells of up to seven and eleven days in 
the first four weeks of the planting season is revealed. There is need for development of an agricultural policy 
framework designed to understand the growing risks associated with agricultural production among small-scale 
farmers, and to improve management practices to accommodate and adapt to the new challenges of varying 
rainfall.  
Keywords: Rainfall variability, Farming, Northern Ghana, Statistics, Risk of dry spells, Markov chain modeling 
1. Introduction 
Climatic factors play an important role in determining the production of food crops in the semi-arid regions of 
Africa. This is a region characterized by a low and highly variable distribution of rainfall spatially and over time, 
which constitutes a limiting potential for crop yields (Tesfaye et al. 2004; Graef et al., 2001). The amount of 
rainfall and its distribution over the year (especially during the farming season) greatly affects the productivity of 
agriculture in these regions. It determines the types of crops to be grown, the presence or absence of support 
activities like irrigation and crop yields, as well as influences agricultural calendar. The start of rains marks the 
start of the main farming season in northern Ghana as well as most parts of the Guinea savanna and the 
Sudano-sahelian region of Africa. This is usually considered to be the planting period for some of the main 
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staple crops of the region, such as maize, beans and potatoes (Stumpf, 1998). After planting, small-scale farmers 
usually engage in other small income generating activities on the side.  
Rainfall in this region is lower than in the equatorial tropical belt and is variable both spatially and seasonally. 
This low and variable nature of rainfall imposes a delicate balance between the onset, duration and amount of 
rain and the timing of agricultural activities. Climatic manifestations over the last decade have made it difficult 
to maintain this fragile balance. During the last decade, climate-related crop failures in the Sudano-Sahelian 
region of Africa have attracted regional and global attention. Among many manifestations of climatic instability 
and change have been floods that devastated large areas of near-ready grain fields, several episodes of late rains 
during planting seasons, and persistent droughts in large portions of the region. Studies show that elements of 
climate change (increasing temperatures and declining precipitation) are likely to reduce yields of corn, rice, 
wheat and other main food crops in this region (Lobell et al., 2007). As climate change takes hold, it is necessary 
to adapt agriculture to the changing patterns of manifestation of climatic elements (especially rainfall, which is 
the main determinant of agricultural production in this region). A proper understanding of the characteristics of 
variation of rainfall is necessary in guiding agricultural planning. This study therefore seeks to identify the trends 
in rainfall-related climatic indices that are agriculturally relevant to small-scale farmers of the northern region of 
Ghana. 
Three reasons underlie the choice of northern Ghana for study. Firstly, of all, this zone is very sensitive to 
variability of climate elements. For instance, the early part of the 2007 farming season (mid-May to June) in 
northern Ghana (like most of the Guinea savanna and Sudano-sahelian belt of Africa) was affected by an 
exceptionally long dry spell following early rains in April and early May. When the rains resumed, many farmers 
replanted only for the crops to be washed away by extensive floods. Many of these farmers are unlikely to 
recover without external assistance (FAO, 2007). Secondly, a snapshot of northern Ghanaian livelihoods shows 
that many households are heavily dependent on agriculture and see limited opportunities outside of the 
agricultural sector. However, they are unable to emerge out of poverty due to low asset levels (including capital 
and land) that reduce the possibilities for saving and investment in a highly risky environment where shocks 
regularly force them to liquidate their assets or divert them away from agriculture simply in order to survive 
(Sachs, 2008). Those households relying heavily on agriculture for their livelihoods are vulnerable in particular 
to climatic shocks, such as bushfires, droughts and floods, sometimes with more than one of these calamities 
occuring in one year. Other risks arise from market volatility, the rising price of agricultural inputs, and human 
risks such as susceptibility to disease and malnutrition (NDPC, 2004). Where they are able, households take 
measures to reduce their exposure to risk (for example, by diversifying their income sources through migration 
and remittances, planting improved seed varieties or multi-cropping). Coping strategies clearly depend on the 
shock in question, but include: sale of assets including livestock, reduction in food intake, engaging in petty 
trade, migration, children dropping out of school to enter the informal labour market, and self-medication or use 
of unorthodox sources of medicine and medical practices. It also includes reliance on other family members, 
community based organizations (CBOs) or other non-governmental organizations (NGOs) for assistance (FAO, 
2007). Thirdly, after a quarter of a century of Structural Adjustment Programmes (SAPs), all regions of Ghana 
