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Summary 
Climate variability, drought and other climate related natural disasters have a direct impact 
on both quality and quantity of the agricultural production. In many developing countries 
with limited technology the sustainability and productivity of the agricultural system is 
negatively affected by this climate variability. Seasonal climate prediction models have 
improved substantially over the last decade, and the predictions in many parts of the tropics 
are now sufficiently accurate that agricultural production planning can benefit from them. 
However, seasonal climate predictions are, in contrast to ordinary weather forecasts, prob-
abilistic in their nature, and so interpretation and communication of the seasonal climate 
predictions require a substantial effort before they can be of practical use. 
 
The objective of the present project has been to explore the possibilities of adjusting crop 
management practice for a selected agricultural crop (groundnut) in two regions in Ghana 
in Western Africa, making use of the best available seasonal climate predictions. The crop 
and geographical area has been selected in collaboration with the Department of Soil Sci-
ence, University of Ghana. The PNUTGRO crop model of the DSSAT software system has 
been applied to evaluate scenarios for modified crop management strategies, including 
choice of sowing time and crop cultivar. The seasonal climate predictions have been cali-
brated and validated against observed climate variables, which have been collected in col-
laboration with the national meteorological service of Ghana. 
 
The effect of using seasonal rainfall forecasts were analysed using actual seasonal forecasts 
from ECMWF for the period 1987 to 2000. In most cases the use of seasonal rainfall fore-
casts resulted in changes in simulated optimal sowing dates. However, this did not result in 
any marked changes in yields obtained. The starting date of the rainy season is very con-
stant in Northern Ghana, and this may be the reason for the small response here. There 
should be more possibilities for use of the forecasts in the coastal regions. However, the 
current seasonal forecasts seem to be too uncertain for choosing sowing time. There will 
probably be more use for seasonal forecasts for selecting short- or long-season cultivars, 
which depend on total season rainfall. However, this was not analysed in detail in the cur-
rent project. 
 
This project was only made possible due to financial support by RÅDET FOR ULANDS-
FORSKNING (RUF) for a period of two years (01-01-2001to 31-12-2002). Part of the 
work documented in this report has been finalised in 2003. 
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1. Project idea 
 
The overall objective of the present study has been to investigate the sensitivity in yield to 
climatic variations for groundnuts in Ghana, and to investigate the possibility for adapting 
planting and crop management practices based on seasonal climate predictions.  
 

2. Background 
 
The climate exerts crucial influences on soils, vegetation, water resources and land use. 
The growing awareness of the importance of population development, degradation of natu-
ral resources and the importance of sustainable development makes it essential to increase 
the understanding of the interaction between climate and agriculture, and to use this under-
standing for improving cropping strategies. The climatic variability, drought and other 
natural disasters directly influence both quantity and quality of agricultural production. In 
many developing countries with limited technology, climatic variability negatively affects 
the ability of the agricultural systems to sustain an adequate food production. The use of 
reliable seasonal weather forecasts may contribute to reducing the negative consequences 
of climatic variability. 
 
The use of numerical models for producing long-term or seasonal forecasts with a lead-
time of up to half a year is currently being intensively investigated in several parts of the 
world. The currently best numerical model is probably the one used at "European Centre 
for Medium-Range Weather Forecasts” (ECMWF), where DMI has direct access to all de-
tails of the forecasts. For this and other models it has been shown that the most reliable 
forecasts are obtained in tropical regions (Stockdale et al., 1998; Shukla, 1998). However, 
such seasonal forecasts are not widely used in practice, in particular not in developing 
countries. For this project it has been necessary to verify whether the model gives suffi-
ciently reliable predictions for practical use, and it has been one of the aims in the project 
to use the knowledge of the project participants to test this for a selected crop in West Af-
rica. 
 
There is still an obvious need for an interdisciplinary effort in this area. In most countries 
where the current quality of seasonal forecasts should make a practical use possible, there 
is not the necessary collaboration between climate researchers and agricultural researchers. 
In Australia where the relationship between El Niño/Southern Oscillation (ENSO) and the 
yields obtained are just as strong as between ENSO and rainfall (Rimmington & Nicholls, 
1993), there are already a number of examples of successful agricultural applications of 
seasonal weather forecasts. This is primarily due to agricultural production in Australia be-
ing predominantly determined by lack of water and thus rainfall. Similar results have been 
obtained in Southern Africa (Mason, 1998; Martin et al., 2002; Phillips et al., 2002) and 
West Africa (Adiku & Stone, 1996; Ingram et al., 2002). Results from use of models for 
simulating crop production shows that there are considerable potentials under tropical con-
ditions to better adapt cropping strategies to the climatic conditions in a given year (Lal et 
al., 1993). With the better predictions of climatic conditions during the growing seasons it 
is therefore important to investigate the possibilities of including seasonal weather forecasts 
in planning of agricultural production. 
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Hansen (2002) listed a number of prerequisites for successful use of seasonal weather fore-
casts in agriculture, and he suggested three phases in the attempts to apply seasonal weather 
forecasts: an investigation phase to increase the understanding and to assess the potential, a 
pilot phase characterised by a mutual learning between researchers and decision makers, 
and an operational phase focused on the involvement and equipment of the relevant institu-
tions. This project has just initiated the first phase, and there are in general very few places 
in the world where the last phase is currently being initiated for selected crops (Everingham 
et al., 2002; Nelson et al., 2002). 
  

