
Joint proceedings of the 27th Soil Science Society of East Africa and the 6th African Soil Science Society 

 
Transforming rural livelihoods in Africa: How can land and water management contribute to enhanced food security and address 

climate change adaptation and mitigation? 20-25 October 2013. Nakuru, Kenya. 

Evaluation of rainfall data reconstruction techniques and variability indices in the 
drier zones of the central highlands of Kenya 

 
O. Kisaka1, C. Shisanya1, and G. L . Makhoka1 

 
1School of Pure and Applied Sciences; Department of Geography; 

Kenyatta University, P.O. Box 43844-00100, Nairobi, Kenya 
*Corresponding author, Email: oscarndinyo@yahoo.com  

Abstract 

Understanding spatial-temporal variability of climatic indices is an imperative facet to agricultural 
productivity and Natural Resource Management (NRM). Predominantly, meteorological stations are 
sole sources of climatic data but only limited to single locations. In sub-Saharan Africa, the predominant 
setbacks in analyzing hydro-meteorological events are occasioned by either lack, inadequate or 
inconsistent meteorological data. Like in most other places, the rainfall data within Mbeere district and 
the neighbouring stations are scarce with missing data making their utilization a challenge. Mbeere 
district represents a semi-arid region with low potential in terms of agricultural production. This study 
sought to determine the most appropriate geostatistical interpolation approach for spatial and temporal 
reconstruction of rainfall data in Mbeere based on the gauged data from the neighbouring 
meteorological stations. Rainfall data of the neighbouring stations were acquired and captured in the 
Microsoft Excel spreadsheet where missing data gaps were filled through correlation functions derived 
from elevation versus recorded rainfall amounts. Linear functions were derived and fitted into the GIS 
environment tool combined with the digital elevation model (DEM) for orographic construction of 
monthly average maps starting from January 2001 to December 2008 using various interpolation 
techniques. The performance of the various interpolation methods were assessed using root mean 
square errors (RMSE), mean absolute errors (MAE) and correlation coefficient (R) statistics and utilizing 
rainfall data from specific research site for validation. Based on the study results, the Kriging technique 
was identified as the most appropriate Geostatistical and deterministic interpolation techniques that can 
be used in spatial and temporal rainfall data reconstruction in the region. Finally, based on the 
constructed data, updated average monthly and annual rainfall maps of Mbeere district were produced.  
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Introduction 

Geographic information systems (GIS) and modelling have become dominant tools in agricultural 
research and, natural resource management (NRM). Thus, spatial and temporal estimates of climatic 
data are increasingly utilizing GIS modelling and applications (Collins & Bolstad, 1996) with prime 
intent of optimizing agricultural production. There is need for accurate and inexpensive quantitative 
approaches to spatial data acquisition and interpolation. In Kenya, smallholder farmers in the densely 
populated central highlands are resource deprived operating below the agricultural potential. They 
have been experiencing declining crop yields due to low, erratic and unreliable rainfall (Mugwe et.al., 
2006). Reduced rainfall has led to low soil water availability for crop productivity. Although water is 
limiting, it is either the rainfall distribution or lack of it that affect crop growth and final yields. 
However, to optimally utilize rainfall in the rain-fed agricultural system in the study area, 
understanding its occurrence, patterns and distribution both temporally and spatially through 
hydrological and meteorological analysis is required. Thus, information on rainfall events (rainfall data 
and patterns), flow depths, discharges, evapotranspiration, among other meteorological data for this 
region is required. However, most data in the meteorological stations in Mbeere are inconsistent, 
unrecorded or missing; leading to more discrete and unreliable data for analysis apart from the main 
stations themselves being several kilometres from the target area.  
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Utilization of the spatial tools, Inverse Distance Weighted (IDW), Spline and Kriging interpolation 
techniques are some of the applications exhausted in the ArcGIS tool essential for data reconstruction. 
Kriging is a Geostatistical gridding and flexible technique that has proven useful and popular in many 
fields and is supported by the ArcGIS software. This technique generates visually appealing maps from 
intermittently spaced data. Kriging attempts to convey the trends produced by data, so that, for 
instance, high points being joined along a ridge rather than be isolated by bull's-eye form of contours. 
This depends on the user-specified parameters during data input. It integrates anisotropy as well as the 
underlying trends in an efficient and natural way (Yang et al., 2006). Unlike the other interpolation 
techniques supported by the ArcGIS Spatial Analyst, Kriging utilizes an interactive analysis of the 
spatial trends of the events represented by the z-values before selecting the accurate estimation 
technique for spawning the output surface. IDW interpolation overtly implements the premise that 
things that are close to each other are more identical than those that are farther apart. Thus, predictably, 
values close to the gauged point have predominant influence on the generated value on assumption 
that the gauged value has a local influence which diminishes with distance. Spline technique estimates 
values via a mathematical function which minimizes general surface curvature, resulting into an even 
surface that interconnects all the input points. Conceptually, the gauged points are extruded up to the 
height of their magnitude.  