appear to have witnessed significant reductions in poverty level, except Northern Ghana. Poverty levels in 
northern Ghana linger around 52-88% (FAO, 2007). Poverty appears to be concentrated amongst food crop 
farmers who are particularly dependent on rain-fed agriculture. Poverty in Ghana is considered to be increasingly 
intense in the northern part, remote from Accra and international markets (although well placed for cross-border 
trade with Sahelian countries), and related to households for whom production of low-value food crops is a 
major livelihood activity (FAO, 2007). Climate-related manifestations have also contributed to the 
socio-economic situation of this region. For example, since 1980, six major floods have affected many parts of 
this region – in 1985, 1988, 1993, 1998, 1999 and 2007. 
This study uses three main methods to highlight the trends of agriculturally-relevant rainfall characteristics for 
small-scale farmers in northern Ghana. Interviews are used to identify agriculturally-relevant rainfall 
characteristics for small-scale farmers in northern Ghana. Statistics are then used to reveal daily, monthly, 
seasonal and annual trends as well as the coefficient of variation (CV) of rainfall. We use Markov chain 
modeling to estimate probabilities of dry spells for the first months of the onset of the rainy season.  
2. Study Area 
Tamale (9.400N and 0.830W) is found in the Guinea savanna agro-ecological zone in the Northern Region of 
Ghana (Figure 1). Tamale is surrounded by villages with high population densities and lies 183 metres above sea 
level on a plain (35 km) east of the White Volta River. The metropolis serves as the administrative, financial, 
commercial, and transportation centre for Northern Ghana. Tamale Metropolis is documented as the fastest 
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growing city in West Africa with a population of 40,443 in 1960, and about 3,000,000 in 2009 (Seidu, 2009). As 
a metropolitan district some 39 km across, Tamale comprises at least 160 villages, some that are concealed in the 
centre of town, but many others that are still exclusively rural. In town there is hardly any remaining arable land, 
so villagers must travel to find farmland, often at considerable distances (MacGaffey, 2009). It covers a land area 
of about 750 km2 (Seidu, 2009). There is no major river passing through Tamale and the ground water table is 
low.  
<Figure 1> 
Tamale is also an important agricultural region for the country, producing some of the most important food crops 
consumed in the country such as maize, rice sorghum, millet, yam, cassava and groundnuts. This area is found in 
the Inter-tropical Convergence Zone (ITCZ) and has a tropical grassland climate with a distinct wet season 
(approximately April-September) and dry season (October-March). Rainfall is therefore strongly influenced by 
and dependent on the trade winds converging on the ever-displacing Inter-tropical Convergence Front (Sultan et 
al. 2005). In the floods of September and October 2007 and 2008, this region was one of the most severely 
affected areas. Being an important source of food crops for the country as a whole, the crisis of food shortages 
and price increases was further intensified for Ghana.  
3. Methods 
3.1 Data and sampling technique 
In-depth interviews were conducted in seven communities with a total of 46 small-scale farmers in the Tamale 
area. The aim of these interviews was to establish what constitutes agriculturally-relevant rainfall characteristics 
for small-scale farmers in the region. Farmers were randomly selected with the guide of agricultural extension 
officers in the communities concerned. The sample group interviewed population aged between twenty-five and 
sixty years of age and had all been living and practicing agriculture in their communities for more than three 
years. The core question posed to farmers was aimed at knowing which characteristics of rainfall were relevant 
for their practice of agriculture. Discussions that followed were aimed at knowing how farmers perceived trends 
of the factors they identified as relevant. 
Daily rainfall data from Yendi, Wa and Tamale covering the period 1960-2007 was obtained from the Ghana 
Meteorological Service in Accra. After preliminary assessments, records for Yendi and Wa were eliminated 
from further processing because they had large numbers of missing daily data and were incomplete for many 
months between 1980 and 1985 as well as between 1992 and 1998. After screening for consistency and 
completeness, 0.06% points of missing daily data for Tamale were replaced by the average of the nearest future 
and past observations. There were no points of more than one consecutive day of missing entries in the dataset.  
3.2 Data analysis 
Daily rainfall amounts are summed into annual, seasonal and monthly totals. These totals are then plotted against 
their long-term means and fitted with trend lines to observe the overall tendency of each dataset relative to its 
average long-term trend. The CV is a unitless normalized measure of dispersion of a probability distribution. It 
expresses the standard deviation as a fraction of the mean and is useful when interest is in the size of variation 
relative to the size of the observation. In comparing different years of rainfall with different means, the 
coefficient of variation is therefore a more useful basis of comparison than the standard deviation. It is expressed 
as the ratio of the standard deviation σ to the mean μ (Equation 1). Hence,  