3. Methodology  
 

3.1 Seasonal climate forecasts  
 
As a very first priority, the climate (monthly averages of precipitation, temperature, humid-
ity, etc.) for the selected region in West Africa was described in details for a period of at 
least 15 years. The regions in concern – representative for the northern and southern Ghana 
are characterised by variations in precipitation, which have a profound impact on crop pro-
duction (Osafo, 1976; Adiku et al., 1997) – were selected in collaboration with University 
of Ghana (Dr. Samuel Adiku).  
 
The collection of climatic observations was performed in prolongation of an already exist-
ing collaboration between DMI and Ghana Meteorological Services Department (Deputy 
Director Frank P. Mote). Knowledge about the observed climatic variations in the selected 
areas during a longer period was then used to drive a crop model in order to assess the po-
tential in using seasonal forecasts, as the observed climate is a perfect proxy for a perfect 
seasonal forecast. Conversely, the minimal usage of a seasonal forecast can be assessed by 
knowledge of the normal climatic variability, e.g. no access to a seasonal forecast at all. 
The real value of a seasonal forecast in the form of increased yield and reduced risk will be 
somewhere in between what can be obtained without any seasonal forecast (but with 
knowledge about the observed climate variability), and what can be obtained using a per-
fect forecast. In the present study, it turns out to be difficult to elude on the unique value of 
seasonal forecasts (see Section 5 on seasonal forecasts) 
 
The modelled seasonal forecasts could not be used in their raw form. Firstly, the horizontal 
resolution of the seasonal forecast model is too coarse (app. 200 km); secondly, the forecast 
results need to be converted into a probabilistic measure. It is essential to be able to provide 
an uncertainty measure along with the prognosis itself; otherwise the potential user will not 
be able to assess the risks associated with decisions made based on the forecast. For this 
reason a downscaling procedure was developed. This allowed the coarse resolution fore-
casts to be calibrated and produced for local applications. In turn the downscaled informa-
tion could be used as representative climate predictions for the local area with the crop 
model. The downscaling and calibration of this has been made using statistical relations 
between modelled variables (i.e. the precipitation over a larger area) and observed variables 
in the region of interest (i.e. the precipitation measured at a specific site) according to Fed-
dersen et al. (1999). Probabilistic forecasts are furthermore based on ensembles of individ-
ual forecasts, which have been calculated using different atmospheric initial conditions 
from several different climate models. 
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3.2 Seasonally adapted crop management strategies 
 
Initially the cropping practices in the selected areas in Ghana were characterised, and a sin-
gle crop (groundnut) was selected for further study. The sensitivity of the current cropping 
systems with respect to yield levels, yield variability, drought, flooding, erosion, nutrient 
leaching etc. was also described. This was done based on existing reports from the areas 
and by interviewing agricultural experts in the areas. This last part was performed in col-
laboration with Geographical Institute at Copenhagen University (see the section on col-
laboration in Denmark). Groundnut was selected as a suitable crop as this crop is also in-
cluded in the DSSAT model system (Decision Support System for Agrotechnology Trans-
fer) for simulating crop production (Tsuji et al., 1994). There is a growing use of DSSAT 
in the region and contact was established to these groups. Both climatic and crop data were 
collected for this crop in the region. This has primarily concerned data from field experi-
ments performed by universities and research institutes. Such datasets are scarce and have 
dominated the choice of crop for the investigation. 
 
The data collected have been used for calibrating and validating the crop model prior to use 
with the seasonal forecasts. The data have also been used to define the controlling condi-
tions for model calculations, including soil conditions, irrigation, nutrient applications, crop 
varieties etc. Initial model runs together with data collected on real farms have been used to 
clarify the primary reasons for lower productivity on actual farms compared with simulated 
results. This has been used for defining restriction in the scenarios for possible cropping 
strategies. 
 
The sensitivity of the current cropping systems in groundnut to climatic variability was in-
vestigated using the crop model by simulating the climatic variability with a weather gen-
erator (Semenov and Barrow, 1997). The weather generator has been calibrated using data 
from climate stations in the selected regions in Ghana. The scenarios for planting time and 
varieties were subsequently tested with the crop model using the climate forecasts for each 
growing season. The weather generator was also used to downscale the seasonal weather 
forecasts, because the crop model requires daily data for temperature, rainfall and global 
radiation. The simulated results were used to estimate a risk profile (frequency distribution 
for yields) for each of the scenarios. This was used to determine the possible benefits from 
seasonal weather forecasts, because these profiles can be compared with risk profiles for 
the baseline scenario. 
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4. Experience gained during the project 
 

4.1 Acquiring of meteorological data from Meteorological Service      
Ghana 
 
Since 1997, DMI has had collaboration with Meteorological Services Department, MSD of 
Ghana as part of project on water resources. The project has been supported by DANIDA 
and has the title: Strengthening of Water Resources Information Services (WRIS). The 
primary goal of the WRIS-project has been to increase the amount of and accessibility to 
meteorological data. This has been obtained via a general re-establishment of meteorologi-
cal stations, improvement of data collection, data bases, and handling of data. It is impor-
tant to stress that data in most cases are collected manually and later digitized after they 
have arrived at the main office of MSD in Accra. 
 
On the basis of the connection between DMI and MSD via the WRIS project, the data for 
the present project has been more easily available than otherwise. Even so, the delivery of 
data has been much delayed, which is basically due to the lack of digitalization of the most 
recent data, data was available in different units (Fahrenheit and Celsius), the staff in the 
unit processing the data was busy on many other tasks, and finally, the head of unit went on 
a longer visit to the UK.  
 

4.2 Field work in Ghana 
 
Two visits were made to Ghana by Jørgen E. Olesen, each visit lasting 2-3 weeks. The base 
for the visits was University of Ghana, Legon, and the visits were carried out in April 2001 
and April 2002. 
 
