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1 Introduction 

1.1 Introduction 

In recent decades, the precipitation in the Dayi basin has declined and rainy seasons 

shortened. This caused the baseflow of the Dayi River to decrease. This trend is likely 

to continue due to climate change. At the same time, the (agricultural) population is 

growing, and farmers are considering irrigation to deal with increasingly dry 

circumstances. To identify the sustainability of future water allocation for agriculture, 

the Water Evaluation Planning (WEAP) model is applied to the Dayi Basin. The model 

and its outcome can support the Ghanaian Water Resources Commission in water 

resources planning. 

The starting point of the basin modeling is to establish and define the basic water 
related elements of the Basin and their relations as they currently exist. This includes 
the specification of supply, demand and resource data, including information on dams 
and reservoirs, as extracted from sources such as the population census, satellite 
images and hydrological measurements. 

1.2 Introduction to WEAP 

WEAP is a practical integrated model for water development, based on water demand 

of various uses. It combines a simple GIS-based physical model of water supply and 

availability, demography, and changes in water demand of various uses. Through 

practical tools it enables to bring water demand planning and allocation on equal 

footage to water supply, both in space and over time. 

WEAP can simulate a broad range of natural and engineered components of water 

systems, including rainfall runoff, baseflow, and groundwater recharge from 

precipitation; sectoral demand analyses; water conservation; water rights and 

allocation priorities, reservoir operations; hydropower generation; pollution tracking 

and water quality; vulnerability assessments; and ecosystem requirements. Different 

scenarios can be generated to explore potential future effects of changes in runoff, 

streamflow and water supply (e.g. through climate change, land use change, 

implementation of water recycling) and water demand (e.g. population growth, 

irrigation, economic development). For more information, see www.weap21.org. 

A brief detail of the processes to incorporate these two modules will be discussed 

including the parameterization and subsequent validation of the tool.  

1.3 Dayi River Basin 

1.3.1 Recent changes in rainfall and temperature 

The water availability in the Dayi River basin has changed dramatically in recent years, 

and climate change is expected to augment these. The tropical south of Ghana has a 

bimodal wet season with rainfall peaks in June and September. The average annual in 

the Dayi River basin rainfall decreased from 1700 mm/year in 1975 to 1400 mm/year 

at the present. The rainy season has shortened. Dry season base flows of the Day River 

have decreased during the last 40 years from above 5 m
3
/s to less than 2 m

3
/s at 

present, and some perennial springs have become intermittent. The mean annual daily 
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temperature has increased by 1°C in the period 1961-2000 (Westerhoff and Smit, 

2008).  

1.3.2 Climate change projections 

The temperature is projected to increase by another 2.5-3.0 °C by 2050 (IPCC, 2007). 

The 21 global models used by the IPCC project an overall increase of precipitation in 

the case study region, but they show little consistency (Solomon et al., 2007). 

Precipitation projections generally contain some inconsistencies for Africa, explained 

partly by the inability of GCMs to reproduce the mechanisms responsible for 

precipitation including, for example, the hydrological cycle and account for orography. 

Furthermore, they are also explained partly by model limitations in simulating the 

different teleconnections and feedback mechanisms which are responsible for rainfall 

variability in Africa (Boko et al., 2009). In the recent NCAP study (focusing on Ghana), 

the medium scenario shows a further decline in rainfall (-10.9% in 2050; -18.6% in 

2080) and a shortening rainy season (see Figure 1). The average annual temperature is 

projected to keep rising (2°C in 2050; 4°C in 2080) (Agyemang-Bonsu et al (2008). This 

model represents the deciduous forest zone in southern Ghana. 

  

 

 

He more local regionalized HADCM3 model shows a smaller reduction in rainfall for 

both the B1 and A2 scenario (see Figure 2). 

Figure 1. Projected changes in precipitation according to the medium scenario of a 
regional NCAP study (based on Agyemang-Bonsu et al, 2008) 
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Figure 2. Projected changes in precipitation according to the A2 scenario of the 

HADCM3 model. The B1 scenario shows similar changes in precipitation. 

1.4 WEAP model structure 

Based on the river network and associated contours, the Dayi basin was divided into five 

hydrologic sub-catchments. These areas contribute to the river flows as observed at the gauging 

stations located on the outlet of each catchment (blue dots in Figure 4). This way, modeling was 

facilitated. For all intents and purposes, the Lower Dayi catchment was ignored in this exercise as 

the runoff from this area flows directly into the Volta Lake. 