                         (1) 

The coefficient of variation is used to compare the long-term variation of wet season (approximately 
April-September) rainfall to that of individual years. This gives an estimate of the degree to which rainfall in the 
wet season months which are important for agriculture is either stable or changing. Such a change is important 
for agriculture in Tamale and the rest of northern Ghana because the majority of the agricultural activities and 
the production of most food crops take place during this period. The onset of the rainy season is used to 
investigate changes in the start of the food crop planting period in Tamale. For purposes of this study, the onset 
of rains is defined as the first occasion from the 1st of April that registers 20mm of rain or more over a 6-day 
period, and does not have a dry spell of more than 7 days in the subsequent 30 days. 
Regressions are used to estimate temporal trends in rainfall records. The suitability of data for regression 
analysis, approximation techniques and the interpretation of results are discussed (Llyod, 2009; Cheng et al, 
2004; Stern et al. 1984). They have been used in a number of case studies (Kumar et al. 2010; Lehmann et al. 
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2005). We perform linear regressions on time series data (annual amount of rain, number of days of rainfall, 
mean rainfall per rain day and the annual daily maximum rainfall events). The t-test is used to evaluate the 
presence of trends.  
When processes are seen as a succession of stages in sequence, then each stage may be described by a Markov 
process (Sansom, 1998). Markov models have been used as tools for fitting sequences of daily rainfall 
occurrence for Tel Aviv data (Gabriel et al., 1962) as well as for estimating frequencies and lengths of spells 
(Barron et al., 2003; Sharma, 1996; Stern et al., 1984). The Markov property specifies that the probability of a 
state depends only on the probability of the previous state. Regarding rainfall which is assumed to be a stochastic 
event, the probability of rain falling in any given day is dependent on the probability of the previous day being 
dry - the probability of rain-given-dry P(rd), or the previous day being wet - the probability of rain-given-rain 
P(rr) (Equation 3 and Equation 4). This is described as a first order Markov process because it goes back one 
time step (Barron et al. 2003; Stern et al, 1998). It is therefore possible to build more “memory” into a state by 
using a higher order Markov model. For a dataset, the sequence of wet days (xj = 0) and dry days (xj = 1) is 
described as (Barron et al. 2003): 
 

                   for 

                     (2) 
Where: 
xj = a day in sequence 
Qi = each year in the dataset 
i = the number of years of observation 
j = the day number of the year from 1 (1st January) to 366 (31st December) 
The probability for a day being rainy following a dry day (that is the probability of rain-given-dry P(rd)) can be 
computed as: 

 

                  (3) 
In the same way, the probability of a rainy day following a rainy day (in other words the probability of 
rain-given-rain P(rr)) can be given as: 

 