During the first visit to Ghana the possibilities of using crop models in Ghana was investi-
gated. The use of such models has been very modest, but there is an increasing interest in 
this at University of Ghana in Legon (Dr. Samuel Adiku) and an emerging use at Savannah 
Agricultural Research Institute (Dr. Jesse Naab). The use of crop models has concentrated 
on groundnuts in Northern Ghana, and the PNUTGRO model of DSSAT has been cali-
brated for this. The varieties used in Northern Ghana, however, deviates from the varieties 
used in the coastal savannah region, and there was thus a need to adapt the model for this 
part of Ghana. 
 
After the initial discussions with the collaboration partners in Ghana (primarily Dr. Adiku 
and Dr. Naab), the groundnut crop was selected for the project. Groundnut is an important 
crop in Ghana, and is used in many national dishes. Also it can be roasted and eaten as a 
dessert or as a snack. The roasted groundnuts can also be further processed for food oil and 
confectionary. It is also an important protein source for both human and animals. The straw 
from the groundnut production is used for cattle feed during the dry season, and is even 
sold on the local markets. Groundnut production is most widespread in the northern part of 
Ghana, including Upper West Region, but there is also a significant cultivated area in the 
eastern coastal savannah region, including the Akatsi district. Groundnuts are primarily 
grown for use on farm, but it is not uncommon for households to sell a part of the produc-
tion on the local markets. 
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The possibilities of performing field trials at the university and investigations on farmers' 
fields were looked into during the first visit to Ghana. The university farm was visited and 
so were selected farms in the Akatsi district. Additionally the possibilities of supporting 
research and education on crop models at the University of Ghana were discussed. During 
the last part of the project a M.Sc. student at University of Ghana has been associated with 
the project. This student has performed his own field experiments with groundnut and ap-
plied the models in the DSSAT system. The project has also been a contributing factor to 
courses on crop modelling at the University of Ghana. Finally Ghana Meteorological Ser-
vice was visited. 
 
The first visit to Ghana resulted in a memorandum of understanding between Danish Insti-
tute of Agricultural Sciences, University of Ghana and Savannah Agricultural Research In-
stitute. This included conducting a field experiment on the university farm in Legon, which 
could form the basis for calibrating the model for use in the coastal savannah region. Also a 
characterisation of the current cultivation patterns of groundnut in the coastal savannah 
(Akatsi District) and the Upper West Region (5 districts: Wa, Nadowli, Jirapa/Lambussie, 
Lawra and Sissala) was initiated. 
 
The second visit in April 2002 was primarily a follow-up on the agreements and the initi-
ated studies. The characterisation of groundnut production had been performed at all sites, 
but only reported for the Akatsi district, because the data and the report from Northern 
Ghana was lost on a PC that had a disk crash. This report has later been recreated. The cul-
tivation experiment at the university farm was conducted according to the plan, but the crop 
was severely damaged by root disease some time before harvest. However, the first com-
parisons between the model and data showed a good agreement, and it was therefore de-
cided to repeat the experiment in 2002 and to take samples of crops at selected farmers in 
the Akatsi region for comparison with the model simulations. 
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4.2.1. Field experiment at Legon 
 
Two field experiments with groundnut were performed at the university farm at University 
of Ghana, Legon (5°36'N, 0°10'W) on an Acrisol. The first experiment was carried out dur-
ing the minor rainy season in 2001, and the second experiment was carried out during the 
major rainy season in 2002. The previous crops were okro and maize for 2001 and 2002, 
respectively, and the sites were left fallow at least two months before the groundnut ex-
periments. The soil was ploughed and harrowed before sowing. PK fertilisers were sup-
plied at emergence, with 13 kg P and 17 kg K per ha in 2001 and 30 kg P and 20 kg K per 
ha in 2002. Weeds were controlled by manual weeding. 
 
The experimental treatments in 2001 were two varieties, with/without irrigation and 
with/without fungicide control. The experimental treatments in 2002 were two varieties, 
two plant densities and two sowing times. In 2001 the entire experimental area was at-
tacked by root disease about 4 weeks before harvest, and it was not possible to control this 
disease with the available fungicides. In 2002 data from the late sowing time had to be dis-
carded due to poor emergence. Plant samples were taken at bi-weekly intervals for charac-
terising crop development and growth (Figure 1). 
 
As there were problems in obtaining climate data in electronic form from Ghana Meteoro-
logical Service, University of Ghana had to buy these data in paper format from Ghana Me-
teorological Service. The climate data was then entered in a spreadsheet and used for cali-
brating the crop model using data from the field experiment. 
 

 
 Photo 1. Establishment of the field experiment at University of Ghana. 
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Figure 1. Observed and simulated time course of leaf area index, above-ground biomass, 
weight of pods and seeds for two varieties (Kpdevi and Goronga) and two plant densities in 
the field experiment at University of Ghana in 2002. The vertical bars show standard error of 
the observations. 
 
 
 
 



Danish Climate Centre Report No. 03-02  9 
 

  
 

4.2.2 Overview of current groundnut crop management 
 
In the autumn 2001 interviews were carried out with groundnut farmers in the Akatsi Dis-
trict in the coastal savannah region and in five regions in the North West Region of Ghana. 
Yield measurements were taken on a number of groundnut farmers' fields, in the autumn 
2001 in all districts and in the summer 2002 in the Akatsi district. 
 