 

Figure 3. Sub-catchments of the Dayi River (Based on Boateng-Gyimah (2011)). 
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1.4.1 Parameterization 

A number of parameters including hydrological and meteorological data, land cover 

and land-use, demography and water requirements were set for the model. This report 

will just give a quick overview. For a more comprehensive overview of the used data 

and how this is processed, see Boateng-Gyimah (2011). 

 

Hydro-meteorological data  

The Dayi basin is a sub-basin of the larger Volta basin and thus begins its water year in 

March. Historical hydrological and meteorological data of river-flows, rainfall and 

temperature on daily time series for Dayi basin were obtained from the Water 

Resources Commission. Further, data on relative humidity and cloud cover for the 

basin was extracted from the TS 2.1 dataset of the Climate Research Unit of the 

University of East Anglia. This data is based on a 0.5° X 0.5° grid, and was overlaid on 

the Dayi basin. The CRU dataset used covered the period 1951 – 2002. Data on wind 

speed was only available from literature, but it corresponds to the synoptic station at 

Nawuni in Tamale. 

 

Land cover/land use and projections 

Land cover in the Dayi basin is characterized by grassland, savanna, forests, wooded 

wetland, the Volta Lake and human settlement as recorded through satellite imagery 

and land use maps in the 1970s, 1990 and 2000 respectively. As mentioned before, 

the southern sub-catchment was not taken into account in this model, effectively 

reducing the total land area from 2051.4 Km
2
 to 1780 Km

2
. 

There is a trend showing a increase in grassland, human settlements and savannah 

woodland. This can be attributed to population expansion and the large increase in 

agricultural lands in search for food security. It goes at the expense of the evergreen 

broadleaf forest, which reduced from 46% in 1970 to 28% at the present. Based oin the 

expectation that this trend will continue, the total forest area will be limited to 16% by 

2030. 

Table 1. Land cover and landuse in the Dayi basin (based on Boateng-Gyimah, 2011) 

 

Land cover/ use 

Area 

(Km
2
) 

1970s 1970s 1990 2000 2030 

% 

Modified  % % % 

Area 

(Km
2
) 

% 

Grassland/ Agriculture 799.0 38.9 747.6 42 34 46 47 

Savanna woodland 225.9 11.0 213.6 11 24 27 33 

Evergreen Broadleaf Forest 883.6 43.2 818.8 46 40 23 16 

Human settlement - - - 1 2 4 4 

Wooded wetland 73.7 3.6 0 0 0 0 0 

Volta Lake 67.5 3.3 0 0 0 0 0 

Total 2051.4 100.0 1780 100 100 100 100 
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Water resource base 

In WEAP, the water resource for exploitation is derived from historic local precipitation 

measurements (WRC data) which is injected into the model through four catchment 

objects (green dots in Figure 4). In a simplified hydrologic model, the drive to satisfy 

the hydrologic cycle is paramount. The precipitation contributes to runoff, 

groundwater recharge, evapotranspiration and storage, where existent whilst 

satisfying the respective water demands of the various uses.  

 

Water requirements and demands  

Water requirements were assessed for three different needs in the basin. Three 

consumptive uses have been considered for the Dayi basin: 

• Livestock and people water requirements. Data on the livestock and population 

and its water use is not available. However, attempt was made to account for 

the livestock water requirements in order to optimize water use and 

abstraction from the water system. People also use water from the river for 

washing, cooking and drinking. In total, the livestock and people are expected 

to use 16.000 m
3
 of water per annum in 2010. We assumed that with a 

growing population, the amount of livestock grows too. In all scenario’s, 

therefore, the livestock water use grows equally with the growing population of 

Hohoe. 

• Domestic water requirements for key town. Only Hohoe town is considered for 

domestic water supply, abstracting directly from the Dayi River to a treatment 

plant. The other large town in the area, Ho, abstracts its water from the Lower 

Dayi basin, an area that we consider to be part of Volta Lake. Data of 

populations was assessed from population census of 1980, 1984 and 2000 

and resulted in a population growth of 1.9%. So by 2030 Hohoe is expected to 

have 45.300 inhabitants. The per capita water consumption was sourced from 

the WRC with current consumption rate of 31 m
3
/year in 2010 (and increasing 

to 50m
3
 in 2030). 