                  (4) 
A function is fitted to the estimated probabilities using Fourier analysis (Barron et al. 2003). A number of 
harmonics is tested until a best fit is achieved by F-test. The determined function(s) of probability of rainfall on 
any given day is then used to establish probabilities of the occurrence of dry spell for different durations (in this 
case 7, 11, 15 and 21 days for the months of April and May). A Markov chain model was curve fitted to the 
overall chance of rain with an initial complexity of four harmonics. The fitted model was used to estimate the risk 
of dry spell lengths of 7 to 21 days for the months of April and May, which are crucial months for the initial life of 
most food crops planted in the rainy season in northern Ghana. A similar process was used to estimate rainfall 
probability per rain day and the mean rainfall amount per rain day. The assumptions and restrictions of fitting first 
and second-order Markov models are explained in Stern and Coe, (1984). INSTATTM software developed by the 
Statistical Services Center, University of Reading, United Kingdom is used for the Markov modeling process.  
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4. Results and Discussion 
4.1 Results of interviews - relevant rainfall characteristics for Northern Ghana 
The most important agriculturally-relevant rainfall characteristics identified by farmers were: the amount and 
distribution of summer rainfall, reliability of rainfall after planting, rainfall variability and the occurrence of 
excessively high daily rainfall events that may trigger floods.  
• Amount and distribution of rainfall over the summer period (April-Sptember).  
The summer period is the only farming period in this region for most small-scale farmers. This is because most 
small-scale farmers (who make up the bulk of the farming population) cannot afford investments in irrigation 
and therefore practice mainly rain-fed farming. 
• Reliability of rainfall during the first four weeks after planting (risk and length of dry spells). 
The first few weeks after planting are important for most plant cultivated in this region. They are still young, 
fragile and can be damaged by many consecutive days of no rain (long dry spells). 
• Variability of rains  
The ideal rainfall in Northern Ghana is one in which rainfall builds up gradually to a peak in August, and then 
declines more rapidly, but steadily and gives way to the dry season in the end of September. When heavy rains 
are interspersed with many consecutive days of very low or no rainfall, crop failures may occur. These may be 
due either to the proliferation of pests or limited water at times when plants are most in need. 
• Occurrence of excessively high daily rainfall that may trigger floods and erosion of the topsoil.  
Over the last fifteen years, 6 major floods have caused different scales of crop damage in Northern Ghana. While 
most flood events are triggered by several days of heavy rains, farmers have tended to view each exceptionally 
heavy event with apprehension. 
4.2 Results of data analysis and implications for agriculture 
4.2.1 No significant trend of change in annual amount of rain 
Summer is defined here as the period from the 1st April to the 31st September. This is the period when all of the 
rain-fed agricultural activities take place in northern Ghana. Besides other rainfall characteristics, the total 
amount of rain during this period is important in determining the types of crops that are cultivated here. This is 
because the amount and distribution of rainfall in turn determines the availability of water for crop production 
(Tesfaye et al, 2004). Without sufficient rainfall during the rainy season, cassava and yams, the most important 
root crops in Ghana (Stumpf, 1998) may not be cultivated in this region. The equation of the straight line relating 
annual rainfall and time (in years) is estimated as: annual rainfall = (5287.2107) + (-2.1114) time, using the 48 
observations in this dataset. The slope, the estimated change in annual rainfall per unit change in time, is -2.1114 
with a standard error of 2.0327. The value of R2, the proportion of the variation in annual rainfall that can be 
accounted for by variation in time, is 0.0229 (Figure 2). A significance test that the slope is zero (there is no 
change in annual rainfall over time) resulted in a t-value of -1.0387. The significance level of this t-test is 0.3044, 
hence there is no statistically significant change in annual rainfall within the study period. 
<Figure 2> 
An improvement of the rainfall situation after the trend of declining rainfall that marked the 1960s-1980s has 
been observed in the Sudan-Sahel region of Africa (Boko, 2007; Nicholson, 2005). This observation is 
corroborated with evidence of increased photosynthetic activity in the region (Seaquist et al. 2008; Olsson et 
al.2005). The Tamale dataset from the Guinea savanna region (not the Sudano-sahelian region from which most 
of the data used to establish this recovery has been taken) points to a stabilization of annual precipitation around 
the long-term mean of the study period. This observation fits well with observed trend of summer rainfall for the 
Sahel and ensemble mean of ten simulations with the GFDL CM2.0 climate model forced with sea surface 
temperatures (Houghton, 2009. pp.107). Prospects of recovery from a long and perilous cycle of drought and 