The majority of the groundnut farming in the Akatsi district was located on farms with an 
area of less than 1 ha (Adiku et al., 2001). Very few of the farmers had more than 10 year 
of formal education. There was little emphasis on increasing the soil fertility, and most of 
the farmers had only very limited knowledge on the importance of nodulation for N-uptake 
and yield, and they did therefore not inoculate the seeds before planting. The yields were 
generally small, less than 1 ton/ha. Higher yields would be obtainable through better choice 
of planting date and plant density and through better control of soil fertility. 
 
 

 

Northern West Region (NWR) was surveyed by interviewing 100 groundnut farmers. The 
average farm size was ca. 1 ha. However, the Wa and Lawra districts had farms up to 4 ha, 
primarily because of lower population densities here. Only 21% of the farmers had at-
tended primary school, and the rest were thus illiterate. This occurred despite a large spread 
in age of farmers and an average age of 45 years. 77% of the farmers cultivated groundnuts 
for both on-farm consumption and for sale, whereas 19% cultivated for sale only. Only 
57% of the farmers received assistance from advisors on groundnut cultivation. 
 
Most farmers indicated that the area with groundnut had been increasing over some time. 
This was primarily a consequence of declining soil fertility and less financial resources for 
buying fertilisers for cereal production. Groundnut does not require fertiliser and needs 
fewer pesticides, and is therefore more attractive than cereals. In cases where groundnut 

Photo 2. Visit at groundnut farmer in the Akatsi district 2002. 
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cultivation had been declining, this has mainly been caused by bottleneck problems with 
labour. 
 
Groundnuts in NWR were sown between April and July with the majority of sowings oc-
curring in May and June, but still with a very large variation. Five main types of groundnut 
were cultivated. Two of these are improved varieties (Chinese, a 90 day variety, and Ma-
nipinta, a 120 day variety), and three are local varieties. 73% of the farmers grew Chinese 
and 17% Manipinta. 71% of farmers used their own harvested crops for seeds, and only 
11% bought certified seeds. Groundnut was intercropped with other crops in about half of 
the cases to increase yield stability. The observed plant densities varied from 5 to 20 plants 
m-1 with a recommended plant density of 10 plants m-2 for the variety Chinese. The yields 
varied considerably between farms, but generally yields were about 1 t ha-1. 
 
The growers in NWR were asked which factors were the most limiting for groundnut 
production (Table 1). Infrequent rainfall was specified as the most limiting factor. 
However, declining soil fertility was also seen as an important issue. 
 
Table 1. Limitations in groundnut production in Upper West Region (number of replies). 
Constraint Rank 1 Rank 2 Rank 3 Total 
Infrequent rainfall 19 3 4 26 
Declining soil fertility 20 3 1 24 
Lack of credit 9 - 1 10 
Weeds 1 6 2 9 
Labour 1 3 - 4 
 
The observed yields from the farmers' surveys were supposed to form the basis for valida-
tion of the crop model. However, climate data from Ghana Meteorological Service was not 
acquired before May 2003 and it was thus not possible to use these data within the project 
period. 
 

4.3 Collaboration within Denmark 
 
The present project was initiated due to a number of more or less formalized initiatives 
taken in order to try to combine the well established Danish expertise on weather and cli-
mate modelling on the one hand with similar established expertise within agriculture, crops 
modelling and management in particular. Since the early phase of the project interests in 
the project was indicated by the Institute of Geography, University of Copenhagen. Con-
nections between the present project, and other projects with focus on Ghana were identi-
fied. In particular, these initiatives developed into a master thesis project drawing heavily 
on some of the meteorological data, which have been acquired by the present project. Simi-
larly, the crop model which has been used was also applied in the master’s work. For these 
reasons, we have also included a description of the master thesis project in this report (see 
Section 8). 
 
In order to ensure a smooth management of the project, a series of small working meetings 
were arranged with participants from DMI, DIAS, and the Institute of Geography. In the 
early phase of the project an informal meeting was also head with the Director of the  
Meteorological Service Ghana, who was visiting DMI in connection with another project. 
This meeting in particular was very instrumental in getting the access to meteorological 
data initiated. Unfortunately, it was not easy to maintain this contact as a stronghold, but 
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individuals from DMI, who were visiting MSG were able to assist in making progress in 
data the delivery.  
 
 
5. Seasonal forecasts 
 

5.1 The climatological rainfall in Ghana 
 
Climatically Ghana can be divided into four zones 
(Opoku-Ankomah and Cordery, 1994): (a) A 
rainforest region in southwest with large annual 
rainfall amounts, falling mainly in two rainy 
seasons in May-June and around October; (b) a 
southern coastal zone with less rain falling also 
mainly in May-June and around October; (c) 
central Ghana with one long rainy season from 
May-October; (d) northern Ghana with one rainy 
season in July-September. The climatological 
rainfall distribution is shown in Fig. 3 for 17 
synoptic stations in Ghana shown in Fig. 2. 
 
As indicated in Fig. 3 the rainfall amount can vary 
substantially from year to year. Rainfall in the 
southern part of the country is to some extent 
related to the sea surface temperature (SST) in the 
Gulf of Guinea, while the position of the West 
African monsoon trough is more important for the 
interannual rainfall variation in the northern part of 
Ghana.  It has been shown that there is a statistical 
link between El Niño and rainfall in the Sahel 
region (Rowell et al., 1995). This may possibly 
also affect northern Ghana. 
 

 
 

5.2 The concept of seasonal forecasting 
 
A seasonal forecast is traditionally a forecast for the coming season(s). In the following we 
consider forecasts up to six months ahead. The forecasts are based on calculations in a cli-
mate model that includes the physical laws that determine circulation, temperature, etc. in 
the atmosphere and oceans. Such a climate – or general circulation – model is complicated 
and computationally expensive to run, and so the details that can be described with such a 
model, are limited. The climate model that has been used in this project has a horizontal 
resolution of approximately 200 km. 
 