• Irrigation development projects. Only one existing irrigation scheme was 

considered in the model: the Kpandu scheme. It is unknown how many small 

pumps are being used in the Dayi basin. For this model it was assumed that 

Consideration was given to present irrigation activities in the area. 1 ha land 

area was considered with 4450 m
3
/ha/year

 
abstracted directly from the river to 

irrigate vegetables and rice.  

The irrigation period lasts from December to the end of February.  

• Akosombo Dam. The Dayi River flows into the Volta Lake. This lake is the 

reservoir of the Akosombo hydropower dam, located around sixty kilometers 

southwest of the mouth of the Dayi River. Water supply requirements to this 

reservoir do however not exist for the Dayi River. The reservoir is filled in the 

wet season, and the Dayi River is just one of the many tributaries. 

 

The present and future water demand sites are both represented by red dots in Figure 

4. 
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Limited but unknown groundwater abstraction takes place in the

it was not taken into account in the model.

Figure 4. Schematic view of the 

the left is the Volta Lake, the 

Togo. 
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groundwater abstraction takes place in the basin, and therefore 

was not taken into account in the model. 

Schematic view of the WEAP model of the Dayi River basin. The blue area on 

left is the Volta Lake, the red line on the right is Ghana’s border with 

 

and therefore 

 

The blue area on 

line on the right is Ghana’s border with 
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Environmental flow requirement 

River flows aimed at sustaining biodiversity of the aquatic ecosystem was considered 

for each catchment. A minimum flow of 0.1 m
3
/s from the weir into the Dayi river 

downstream served as environmental flow. It should be noted that a critical 

assessment of the river ecology is necessary to ascertain the minimum flow required 

for survival of aquatic species. This should be taken up by WRC in subsequent 

endeavors to assure the life of the river all year round. 

 

1.4.2 Priority for water allocation 

For all practical purposes, an upstream catchment is served first, relative to a 

downstream catchment. Also, water allocation is somewhat “discriminatory” among 

various uses in a given catchment. The parameter with this behavior is the “demand 

priority” which ranges from 1 to 99. It is represented in parenthesis at the end the 

water demand name. Thus water demand with priority “1” will be served first, and so 

on, whereas 99 will be served last.  

  

In our model, the environmental flow is given the highest priority for a given 

catchment, thus satisfied first, followed by livestock, then domestic and then irrigation 
water demands. 

 

1.4.3 Calibration 

The WEAP was calibrated to determine values of a set of key parameters which 

represent somewhat the physical characteristics of the catchments following which 

scenarios were developed. This included soil water capacity, root zone conductivity 

and runoff resistance factor, exploring how well the model reproduced river flows as 

observed at a given gauging station. Historical river flow data was used from 1971 to 

2007.  

 

Figure 5 Simulation of observed river flow at Hohoe gauge in the Upper Dayi basin from 1969 to 1999 
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One aspect is to check the quality of calibration by analyzing with the Nash and Sutcliffe 

coefficient (1970) defined by the equation below:  

 

1 – 
∑ �����,�  
 ����,�

��
���

∑ �����,� 
 ����,���
��

���
 --------------------------------------------------------------------- (1) 

 

Where Q is a variable representing the river flows and N is the number of observations 

on monthly time step. The subscripts “obs”, “est” and “ave” denote observed flows, 

flows estimated by the model and the average of the N observed values for Q, 

respectively. The coefficient compares the sum of squared errors in estimation to the 

variance of Q. The greater its value, the better the model reproduced observations, and 

1 being exact reproduction.  

In the case where some of the observed gauge readings had quality problems, the 

calibration resorted to balancing of the hydrologic cycle elements for the catchments. 

These results are presented in Annex I. 