environmental decline offer optimistic expectations for development of agriculture and the social and economic 
life of residents in the region. Narratives of land and environmental degradation may be replaced by trajectories 
of sustainable agriculture and development (Olsson et al. 2008). While the total amount of summer rainfall 
shows no significant trend, other characteristics of summer rainfall show significant trends of change during the 
study period. These are the number of rain days and the mean rainfall per rain day from 1960-2007.  
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4.2.2 Decrease in the number of days of rainfall and increase in mean rainfall per rain day 
The number of days of rain is a marker that can be used to verify the distribution of rainfall. During the growing 
season of crops, farmers would ideally want a balance between the distribution of rain days and moderation in 
rainfall amounts per rain day throughout the season. From interviews, a good distribution of rain days implies the 
absence of long periods of dry spells and moderate amounts of rainfall implies rain input that does not have the 
potential of inducing floods or large-scale erosion. The number of days of rainfall shows a significant decrease 
within the study period. The equation of the straight line relating number of rain days and time is estimated as: 
number of rain days = (915.4185) + (-0.4184) time. The slope, the estimated change in number of rain days per 
unit change in time, is -0.4184 with a standard error of 0.0993. The value of R2 is 0.2786 (Figure 3). The 
correlation between number of rain days and time is -0.5279. A significance test that the slope is zero (there is no 
trend) resulted in a t-value of -4.2153. The significance level of this t-test is 0.0001. Since 0.0001 < 0.0500, the 
hypothesis that the slope is zero is rejected and conclude that the fall in the number of rain days is significant at 
95% confidence level.  
<Figure 3> 
If the total amount of summer rain shows no significant decrease (R2 = 0.0198) and the number of days of 
rainfall show a significant decrease (R2 = 0.0872), it is plausible to hypothesize an increase in mean rainfall per 
rain day to make up for the fewer days of rainfall. Mean rainfall per rain day of each year is the quotient of 
annual rainfall on number of rain days for that year. The long-term mean of daily rainfall per rain day since 1960 
is 13mm. The value of R2 is 0.0872 (Figure 4). A significance test that the slope is zero resulted in a t-value of 
2.0963. The significance level of this t-test is 0.0416. Since 0.0416 < 0.0500, the hypothesis that the slope is zero 
(there is no trend) is rejected. There is therefore a significant change in mean rainfall per rain day within the 
period 1960-2007. 
<Figure 4> 
The annual daily maximum rainfall events refer to the day in each year with the highest input of rainfall. The 
time series trend for these maximum daily rainfall events do not show any significant increasing or decreasing 
trend. Farmers tend to associate high intensity rainfall events with the occurrence of floods. However, not all of 
these daily rainfall maxima can be associated with incidences of floods. Since 1980, northern Ghana has 
registered six episodes of floods, two of them major and making international headlines. Most of the floods 
occur when high intensity rainfall, which may not necessarily be the maximum for the year, persists for several 
consecutive days. The value of R2 is 0.0174 (Figure 5). A significance test that the slope is zero resulted in a 
t-value of 0.9027. The significance level of this t-test is 0.3714. Since 0.3714 > 0.0500, the hypothesis that the 
slope is zero (there is no trend), is not rejected. There is therefore no statistically significant change in maximum 
daily rainfall for each year within the 48 year period of study. 
<Figure 5> 
A fall in the number of rain days associated with an increase in the mean input of rainfall per rain day signifies 
an increase in the intensity of rainfall. This increase in rainfall intensity (implying increase in mean rainfall per 
rain day) also corresponds well with projections of future climate change for the region (Kharin et al., 2005; 
Meehl et al., 2005; Boko et al., 2007). Previous studies have forecasted these increases in the tropical regions 
and attributed it to both dynamic and thermodynamic processes associated with global warming (Emori et al., 
2005). Higher rainfall intensities could have a number of negative effects on agriculture both in the short and 
long-term. It increases the rate of erosion and loss of particulate nutrients from arable soils, thereby reducing soil 
fertility and productivity (Fraser et al. 1999). An increase in the intensity of rainfall may also harbor potentially 
serious risks of an increased flood frequency and severity for most regions of the world (Gordon et al., 1992; 
Fowler et al., 1995). While high daily rainfall inputs may be potentially destructive to agriculture in sensitive 
areas like Tamale, the destruction caused by rains may sometimes arise from the accumulation of several days of 
rain that fall slightly below the maximum rainfall events for that year. This was the situation in the summer of 
2007 when which exceptionally extensive flooding destroyed fields, homes and granaries and led to the loss of 