This study sought to utilize computer applications of ArcGIS tools to reconstruct rainfall data through 
appropriate and reliable techniques that employ geostatistical or deterministic interpolation techniques. 
To do this appropriately, homogeneity testing and frequency analysis were other objectives. The output 
of this study is invaluable to farmers, researchers and model users, for planning, designing and 
implementing effective and efficient agricultural programs and projects locally, regionally, and at 
national scale. 

Materials and methods 

Selection of the study area 

The study was conducted in Mbeere District in the Central Highlands of Kenya. Mbeere district lies in 
the Lower Midland 4 and 5 Agro-ecological zones (Jaetzold et.al., 2007) on the Eastern slopes of Mount 
Kenya at an altitude of between 700 m to 1200 m above the sea level (a.s.l.). The mean annual 
temperature ranges from 20.7o C to 22.5o C with soaring evapotranspiration trends. The area receives 
an average annual rainfall of between 700 mm to 900 mm. The rainfall received is bimodal with long 
rains (LR) from mid March to June and short rains (SR) from late October to December hence two 
cropping seasons per year. The site soils are predominantly Ferric (Jaetzold et al., 2007). Various 
agricultural-based studies have been carried out in the region hence the rationale behind its selection. 
According to (Mugwe et al., 2006), the region has experienced drastic declines in its productivity 
potential rendering its populace resource poor. There is a secure tenure system on land ownership but 
underscore in productivity due to inadequate information on the rainfall patterns. The prime cropping 
activity is maize intercropped with beans though livestock keeping is equally dominant. Some of the 
distinctive characteristics of this region are summarized in Table 1. 

Selection of study sites and data collection methods 

Mbeere district was purposively identified and primary and secondary data from five gauging stations 
were collected. Much of the primary data was acquired from the ongoing recordings at Embu, 
Kamburu, Kindaruma, Machang’a and Kiritiri Meteorological stations. Additionally, long term 
secondary data was acquired from the Kenya Meteorological Department in Nairobi. Further, 
supportive analyzed data was found in academic publication such as scientific papers, journals and 
resource books. 
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Results 

Rainfall Averages 

 

Figure 1: Comparative outlook of the generated and recorded amount of Mbeere District (Rainfall in 
mm Vs. Years) 

The results indicate a correlated trend amid the generated and recorded data.  

Homogeneity testing and frequency analysis (rainbow-iupware) 

The frequency analysis utilized normal probability distribution with various transformations for 
different months. Weibull method for estimating probabilities and method of moment (MOM) 
parameter estimation method were also utilized in all the analysis. The means, standard deviations, 
Kolmogorov-Smirnov Test and R-Square are shown in Table 4. 

Table 1: Data transformations and distribution tests before frequency analysis 

Month Transformation Kolmogorov-
Smirnov Test (K-
S) 

Non Nil 
values(n) 

Mean Std Dev. R2 (%) 

Jan cube root 0.1500 29 2.9 1.4 96 

Feb cube root 0.1146 22 2.7 1.2 97 

Mar square root 0.1557 32 10.1 3.3 96 

Apr square root 0.0560 32 17.2 3.9 98 

May square root 0.1457 32 12.4 4.2 94 

Jun log 10 0.0797 32 1.3 0.3 98 

Jul square root 0.0620 32 5.1 1.4 99 

Aug log 10 0.0805 32 1.5 0.3 98 

Sep square root 0.0826 32 5.2 2.3 98 

Oct square root 0.0817 32 12.2 4.6 98 

Nov square root 0.0961 32 15.4 3.3 98 

Dec square root 0.1240 32 8.0 3.6 96 
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Table 2: Frequency analysis results; Probability of exceedence and return periods of monthly rainfall 
events 

Probability of 
exceedence (%) 

Return 
period 
(year) 

Magnitude (rainfall mm) 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

20 5 64 40 164 419 253 41 40 53 50 258 331 117 

40 2.5 30 16 118 330 181 26 30 37 33 179 264 74 

50 2 20 9 100 295 154 22 26 32 27 149 237 59 

60 1.67 12 3 84 262 129 18 22 27 21 122 212 45 

80 1.25 2 0 50 193 79 12 15 19 11 70 159 18 

              

Spatial rainfall interpolation (ArcGIS spatial analyst application) 

The resultant annual rainfall maps of the three spatial interpolation methods are shown in Figure 2, 3 
and 4 whose source is ArcGIS 9.0 version. The patterns in the maps resulted mainly from the patterns 
generated from the mapping of the index value (the mean annual precipitation) and were influenced 
also by the special local conditions (elevation) including the nonexistence of altitudinal variability of the 
parameters of the distribution function and the interpolation methods used. From a statistical point of 
view, the spatial distribution of quantiles is theoretically better underpinned in the regional Kriging 
approach than in the other methods tested.  