Thus the river flows was estimated to range between 16% to 26% of volume of annual 

rainfall, 26% to 31% volume going for evapo-transpiration whiles the rest goes for 

groundwater recharge except the upper catchment where nearly 1% went for storage. 
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2 Scenarios 

2.1 Introduction 

There is still uncertainty on the way that water supply and water demand will change in the Dayi 
River basin. First of all, climate change is surrounded by large and hardly reducible uncertainties. 
Second, human behavior is also unpredictable and, therefore, the behavior of social actors, society 
and its policy are also uncertain. Third, technical innovations and the perceptions of these 
innovations by the users may also have a large impact on our future environment, which will, as a 
result, become more complicated and, therefore, more difficult to predict. (e.g. van Asselt and 
Rotmans, 2002; Dessai et al., 2005; Arvai et al., 2006; Dessai et al., 2007). To cope with this 
uncertainty and unpredictability, we use several scenarios of future changes in climate, population 
dynamics and water use. Some of these scenarios are more likely than others, but it is unlikely that 

any of them describes the exact future. As is also written in the Densu IWRM Plan, the presented 

scenarios and the associated water resource development options should be regarded 
as a “point of departure” from which the basin modeling can be further developed as 
the need for planning and decision-making at various levels (basin-wide or project 
specific) arises (WRC, 2007). 

2.2 Scenarios 

Within these scenarios three issues play an important role. First, climate change has an 

impact on the amount of rainfall and therefore on the water availability. Second, within 

ADAPTS, small scale irrigation is implemented as a means to adapt to shortening rainy 

seasons and a reduction in precipitation. But how much irrigation can take place 

before depleting the different branches of the Dayi River? Third, in pretests of the 

model, it appears that the weir near Hohoe plays an important role in the water supply 

(Boateng-Gyimah, 2011). Therefore, we have also developed a scenario without this 

weir to see the impact of climate change and strong irrigation if the dam would not be 

there. See Figure 6 for the scenario structure of the Dayi Basin WEAP model.  

 

Climate change 

Because of the uncertainty of the impacts of climate change in southern Ghana, we 

decided to use four different climate scenarios:  

• The reference scenario is made by directly using historic daily measurements 

in the future. It assumes continuous population growth of 1.9% 

• B1 (low change) scenario of the HADCM3 model
1
, downscaled for the Dayi 

basin. Because the HADCM3 model provides monthly output, the precipitation 

has been divided over the number of days in a month, and the monthly average 

temperature has been repeated for each day. 

•  A2 (high change) scenario of the HADCM3 model, downscaled for the Dayi 

Basin. In order to translate monthly data into daily data, the measures that are 

described under scenario B1 are applied here too. 

• Weather Generator. This is a statistical tool developed by the Vrije Universiteit 

that correlates future temperatures with likely precipitation levels, based on 

the historic relation. This model does produce daily output. 

                                                 
1
 Developed by the Hadley Centre in the United Kingdom; one of the major models used by the 

IPCC. 
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Irrigation 

We used two scenarios of irrigation development:

• ADAPTS: This is used in all scenarios except those indicated with ‘strong 

irrigation’. Five new 

water for two hectares of irrigated land. The daily water use is equally spread 

over the three driest months of the 

• Strong irrigation: This scenario is only 

projects are initiated in 2015, and at full capacity in 2018 (4 ha)

use 4450 m
3
 of water per 

Weir 

We used two scenarios of irrigation development:

• In most scenarios we assumed that the weir near Hohoe has a reservoir of 25 

m
3
. 

• In Reference without weir

system. We test both the normal and the strong irrigation under this 

 

Figure 6. Scenario structure
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of irrigation development: 

used in all scenarios except those indicated with ‘strong 

 schemes are developed for irrigation, all using 9900 m

water for two hectares of irrigated land. The daily water use is equally spread 

over the three driest months of the year (Dec-Feb). 

: This scenario is only applied three times. Five more irrigation 

initiated in 2015, and at full capacity in 2018 (4 ha). These areas 

of water per hectare per year as well. 

of irrigation development: 

In most scenarios we assumed that the weir near Hohoe has a reservoir of 25 

Reference without weir, we test the effect of taking the weir out of the 

system. We test both the normal and the strong irrigation under this 

. Scenario structure of the Dayi Basin WEAP model.

 

used in all scenarios except those indicated with ‘strong 

schemes are developed for irrigation, all using 9900 m
3
 of 

water for two hectares of irrigated land. The daily water use is equally spread 

more irrigation 

. These areas 

In most scenarios we assumed that the weir near Hohoe has a reservoir of 25 

, we test the effect of taking the weir out of the 

system. We test both the normal and the strong irrigation under this scenario. 