large numbers of livestock in northern Ghana and many areas in the Guinea savanna and Sudano-sahelian 
agro-ecological zones of Africa (Armah et al. 2010; Karley, 2009). This compounded the problem of food 
shortages and led to unprecedented food price increases. These events were a result of several days of 
consecutive rainfall below the annual daily maximum rather than a single day of exceptionally high rainfall 
input. 
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4.2.3 No significant trend in the onset of rains 
The onset of the rainy season – defined as any day after April 1st in which rainfall totaled over six days is equal 
to or greater than 20mm and in which after this period, no spell exceeding seven days is witnessed for the next 
30 days. The slope, the estimated change in difference from mean start of rains per unit change in time, is 0.1449 
with a standard error of 0.2335. The value of R2 is 0.0083 (Figure 6). A significance test that the slope is zero 
(there is no trend) resulted in a t-value of 0.6206. The significance level of this t-test is 0.5379. Since 0.5379 > 
0.0500, the hypothesis that the slope is zero, is not rejected. We therefore conclude that there is no significant 
change in the onset of the rainy season.  
<Figure 6> 
The onset of rains season is a very important event in the lives of small-scale farmers in the Sudano-Sahel region 
of Africa. This onset marks the beginning of three main activities - planting, weeding and harvesting (Mortimore 
et al. 1999) - which determine the socio-economic life and survival of the farming household. The importance of 
farming in the lives of these households also means that other activities are based on the accomplishment of 
these three tasks (West et al, 2008). Planting, which depends and is influenced directly by the onset of the rainy 
season, is the first of these tasks and that on which the other two activities are based. Significant shifts in the 
onset of rains will therefore affect both agriculture and many other non-agricultural activities of small-scale 
farmers. Studies have reported how variability of the onset and cessation of the rainy season in tropical regions 
complicates the process of determining when the rainy season (and hence the planting season) begins (Mugalavai 
et al.2008; Oladipo et al. 1993; Camberlain et al. 2003). Even though farmers contend that the onset of rains is 
becoming more uncertain with a tendency towards delayed onset, the data shows no statistically significant trend 
indicating a late start of the rainy season 
4.2.4 More variable summer rainfall 
Opinions and allusions to a mean or equilibrium state rainfall for the Sahel and its adjoining regions have been 
contested. It is argued that the normal state of the Sahelian rainfall is rather a constant variation over space and 
time (Humle, 2001). Through interviews, we observe that farmers are not very interested in the year-to-year 
variation of rainfall but rather the intra-seasonal variation during each farming season. This makes an 
examination of the variation within each season even more interesting, especially considering the trend of this 
intra-seasonal variation throughout the study period. The value of R2 is 0.1578 (Figure 7). The correlation 
between coefficient of variation and time is 0.3973. A significance test that the slope is zero resulted in a t-value 
of 2.9362. The significance level of this t-test is 0.0052. Since 0.0052 < 0.0500, the hypothesis that the slope is 
zero (there is no trend) is rejected. With R2 of 0.3973, we conclude that the trend of increase in the coefficient of 
variation is significant. The long-term mean coefficient of variation is computed to be 2.3.  
<Figure 7> 
For farmers in the northern region of Ghana, the total amount of rainfall during the rainy season is deemed to be 
generally sufficient for their crop requirements. They are however more concerned about the ever-present 
possibility of extremes in the availability or non-availability of the rain water they require for cropping. Dry 
spells are an important feature of agriculture in the dry lands of sub-Saharan Africa. Long dry spells at sensitive 
times of plant development (germination, flowering, seeding) could spell disaster for agriculturalists (Barron et 
al, 2003; Sivakumar, 1992). This adds to the vulnerability of small-scale farming systems in this region and 
constitutes one element in the mosaic of climate related challenges that agricultural production has to deal with 
(Enfors et al., 2007). Like reduced rainfall, long and frequent dry spells can have significant effects on the 
growth and yields of some seasonal crops such as maize, beans and potatoes. Reduced yield may lead to a fall in 
agricultural income and access to food for many in northern Ghana and other parts of the semi-arid regions of 
tropical Africa. Reduced yields may also trigger the co-opting of more land into agricultural production at the 
expense of conservation thereby leading to land degradation, which is an environmental problem (West et al. 
2008). During prolonged drought periods, people tend to ensure food production at the expense of cash crops 
(Sivakumar, 1992). This rational survival strategy is all the more necessary for small-scale farmers with limited 
incomes, such as the majority in northern Ghana. The outcome could be a modification of the agro-ecological 
landscape. 
4.2.5 Probabilities of dry spells 