Figure 2. Ghanese synoptic weather sta-
tions used in this project. 
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The atmospheric part of the climate model is very similar to the models that are used for 
operational numerical weather prediction. Like in numerical weather predictions, the accu-
racy of the forecasts drops quickly during the first few days of the forecast. 
 
Numerical weather prediction is a typical example of an initial value problem: The state of 
the atmosphere is known at a given time (or at least we assume it is known) from an analy-
sis of meteorological observations, and the evolution in time of the initial state is computed 
using the numerical weather prediction model. In seasonal forecasting we have an initial 
value problem for the oceans (and, in theory, also for other relatively slowly varying vari-
ables, e.g. soil moisture), while predictability of the weather becomes a boundary value 
problem, where the lower boundary condition is given by the sea surface temperature 
(Shukla, 1998). 
 
Thus, seasonal forecasting is based on the notion that slowly varying SST modulates the 
weather, and the key to accurate seasonal forecasts is the ability to make accurate SST 
forecasts. But even with perfect SST predictions we would not be able to predict the at-
mospheric day-to-day variability (“the weather”) months ahead. At most, we can expect 
forecast skill for statistics about the weather, e.g. the accumulated rainfall in a three-month 
period.  This limited predictability is not only due to shortcomings in the models.  It is also 
a consequence of the chaotic nature of the climate system, especially the atmospheric com-
ponent.  In applications of seasonal forecasts it is therefore important to take into account a 
substantial forecast uncertainty.  In practice the uncertainty is estimated by considering an 
ensemble of forecasts where each member of the ensemble represents a possible develop-
ment.  If the individual ensemble members a priori are equally likely, then the ensemble 
mean is an estimate of the most likely forecast. 
 
The forecast skill for Ghana was estimated by validating five-member ensemble hindcasts 
for the period 1987-2001. Together with observed rainfall for the same 15-yr period, these 
hindcasts were used to derive a statistical relationship between climate model output and 
observed rainfall which subsequently was used to downscale the climate model output. 
 
The model forecasts that we used, are state-of-the-art seasonal forecasts from the European 
Centre for Medium-Range Weather Forecasts (ECMWF). The forecasts are based on a sys-
tem that analyzes the state of the oceans and the atmosphere at the beginning of the forecast 
and computes the evolution in time using a coupled ocean-atmosphere general circulation 
model (Stockdale et al., 1998). The forecasts are made once a month when an ensemble 
comprising 40 members is generated, and the model is integrated six months ahead in time 
for each ensemble member. 
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Figure 3.  1961-2000 rainfall climatologies in mm for the stations shown in Fig. 2.  Black 
lines show 40-yr average; green lines show 5% and 95% quantiles. 
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5.3 Downscaling Predicted Rainfall 
Even if the seasonal forecasts were perfect, we would expect significant differences be-
tween predicted and observed rainfall at the weather observing stations, due to the rela-
tively coarse horizontal resolution of the seasonal forecast model.  With a resolution of ap-
proximately 200 km the model does not include many local features, including details of 
the orography which may be important for local rainfall.  In addition, the horizontal resolu-
tion of the model is so low that one model grid box may include several weather stations.  
In order to compensate for these limitations, the model output is downscaled, whereby 
model simulated rainfall is transformed to rainfall for the individual weather stations, using 
a statistically derived relation between model output and observed rainfall. 
 
Statistical downscaling can be done using a number of different methods (von Storch and 
Zwiers, 1998).  In addition, downscaling can be done dynamically, using a regional climate 
model (Giorgi and Mearns, 1999), but dynamical downscaling is computationally expen-
sive, and it is not clear that better results will be obtained.  In the present project we used a 
downscaling technique that is based on statistical specification of seasonal total rainfall 
from large-scale rainfall patterns that are assumed to be well-simulated by the models.  Re-
cently, several variations of this technique have been successfully applied to seasonal simu-
lations (Feddersen et al. 1999; Gershunov 2000; Kharin and Zwiers 2001; Widmann et al. 
2003; Tippett et al. 2003).  The large-scale patterns that are used as predictors for the statis-
tical downscaling are determined as the singular vectors of a singular value decomposition 
(SVD) of the cross-covariance matrix of model output seasonal total rainfall and observed 
seasonal total rainfall at the synoptic weather stations in Ghana.  The downscaling uses a 
Model Output Statistics (MOS; Wilks 1995) approach where the 15-yr period 1987-2001 is 
divided into a training period and a validation period.  The SVD analysis is applied to 
model output and corresponding observations in the training period, and subsequently sea-
sonal rainfall is specified by linear regression based on a few significant SVD time series. 
 
The main advantage of using a MOS-type downscaling is that systematic errors are auto-
matically corrected for; not only constant biases, but also flow-dependent systematic errors 
such as, e.g., a rainfall pattern that is systematically displaced during El Niño episodes.  We 
note that although the downscaling is linear, the coupled ocean/atmosphere models are 
nonlinear, and so the downscaled predictions are in general still nonlinear in nature. 
 
The downscaling results are verified against station observations using cross-validation 
(Michaelsen 1987).  Typically, the training period includes all years, except one.  A predic-
tion is made for the excluded year and stored.  This is repeated for all years, and the predic-
tive skill is estimated from the stored predictions.  By using cross-validation the predictions 
are verified against independent data.  The relation between model predicted and observed 
rainfall is seasonally dependent, so each season was treated separately, thus reducing the 
training data available for the statistical downscaling. 
 