 



 
 

3 Results 

3.1 Introduction 

The most important issue in future water provision in the Dayi basin is the low

regime in the dry season. Several scenarios were used in WEAP to determine to what 

extent the water demand for domestic use, irrigation and livestock is covered in the 

most critical months under different climatic circumstances. Peak floods pose a 

challenge too in the Dayi basin

2010. Although WEAP can model peak flows, it is not suitable for modeling floods.

It should be reiterated that for modeling purposes, it is assumed that the weir that 

Ghana Water Company Limited is constructing near Hohoe is operational from 2011 

onwards, and able to store 25 million m

3.2 Importance of weir

As stated earlier, the Hohoe weir was assu

supply to Hohoe and downstream areas. Based on the weir (reservoir) storage volume 

(Figure 7) it becomes clear that each yea

flow by releasing water. It uis unclear whether the water storage in dry seasons 

increases over time. In the A2 scenario the lowest storage occurs between 2025 and 

2035. In the weather generator the lowest sto

Although this seems like a deep and prolonged dip in storage, only 2 million m

water are released. The actual storage of the weir is unknown, but based on our 

assumption that it is 23m

Figure 7. Storage of the Hohoe weir. It can be seen that each year in the dry season the 

reservoir supports the flow of the Dayi river. It is unclear whether the 

outlet of the reservoir increases over the years.
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The most important issue in future water provision in the Dayi basin is the low

regime in the dry season. Several scenarios were used in WEAP to determine to what 

extent the water demand for domestic use, irrigation and livestock is covered in the 

t critical months under different climatic circumstances. Peak floods pose a 

challenge too in the Dayi basin; there were for example major floods around November 

. Although WEAP can model peak flows, it is not suitable for modeling floods.

reiterated that for modeling purposes, it is assumed that the weir that 

Ghana Water Company Limited is constructing near Hohoe is operational from 2011 

onwards, and able to store 25 million m
3
. 

Importance of weir 

As stated earlier, the Hohoe weir was assumed to play an important role in the water 

supply to Hohoe and downstream areas. Based on the weir (reservoir) storage volume 

) it becomes clear that each year in the dry season the weir supports the Dayi 

flow by releasing water. It uis unclear whether the water storage in dry seasons 

increases over time. In the A2 scenario the lowest storage occurs between 2025 and 

2035. In the weather generator the lowest storage occurs between 2045 and 2050. 

Although this seems like a deep and prolonged dip in storage, only 2 million m

water are released. The actual storage of the weir is unknown, but based on our 

assumption that it is 23m
3
 this is less than 10% of the total. 

of the Hohoe weir. It can be seen that each year in the dry season the 

reservoir supports the flow of the Dayi river. It is unclear whether the 

outlet of the reservoir increases over the years. 
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The most important issue in future water provision in the Dayi basin is the low-flow 

regime in the dry season. Several scenarios were used in WEAP to determine to what 

extent the water demand for domestic use, irrigation and livestock is covered in the 

t critical months under different climatic circumstances. Peak floods pose a 

; there were for example major floods around November 

. Although WEAP can model peak flows, it is not suitable for modeling floods. 

reiterated that for modeling purposes, it is assumed that the weir that 

Ghana Water Company Limited is constructing near Hohoe is operational from 2011 

med to play an important role in the water 

supply to Hohoe and downstream areas. Based on the weir (reservoir) storage volume 

r in the dry season the weir supports the Dayi 

flow by releasing water. It uis unclear whether the water storage in dry seasons 

increases over time. In the A2 scenario the lowest storage occurs between 2025 and 

rage occurs between 2045 and 2050. 

Although this seems like a deep and prolonged dip in storage, only 2 million m
3
 of 

water are released. The actual storage of the weir is unknown, but based on our 

 

of the Hohoe weir. It can be seen that each year in the dry season the 

reservoir supports the flow of the Dayi river. It is unclear whether the 



 

IVM Instituut voor Milieuvraagstukken 

 16 Results 

  
 

 

However, without the weir, the demand coverage in the Dayi basin looks different. In 

the west catchment of the Dayi, the coverage of water demand is 88% -98%. The 

coverage is slightly higher with the Hohoe weir, and only slightly decreases with 

increasing irrigation. The upper and middle catchments suffer from water shortages in 

the dry season (See Error! Reference source not found.). The coverage of Hohoe town 

is 5.2 -7.3% lower without the weir. Apart from this, there are only small differences in 

coverage between scenarios with and without a weir. 

Table 2. Average demand site coverage (%) for eight demand sites in the four different 

Dayi Catchments, over the period 2010-2050. 