A first-order Markov model gives two rainfall probabilities for each day of the year: the probability that a day 
will be rainy or the previous days were rainy (rain-given-rain), and the probability that a day will be rainy if the 
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previous day was dry (rain-given-dry), (Figure 8). The latter is greater than the former at the beginning and 
towards the end of the rainy season when drier conditions tend to prevail. Generally, the chance of rain grows 
from 0% in December and January to about 10% in April. It reaches a secondary peak of about 39% in June and 
the main peak of about 58% at the middle of September. After this time, the probability of rain falls sharply as 
the region enters the dry season.  
<Figure 8> 
The probability of dry spells of at least seven days is as high as 98 percent in the beginning of April and declines 
gradually to the beginning of May (Figure 9). By the end of May, there is still a 60 percent chance of a dry spell 
of seven days. At the beginning of April, there is a 75 percent probability of dry spells of 11 days. By the end of 
April, the chance of a 11 day dry spell is 45 percent and by the end of May, the probability is less than 20 
percent. A 15-day dry spell is about 50 percent likely at the beginning of the planting season (the 1st of April). 
By the end of May, it is less than 20 percent likely. The risk of suffering losses when crops that are sensitive to 
dry spells of up to 10 days are planted in April 1st is therefore more than 75 percent (Figure 9). This risk 
associted with the uncertainty of the start of the rainy season may partly explain the high degree of caution in 
deciding when to plant among farmers in northern Ghana.  
<Figure 9> 
For farmers in the northern region of Ghana, the total amount of rainfall during the rainy season is deemed to be 
generally sufficient for their crop requirements. They are, however, more concerned about the ever-present 
possibility of extremes in the availability or non-availability of the rain water they require for cropping. Dry 
spells are an important feature of agriculture in the dry lands of sub-Saharan Africa. Long dry spells at sensitive 
times of plant development (germination, flowering, seeding) could spell disaster for agriculturalists (Barron et 
al, 2003; Sivakumar, 1992). This adds to the vulnerability of small-scale farming systems in this region and 
constitutes one element in the mosaic of climate related challenges that agricultural production has to deal with 
(Enfors et al., 2007). Like reduced rainfall, long and frequent dry spells can have significant effects on the 
growth and yields of some seasonal crops like maize, beans and potatoes. Reduced yield may lead to a fall in 
agricultural income and access to food for many in northern Ghana and other parts of the semi-arid regions of 
tropical Africa. Reduced yields may also trigger the co-opting of more land into agricultural production at the 
expense of conservation thereby leading to land degradation which is an environmental problem (West et al. 
2008).  
5. Contributions of human activities on the rainfall situation in northern Ghana  
The occurrence of rainfall depends on geographic location, sea and land surface temperatures, proximity to water 
bodies, topography, winds, vegetation cover, and others (Meher-Homji, 1991). The role of vegetation cover as a 
factor of rainfall causation and the effects of anthropogenic activities like deforestation in modifying rainfall has 
been investigated and reported (Pielke, 2007; Webb, 2005; Meher-Homji, 1991). Deforestation affects rainfall 
through changing rates of physical evaporation, transpiration, surface albedo, and aerodynamic roughness 
(Pielke, 2001; Ray et al., 2006; Pielke et al., 2007). Products of human activities such as aerosols from biomass 
burning (which is a common agricultural practice in northern Ghana and many parts of sub-Saharan Africa), can 
also affect rates of cloud formation and patterns of rainfall. Ghana in the 1970s boasted of approximately 18,000 
km2 of pristine rainforest, but over the years the area under forest cover has been reduced significantly. A 
combination of over-harvesting of timber, forest fires and encroachment has resulted in vast areas of forest and 
wood lands completely degraded. Annual deforestation in the savanna zones is 3 percent (38,000 ha), exceeds 
the national average of 1.3 percent (12,000 ha) (EPA, 2000). It is estimated that in the past four decades, the 
savanna zones have lost 40 percent of their tree cover. The area most seriously affected by deforestation is the 
Sudan-Savanna zone with its high human and livestock population densities and intensive cultivation (EPA, 
2000). The effects of such modification of the country’s landscape on rainfall are reflected in many ways on 
water availability in the rainfall-sensitive northern regions. The absence of surface vegetation reduces the 
infiltration rate of surface water and reduces the replenishment of underground water reserves. Fast moving 
surface water increases the rates of soil erosion and degradation and reduces rates of evaporation of water back 
to the atmosphere. The absence of vegetation to regulate surface flows leads to the generation of floods, which 
have become increasingly common in northern Ghana in recent years (Armah et al. 2010; Karley, 2009). 