A general problem associated with predictions that are based on linear regression, is that 
the variance of the predictions is unrealistically small, particularly when the correlation be-
tween predictor and predictand is small.  In order to compensate for this the downscaled 
predictions were inflated to ensure that the variance of the predictions matches the ob-
served variance (Karl et al., 1990). 
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5.4 Results for Ghana 
 

Figure 4 shows cross-validated correlations between downscaled seasonal predictions and 
verified observed rainfall for the two seasons March-April-May (MAM) and June-July-
August (JJA) for forecasts initiated on 1 March.  For most stations the correlations are posi-
tive, but for no stations exceeding 60%.  The relatively low correlations between predic-
tions and observations that are typical for seasonal predictions (Palmer et al., 2003), are 
caused, primarily, by the inherent limited predictability for seasonal predictions.  However, 
the correlations are relatively uncertain estimates of the predictive skill, due to the short 
period (15 years in total) available for training and validation of the statistical downscaling 
model. 

The correlations are in most cases higher for the first three months than for the last three 
months, and they tend to be higher near the coast, presumably due to a direct influence 
from the sea surface temperature. 

Figure 5 shows monthly and seasonal downscaled predicted rainfall, as well as observed 
rainfall, for Accra which is the station with the best correlation between observed and pre-
dicted rainfall.  Although the correlations for the first three months are low (−0.04, −0.04 
and 0.16, respectively), the correlation for the total three-monthly seasonal rainfall is 0.43. 

 
Figure 4. Correlations in % between predicted and observed rainfall anomalies for 1987-
2000.  Only positive correlations are shown.  Seasonal forecast initiated on 1 March.  Left: 
correlations for the first three months (March, April, May).  Right: correlations for the follow-
ing three months (June, July, August).  Correlations are calculated for the downscaled value 
of the ensemble mean. 
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Figure 5.  Predicted and observed rainfall for Accra for March-August.  Observations are shown 
in red; downscaled rainfall for the individual ensemble members as blue squares; ensemble 
mean of downscaled rainfall as black line; and downscaled value of ensemble mean as blue, 
dashed line.  Inserted numbers in black and blue show correlations between observed rainfall 
and black and blue lines, respectively. 
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6. Modelling of groundnut crops 
 
The PNUTGRO v3.5 crop model was used to simulate development, growth and yield of 
groundnut under different climatic conditions and as affected by the natural variability in 
rainfall. PNUTGRO is a process based model for pulses, which simulates crop growth and 
development, water transport in soil and crop and nitrogen balance. The model is included 
in the DSSAT v3.5 system. The model was described by Boote et al. (1997, 1998), and it 
has been used in India for decision making on cropping practices under variable rainfall 
conditions (Gadgil et al., 2002). In this project it was assumed that nutrients, weeds, pests 
or diseases did not limit crop growth. The crop production was thus assumed to be limited 
by climate and soil water holding capacity only. 
 
The model was adapted for use in Ghana by calibration on data from the field experiments 
at Legon (two varieties: Kpdevi and Goronga) and by using earlier calibrations of the 
model on two varieties (Chinese and F-mix) in Northern Ghana. The varieties varied 
somewhat in growth duration, but unfortunately not as much as desirable. Goronga has a 
longer growing season than Kpedvi, and F-mix has a longer growing season than Chinese. 
These differences are seen in the simulated yields (Figure 6), where the varieties with a 
longer growing season under normal conditions and at optimal sowing time will give the 
highest yield. It should be noted that all yields shown in the graphs are net yields, where the 
seed weights have been subtracted from the simulated yields. 
 
The model was applied to climate data from four sites in Ghana (Accra and Ada in the 
southern coastal savannah region, and Wa and Tamale in the northern savannah region). 
The available climate data from 1960-1990 was used to calibrate a weather generator (Se-
menov and Barrow, 1997). This weather generator could therefore be used to generate daily 
climate data with the same climatological characteristics as the original data. The yields in 
Figure 6 are average of model simulations using 90 years of generated weather data. 
 
An analysis of the relationship between simulated yield and climate showed that the yield 
was predominantly influenced by rainfall from flowering to maturity. The average rainfall 
during this period is shown for different sowing dates in Figure 6. This cumulated rainfall 
peaks at a sowing date slightly earlier than the sowing date giving the highest yield, which 
indicates that the yield during early crop growth (prior to flowering) does have some influ-
ence on yield. 
 
The highest yields at Ada and Accra were obtained for sowing around 20 April, whereas 
the optimal sowing dates at Wa and Tamale were ca. 20 June for F-mix and ca. 10 July for 
Chinese. The sowing date used in the Akatsi region is March to April, and in northern 
Ghana sowing occurs in May to June. The simulated optimal sowing dates were thus in 
both cases slightly later than the dates used in practice. There may be several reasons for 
this. Figure 6 shows that the yield reduction for earlier sowings compared with the optimal 
date is small, in particular for the variety Chinese, which is the most commonly grown va-
riety. Earlier sowing and a variation in sowing dates in general may contribute to increasing 
security of crop production in any particular year, even though the average yields may be-
come slightly lower. Additionally, actual yields may also depend on factors not covered by 
the crop model, including dry conditions during harvest, which may make the soil unsuit-
able for harvesting the pods and thus leading to crop loss. 
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An alternative explanation for the difference between observed and simulated sowing dates 
is that groundnut growers do not use the optimal sowing date, but generally sow the crop 
too early. One of the methods commonly employed by growers to determine the sowing 
date is the rainfall during the past week. Figure 7 shows the simulated yields, if this strat-
egy is used for choosing sowing date. This approach gives a considerably larger variation 
in yields and the average yield is also smaller than for the average optimal sowing date 
(Figure 6). This analysis suggests that there is a considerable potential in further analysing 
the approach of groundnut growers for choosing sowing date, and to analyse whether there 
is a basis for recommending another strategy based on optimal sowing date rather than the 
amount of rainfall during the previous period. It will of course also be required to demon-
strate the benefits of such an approach to farmers. 
 