 Average demand site coverage (%) over the period 2010-2050 

Part of Dayi West Upper   East  Middle  

Demand site Kpando 

Livestock 

New 

Baika 

Hohoe 

domestic 

Ve 

Koloenu 

Ho 

livestock 

Ho irri 

devt 

Vakbo Afeyi Irri 

devt 2 

Reference 

without weir 

93.1 69.9 91.6 93.3 85.3 n.a. 93.3 n.a. 

>A2 98.3 68.2 95.2 98.3 95.5 n.a. 98.3 n.a. 

>> Strong 

irrigation 

98.3 68.2 95.2 98.3 95.5 68.2 98.3 87.8 

         

Reference 87.3 98.8 99.6 99.7 83.8 n.a. 99.8 n.a. 

>B1 92.7 99.7 99.6 99.7 93.0 n.a. 99.8 n.a 

>A2 93.2 99.9 99.9 99.9 92.7 n.a. 99.9 n.a. 

>>strong 

irrigation 

84.2 99.7 99.6 99.7 92.4 81.5 99.8 87.6 

>Weather 

generator 

92.4 99.0 99.7 99.7 88.7 n.a. 99.8 n.a. 

>>strong 

irrigation 

83.1 99.0 99.7 99.7 88.6 79.9 99.8 87.6 

3.3 Peak flows 

The precipitation data from the HADCM3 model is on a monthly basis. Although it is 

usable for changes in annual changes in river flow or water availability, it is not 

suitable for determining e.g. the base flow in the dry season or the peak flow in the 

rainy season. This is clearly visible in Figure 10 and Figure 11 (unmet demand in the 

dry season) and the peak flow in Figure 8. In the latter, ‘A2 no weir’ shows monthly 

values that are almost constant. The weather generator scenario and reference 

scenario do however provide peak flows, but include less realistic information on 

climate change. In the weather generator scenario, the peak flows are slightly higher. 

The highest peak flow between 2037 and 2050 is 142.5 million m
3
 (an average of 

1649.5 m
3
/second); this is 7% more than the highest peak flow in the reference 

scenario. Although peak flows are more extreme in the weather generator scenario, 

Comment [p1]: The numbers from 
Reference onwards (in yellow) are 
incorrect. More irrigation takes place than 
the model calculated with. On could more 
or less state that the ‘strong irrigation’ 
scenario represents the amount of 
irrigation we are implementing under 
ADAPTS at this moment. 
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the number of peak flows above 5 million m
3
 per day is more or less equal in the 

number of peak flows in the reference scenario: 449 vs. 416 (see Figure 8). 

 

Figure 8. Peak flow at the point where the Dayi River flows inrto the Volta Lake. The 

HADCM3 monthly data is not suitable for analyzing changes in peak flows 

(see 'A2 no weir'). 

 

 

Figure 9. Frequency of daily discharges at Afeyi, where the Dayi river enters the Volta 

Lake. 
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3.4 Water demand and cove

Due to an environmental flow requirement of 0.1 m

the minimum daily flow is 8640

reached. Figure 8 shows the unmet demand from the end of December to the end of 

February, averaged over 2020

larger than for the A2 and weather generator scenarios. The low flows in the dry 

season causes demands not to be met

December, when irrigation increases and rains recede. After that the unmet demand 

increases to its top in January and reduces again at the beginning of February. The 

unmet demand increases under the ‘strong irrigati

weather generator scenarios.

Figure 10. Unmet demand for five scenarios Based on daily averages for all demand 

sites, 2020-2030

(based on A2) can be explained by the fact that this model produced 

monthly values that were averaged over the days.

The general picture is fairly similar for the period 2040

water demand is not fully met from halfway December until the end of February, with a 

peak in January. In 2040-2050 the shortages are higher for the weather generato

its sub scenario strong irrigation) scenarios, but lower for the A2 (and sub scenario 

strong irrigation) and reference scenarios.
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Water demand and coverage 

Due to an environmental flow requirement of 0.1 m
3
/s at Afeyi EFlow (see 

8640 m
3
/day. During many dry seasons this minimum is 

ws the unmet demand from the end of December to the end of 

February, averaged over 2020-2030. The unmet demand of the reference scenario is 

larger than for the A2 and weather generator scenarios. The low flows in the dry 

season causes demands not to be met. The water demand can be met until half 

December, when irrigation increases and rains recede. After that the unmet demand 

increases to its top in January and reduces again at the beginning of February. The 

unmet demand increases under the ‘strong irrigation’ scenario, both under the A2 and 

weather generator scenarios. 