Through their influence on rainfall and the water system in farming communities, man-made activities can 
exacerbate existing vulnerabilities of small-holder farming households and should be addressed by long-term 
climate policies. 
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6. Policy Implications 
Rainfall data for Ghana has been collected for the past half century without a national climate policy. The 
emergent risks arising from climate variability posed to small holder farmers make it imperative to develop an 
integrated long-term climate policy that is adaptive to the evolving climate challenges. This policy should 
essentially facilitate the establishment of a comprehensive rainfall monitoring programme consisting of a dense 
network of aerial and ground recording devices or sensors.  
The long-term climate policy framework should posses the capacity to enhance integration across sectors. High 
levels of integration are indicated by the capacity to consider more than a narrow sector frame of the policy 
framework (for example, agriculture and water could be considered together given that feedback interactions 
exist between rainfall variability and agricultural productivity in this agro-ecological zone). In the same vein, the 
climate policy could be integrated with a land use policy that specifically assigns particular parcels of land for 
specific purposes to facilitate proper planning of land use. The policy framework should also consider a broad 
range of impacts, such as social exclusion and environmental damage. In Tamale, small-holder farmers without 
land titles indicated that they were compelled to cultivate marginal lands, though they were aware that in doing 
so, the marginal lands risked further degradation.  
The policy framework should allow for an opportunity to engage multiple stakeholders, address conflicts, 
identify inconsistencies, and integrate a variety of stakeholder perspectives (both lay and expert knowledge) 
within this policy framework. The small-holder farmers have developed local knowledge systems through their 
continuous cultivation of the land over the years. This kind of knowledge system would be quite useful in the 
formulation of climate policy and decision making.  
Hitherto, research on agriculturally relevant variables has disproportionately focused on temporal characteristics. 
In this study, as in previous studies that concentrated on temporal variability, it is apparent that networks of 
ground rain gauges have weaknesses in accurately defining the spatial variability of rainfall events. The density 
of the rain gauge network often leaves large areas where rainfall is not measured and must be estimated. This 
uncertainty in measurement and estimation affects the quality of decision making in agricultural and climate 
policy framing. Thus, the long-term climate policy framework should necessarily address the spatial variability 
of rainfall.  
7. Conclusion 
This study assessed changes in agriculturally relevant variables using time series daily rainfall data from 
1960-2007 for Tamale. Onset of rains, length and frequency of wet and dry spells, coefficient of variability of 
rains, recurrence periods of extreme events, as well as the general descriptive statistics of the character of rainfall 
are addressed. The risk of dry spells for varying numbers of days following the planting period was calculated 
using Markov chain modeling. Comparisons of the long-term coefficient of variation of summer rainfall to that 
of individual years from 1960 to 2007 were graphically represented. There has been a forward shift in the timing 
of planting for most food crops. This situation has left farmers with a lot of uncertainty regarding planning for 
this activity. The decrease in annual amount of precipitation has stabilized over the last three decades around the 
long-term mean. It has become more variable and seems to harbor more probabilities of extreme events. The risk 
of dry spells after planting have increased over the decades making farming for small-scale agriculturalists even 
more risky. The findings of the study suggests the need for the development of a comprehensive agricultural and 
climate policy that takes into account the mounting risks associated with agricultural production among small 
holder farmers.  
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Figure 1. Map of Ghana showing the guinea savanna agro-ecological zone and Tamale from where the analyzed 
data is collected 

 
Figure 2. Annual rainfall of Tamale 1960-2007 

 
Figure 3. Number of rain days 1960-2007 
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Figure 4. Mean rainfall per rain day 1960-2007 

 
Figure 5. Maximum daily rainfall for each year 1960-2007 

 

 
Figure 6. The onset of the rainy season from 1960-2007. The mean onset of rains (represented in the figure as 0) 

is the 6th of May. Negative values represent the number of days the rainy season started before the mean start 
date - early start, while positive values represent a start later than the mean start date 
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Figure 7. Coefficient of variation of summer rainfall 1960-2007 

 
Figure 8. Probabilities of rain based on all days and for all years (1960-2007) from a first-order Markov model 

 
Figure 9. Probability for dry spells of lengths 7, 11 and 15 days from the 1st April (day 91) – 31st May (day 152) 

 