         

Figure 2: IWM Average Rainfall Map   Figure 3: Kriging Average Rainfall Map  

 

 Figure 3: Spline Average Rainfall Map 
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Discussion 

Homogeneity test 

This test was intended to establish whether the collected date came from the same population. From the 
results, the number of outliers (the values that were not considered) was zero. Similarly, the Number of 
NIL-values (values above threshold) was also zero. Thus, the cumulative deviation had to be rescaled 
by dividing the initial and last values of the standard deviation using this equation; 

   (1). 

Critical Figures for the test-statistic that test the significance of the departures from homogeneity were 
also plotted in the Homogeneity plot menu as well (3 horizontal lines). None of the cumulative 
deviation crossed any one of the horizontal lines and hence no homogeneity of the data set was rejected 
at all the levels of probability.  

Frequency analysis 

The frequency analysis utilized normal probability distribution with assorted transformations for 
different months. Weibull method for estimating probabilities and method of moment (MOM) 
parameter estimation method were also utilized in all the analysis. The means, standard deviations, 
Kolmogorov-Smirnov Test and R-Square are shown in Table 1.  

In this study, the probability of exceedence at 50% was considered for analysis (Table 2). The months of 
January, February, June, July, August and September are characterized with low rainfall averages of 
between 9 mm and 32 mm. for any agricultural planning, these periods were considered dry season, 
while the other remaining months as wet season. The region is thus characterized by two rainfall 
seasons; of short rains and long rains (Figure 1). Being a dry land region, maize, beans, are some of the 
crops that the study recommends for wet seasons. On the other hand, millet, and sorghum could do 
well during the dry season.  

Interpolation  

The resultant annual rainfall maps of various spatial interpolation methods are shown in Figures 2, 3, 
and 4. The resultant patterns of spatial distribution for each map were an outcome of the generated 
patterns from the mapping of the index value (the mean annual precipitation). Besides, they were 
influenced by the spatial local conditions (elevation) including the nonexistence of altitudinal variability 
of the parameters of the distribution function and the interpolation methods used. From a statistical 
point of view, the spatial distribution of quantiles is theoretically better underpinned in the regional 
Kriging (Figure 3) approach than in the other methods tested. For this study, Kriging was extended by 
the regional regression for each index value for areas whose terrain or other controls could have 
contributed to the spatial variability of the trends. Despite the fact that usual mapping methods like 
Spline and IDW are considered ample only for simple climate patterns, here, their application was 
considered justified both by the properties of the data and the respective maps generated. Both methods 
presume that the modelled value is not dependent on spatial location. Additionally, they premise that 
variance of the differences amid two values predominantly is dictated by the distance between them 
but not locational variability. On the other hand this common feature showed that the results of both 
methods exhibit visually and numerically similar results (Figure 2 and 4). 

Conclusion and recommendations 

The study showed that the rainfall patterns of Mbeere are generally homogenous. Before frequency 
analysis of the rainfall data is done, various transformations are essential for the data to follow 
particular probability distribution patters. Weibull method for estimating probabilities and method of 
moment (MOM) parameter estimation methods proved to be sufficient for the task. The purpose of the 
study was to produce average maps of annual precipitation as rainfall indexes which could be used in 
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agricultural planning. In follow up investigations the mapped information could be further processed 
by different interpolation methods such as IDW, Spline and Kriging for temporal and spatial 
reconstruction of precipitation values. Kriging appeared to be the best technique despite showing high 
sensitivity to inconsistent density of the stations in the district, which was an initial limitation hence 
Kriging, this technique could be the method of choice. However, it still has some limitations including 
the high amount of required calculations, the need for expert judgment and the impossibility of 
normalizing the indices for a few months. 

Finally, it is recommended that within the month’s rainfall frequency analysis might be essential in 
order to better understand rainfall characteristics such as onset and cessation. Understanding these 
patterns is crucial especially for better farm management practices by the small scale farmers of Mbeere 
district and in the Central Highlands at large 
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