The effect of using seasonal rainfall forecasts was investigated by using actual seasonal 
forecasts for the period 1987 to 2000. For Accra and Ada forecasts from February and 
March were used, and for Wa and Tamale forecasts from May and June. In all cases the 
estimates of the likely average rainfall for each of the coming six months were provided in 
the seasonal weather forecasts. These forecasts were used to change the climatic character-
istics used by the weather generator. Subsequently the crop model was run using 90 years 
of climate data generated by the weather generator using the new climatic characteristics. 
Figure 8 shows that the application of seasonal weather forecasts leads to a change in simu-
lated yield level as well as optimal sowing date in the individual years. The crop model was 
also run using the observed climate data from the individual years, also with varying sow-
ing dates (Figure 8). 
 
Based on these results optimal sowing dates were determined for each approach for the in-
dividual years (1987 to 2000). The optimal sowing date is the sowing date giving the high-
est yield, which under perfect knowledge varies considerably between years. The simulated 
yield using these sowing dates and the observed climate in the individual year was then 
used to evaluate the effect of choosing different approaches for choosing sowing date. The 
yield at the normal sowing date is the simulated yield in the respective year at the normally 
best sowing date (Figure 6), and the yield from using the seasonal weather forecast is the 
yield at the sowing date suggested as being optimal using the climate modified by the sea-
sonal rainfall forecast. 
 
Figure 9 shows the frequency distribution of yields for the different methods for two se-
lected varieties. There were only small differences in yields at the normal sowing date and 
at the sowing date determined by the seasonal weather forecasts. In some cases the normal 
sowing date gave higher yields and in other cases the seasonal forecasts were beneficial. At 
Tamale and Wa there were only small differences between the optimal yield under perfect 
knowledge and the yield obtained using normal sowing date or dates predicted by the sea-
sonal forecasts. The seasonal forecasts therefore have very modest scope for improving 
choice of sowing time in Northern Ghana. This is caused by the high regularity in timing of 
the rainy season in Northern Ghana. The timing of the rainy season in southern Ghana (in 
particular at Ada in the Akatsi district) is much more irregular and here seasonal forecasts 
may have a role for optimising sowing date. However, the current seasonal weather fore-
casts are as yet too uncertain for this purpose. 
 
The project also examined the possibility of using seasonal weather forecasts for selecting 
variety and planting density. In general the differences in characteristics of the varieties 
used in the investigation were too small to give significant results, and the interaction be-
tween amount of rainfall and the optimal plant density was also too small to be decisive for 
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choosing plant density. There is, however, probably a potential for using seasonal rainfall 
forecasts for improving variety selection, since the choice of variety is more related to the 
amount of rainfall than to the timing of the rainfall, whereas the timing of the rainfall de-
termines the sowing date. It may be more feasible to predict amount of rainfall than the 
timing, which suggests a need to further examine the potential for crop and variety choice 
based on amount of rainfall, including the possibilities for intercropping with other species, 
which may be coupled to rainfall and soil water content. 
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Figure 6. Effect of sowing time on yield for different varieties of groundnut at four sites in 
Ghana simulated for 90 growing seasons. The broken lines show the average rainfall from 
flowering to maturity of the groundnut crops. Error bars show the standard deviation of 
average yield. 
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Figure 7. Average yield of groundnut at Ada (top graphs) and Wa (lower graphs) at sow-
ing dates determined by a certain rainfall in the preceding week. Error bars show the 
standard deviation of average yield. 
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Figure 8. Simulated yields for different sowing times using seasonal weather 
forecasts for Ada from February 1987-1996. The dots connected with a dotted 
lines shown the simulated yield for the observed climate in the actual year. Er-
ror bars show the standard deviation of average yield. 
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Figure 9. Frequency distribution of yields at the optimal sowing date in the individual 
year (solid line), at the normal optimal sowing date (dotted line) and at the sowing 
date predicted to be optimal from the seasonal weather forecasts (dashed line).  
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7. Results and perspectives 

 
The results of the model analyses have established a framework for major changes in crop-
ping practices that can be employed for adapting cropping practices based on seasonal 
weather forecasts to improve food security and increase agricultural production. However, 
these cropping strategies will in a later phase need to be evaluated under practical farming 
conditions in the various regions. This will be needed both to verify the model results and 
to demonstrate the results to farmers and advisors in the regions. Depending on the out-
come of such a comparison, the need will emerge for simple guidelines on the use of sea-
sonal forecasts in the planning of crop production. There will also be a large need to extend 
the analyses to other crops and other regions. 
 