Unmet demand for five scenarios Based on daily averages for all demand 

2030. The steep curves in the A2 and purple strong irrigation 

(based on A2) can be explained by the fact that this model produced 

monthly values that were averaged over the days. 

The general picture is fairly similar for the period 2040-2050 (see Figure 10

water demand is not fully met from halfway December until the end of February, with a 

2050 the shortages are higher for the weather generato

its sub scenario strong irrigation) scenarios, but lower for the A2 (and sub scenario 

strong irrigation) and reference scenarios. 

 

(see Figure 4), 

/day. During many dry seasons this minimum is 

ws the unmet demand from the end of December to the end of 

2030. The unmet demand of the reference scenario is 

larger than for the A2 and weather generator scenarios. The low flows in the dry 

. The water demand can be met until half 

December, when irrigation increases and rains recede. After that the unmet demand 

increases to its top in January and reduces again at the beginning of February. The 

on’ scenario, both under the A2 and 

 

Unmet demand for five scenarios Based on daily averages for all demand 

The steep curves in the A2 and purple strong irrigation 

(based on A2) can be explained by the fact that this model produced 

10). The 

water demand is not fully met from halfway December until the end of February, with a 

2050 the shortages are higher for the weather generator (and 

its sub scenario strong irrigation) scenarios, but lower for the A2 (and sub scenario 

Comment [p2]: Again, these number are 
incorrect. They do not include the 
irrigation demand sites we are organizing 
through ADAPTS 

Again, these number are 
y do not include the 

irrigation demand sites we are organizing 



 
 

Figure 11. Unmet demand for five scenarios Based on daily averages for all demand 

sites, 2040-2050.

(based on A2) can be explained by the fact that this model produced 

monthly values that were averaged over the days.

 

Both under the A2 and the weather generator scenario, the unmet demand increases when 

the irrigation season starts, which suggests that irrigation plays an important role in water 

demand. The peaks in the figures also seem high and indicative of large unme

demands. However, this is only a fraction of the average monthly water demand in 

January, which increases from 4557 m

of this water is used for domestic purposes: Hohoe is by far the largest water user, 

even under the ‘strong irrigation’ scenarios. In 

the irrigation season. It becomes clear that water use for irrigation, even under the

‘strong irrigation’ scenario, is much smaller than the use for domestic 

Hohoe. 
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. Unmet demand for five scenarios Based on daily averages for all demand 

2050. The steep curves in the A2 and purple strong irrigation 

(based on A2) can be explained by the fact that this model produced 

monthly values that were averaged over the days. 

Both under the A2 and the weather generator scenario, the unmet demand increases when 

the irrigation season starts, which suggests that irrigation plays an important role in water 

The peaks in the figures also seem high and indicative of large unme

demands. However, this is only a fraction of the average monthly water demand in 

January, which increases from 4557 m
3
/day (in 2011) to 7923 m

3
/day 

of this water is used for domestic purposes: Hohoe is by far the largest water user, 

under the ‘strong irrigation’ scenarios. In Figure 12, the annual peaks represent 

the irrigation season. It becomes clear that water use for irrigation, even under the

‘strong irrigation’ scenario, is much smaller than the use for domestic 
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. Unmet demand for five scenarios Based on daily averages for all demand 

The steep curves in the A2 and purple strong irrigation 

(based on A2) can be explained by the fact that this model produced 

Both under the A2 and the weather generator scenario, the unmet demand increases when 

the irrigation season starts, which suggests that irrigation plays an important role in water 

The peaks in the figures also seem high and indicative of large unmet 

demands. However, this is only a fraction of the average monthly water demand in 

 (in 2049). Most 

of this water is used for domestic purposes: Hohoe is by far the largest water user, 

, the annual peaks represent 

the irrigation season. It becomes clear that water use for irrigation, even under the 

‘strong irrigation’ scenario, is much smaller than the use for domestic purposes in 

Comment [p3]: idem 
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Figure 12. Daily water demand 2009

irrigation season. The A2 scenario overlaps with the reference scenario 

(water use is the same), and therefore it is not visible in the graph.