The project has not clearly demonstrated that the seasonal weather forecasts can be used 
with advantage for planning cropping strategies for groundnuts in the regions investigated. 
Further dissemination of the results to potential users in Ghana will therefore require con-
siderable further analyses. Subsequently a major task will be the dissemination of forecasts 
and recommendations to local advisors involved with farmers to ensure a sustainable crop 
production. We have in the project envisaged dissemination via the internet, where the ad-
visors could gain access to weather forecasts and to model estimates of the benefits and 
risks involved with different choices of crops, sowing dates etc. Within the project we have 
therefore designed a web-site, where the project aims and results have been published. 
However, it was clearly beyond the scope of the project to provide such an expert system, 
but this may become a key component in a later phase to ensure a successful exploitation of 
seasonal weather forecasts. 
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8. Summary of Master Thesis1 
 
Crop modelling using long-term climatic forecasts - the temporal and spatial correlation 
between rainfall and vegetation indices measured from satellite images 
 
Master thesis by: Rikke Harpøth, Institute of Geography, University of Copenhagen. 
Supervisor: Inge Sandholt, Institute of Geography, University of Copenhagen. 
 
Physical and agricultural data collection in developing countries such as Ghana is always a 
costly and a work consuming task. Often data does not even exist. Therefore the analysis of 
satellite images is a good alternative to using local ground data. It provides a means of im-
proving amount and quality of data. Research conducted on local sites is time and space 
specific. Satellite imagery is spatially and temporally consistent. The spatial availability 
makes research possible in remote areas and it gives an opportunity to regionalise the re-
sults. The temporal resolution varies for different sensors, but in general the possibility of 
making time series is present and in physical and agricultural science seasonality is an im-
portant factor. But remote sensing data does not provide parameters directly convertible 
into final yield or all the parameters needed by yield models. A method for estimation of 
plant parameters and final yield using the available satellite data is needed.  
 
My contribution to the main project was to regionalise the DSSAT35 output by combining 
it with MODIS products (remote sensing data obtained by satellites). The main objective of 
this sub-project was to investigate how satellite imagery can support the DSSAT35 model 
by delivering input data, and to test a simple algorithm for predicting regional yield based 
on vegetation indices (NDVI) obtained from the MODIS products using the modelled out-
put as validation. The spatial and temporal correlation between rainfall and NDVI was in-
vestigated. It is seen from several authors that there is a correlation between rainfall distri-
bution and soil water content and therefore with the amount of water available for the vege-
tation (Tucker et al. 1985, Rao et al. 1993, Ruimy et al. 1994, Running el al. 1995, Ander-
sen et al. 2002). It is therefore expected that the correlation between the rainfall and NDVI 
is high. As NDVI is correlated to the yield (Knudby 2001). 
 
NDVI time series 
The curve of NDVI during one growing season for groundnut is established for 2001 and 
2002 using MODIS data. Since it is expected that the NDVI curve for groundnut follows 
the curve for natural vegetation development, NDVI derived from MODIS images will be 
used for determining the yield of groundnuts, despite the relative low spatial resolution of 
500 m x 500 m pixels. It is interesting to determine the time periods, where the groundnut 
production is highly dependent on climatic parameters (mainly rainfall, but also tempera-
ture and radiation) and when there is a strong correlation between NDVI and final yield. 
This will be assessed through knowledge of the phenology of groundnuts, linked to the ap-
pearance of the NDVI development curve for a growing season. 
 
Surface temperature / NDVI 
NDVI provides information on vegetation fraction. The temperature of a surface provides 
information on the moisture content at the surface. The relationship between the two pro-
vides information on the condition of the vegetation present. The temperature of the surface 
is thus closely related to the amount of vegetation present, because vegetation captures 
                                                 
1 When this report was compiled the ”speciale” was not finished yet, expected mid 2004.  
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moisture and transpiration reduces surface temperature because of latent energy flux. Com-
pared to rainfall data, this gives an estimate of cultivation potential and an opportunity to 
optimise sowing dates.  
 
DSSAT35 (Decision Support System for Agrotechnology Transfer) 
DSSAT35 simulates how the yield responses to soil, weather, and management conditions 
(Tsuji, 1994). The model uses photosynthesis as a function of solar radiation and availabil-
ity of water and nutrients to predict the production of biomass and thus the production of 
seeds. Many of the parameters used by DSSAT35 are extractable from remote sensing 
methods (Directly: solar radiation, temperature. Indirectly: availability of water (water 
deficit) and production of biomass). It is attempted to use remotely sensed data for these 
parameters to regionalise the output of DSSAT35. The model will be used for several pur-
poses:  
1) To check the sensitivity of the crop of planting dates, rainfall regimes, radiation, tem-
perature, soil water content. The most sensitive parameters will later be used in a regionali-
sation of the model output.  
2) To obtain the ’true’ yields of the regions by varying planting date, cultivar and plant 
density.   
3) To create a harvest index to be used in regionalisation of yield. 
 
Linking remote sensing and DSSAT35 
The net primary production (NPP) can be obtained from satellite data in two ways: 1) Inte-
gration of the NDVI curve gives an estimation of NPP, 2) NPP = fAPAR x PAR x RUE. 
Daily fAPAR can be calculated directly from daily NDVI. These are then accumulated 
throughout the growing season. NPP from satellite data will be compared with the total bio-
mass derived from the DSSAT35.  
The NPP from the two methods can then be reduced by a harvest index to get the seed 
yield. The final yield will be obtained through three different methods and the strengths and 
constraints of each will be evaluated: 
1) Yield is obtained directly from remote sensing by a simple equation based on integration 
of the NDVI curve.  
2) Yield is obtained from the NPP multiplied by a harvest index simulated by the 
DSSAT35 model. The model calculates a harvest index automatically. The harvest index is 
regionalised through the climatic data.  
3) Same as 2), but the harvest index is derived from satellite data. The relationship between 
surface temperature and NDVI provides information on drought incidents and of when dur-
ing the plant development stages drought has a determining effect on the final yield. Com-
paring these three methods for obtaining regional yield shows the potential in the model as 
well as the satellite based regionalisation. 
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