3.5 Alternative water resource utilization options

Although surface water demand 

seasons under most scenarios

sedimentary character of the geological formation of the Dayi basin. However, 

investment is required to tap into this resource to

and potentially also irrigation. And people are not willing to pay much for tap water. If 

people have the option to choose between water from the river and tap water, it 

appears that almost two out of three people use wat

2010). However, when surface water runs short, groundwater could be harnessed to 

buffer the ever increasing demand for water for various uses in the basin including 

livestock, domestic water supply and irrigation activities. 

3.6 Overall assessment based on the scenario analyses

Considering availability of water only, i.e. without taking into account the various 

technical infrastructure requirements in abstracting and transmitting and distributing 

the water to consumers, and not t

the scenario analyses have highlighted that it is particularly

that suffers from both water abundance and water shortages. The weir near Hohoe 

greatly reduces the risks of these two 

Different climate scenarios do not make a lot of difference in terms of (average) water 

availability, coverage and peak flows.
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. Daily water demand 2009-2050. Each individual peak represents an 

irrigation season. The A2 scenario overlaps with the reference scenario 

(water use is the same), and therefore it is not visible in the graph.

Alternative water resource utilization options 

surface water demand is larger than surface water supply in many dry 

seasons under most scenarios, groundwater resources appear to abound given the 

sedimentary character of the geological formation of the Dayi basin. However, 

investment is required to tap into this resource to meet the demands for domestic use 

and potentially also irrigation. And people are not willing to pay much for tap water. If 

people have the option to choose between water from the river and tap water, it 

appears that almost two out of three people use water from the river (Pauw et al, 

2010). However, when surface water runs short, groundwater could be harnessed to 

buffer the ever increasing demand for water for various uses in the basin including 

livestock, domestic water supply and irrigation activities.  

Overall assessment based on the scenario analyses 

Considering availability of water only, i.e. without taking into account the various 

technical infrastructure requirements in abstracting and transmitting and distributing 

the water to consumers, and not the least the economic and financial consequences, 

the scenario analyses have highlighted that it is particularly the east Dayi catchment 

that suffers from both water abundance and water shortages. The weir near Hohoe 

greatly reduces the risks of these two challenges for the upper and middle sub

Different climate scenarios do not make a lot of difference in terms of (average) water 

availability, coverage and peak flows. 

 

 

Each individual peak represents an 

irrigation season. The A2 scenario overlaps with the reference scenario 

(water use is the same), and therefore it is not visible in the graph. 

is larger than surface water supply in many dry 

, groundwater resources appear to abound given the 

sedimentary character of the geological formation of the Dayi basin. However, 

meet the demands for domestic use 

and potentially also irrigation. And people are not willing to pay much for tap water. If 

people have the option to choose between water from the river and tap water, it 

er from the river (Pauw et al, 

2010). However, when surface water runs short, groundwater could be harnessed to 

buffer the ever increasing demand for water for various uses in the basin including 

 

Considering availability of water only, i.e. without taking into account the various 

technical infrastructure requirements in abstracting and transmitting and distributing 

he least the economic and financial consequences, 

the east Dayi catchment 

that suffers from both water abundance and water shortages. The weir near Hohoe 

challenges for the upper and middle sub-basins. 

Different climate scenarios do not make a lot of difference in terms of (average) water 
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4 Conclusion 

Different climate change scenarios show different outcomes in terms of water demand 

coverage, base flow and the suitability of the Dayi Basin to develop small scale 

irrigation in the dry season. However, due to the buffering effect of the weir in Hohoe, 

the impact of existing climate variability and future climate change can be limited at 

least up to 2050 to our current knowledge. 

Based on the climate scenarios that are used in the WEAP model, it is not expected that 

climate change is a major hurdle for irrigation development in the upper and middle 

catchment of the Dayi River because of the weir that is being constructed near Hohoe. 

In the scenarios that are used, no extreme changes in rainfall patterns are foreseen. 

However, as is stated in the introduction, it is very difficult to project the effect of 

global climate change, especially in this part of the world. 

Given the uncertainties, no-regret adaptive measures can be implemented. The WEAP 

model shows the positive effect of the Hohoe weir on water availability and peak flows. 

Other measures which should be considered to reduce the risk of floods and drying of 

the river bed include a buffer zone around the rivers, and reduce further deforestation. 
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Bijlage A Calibration of sub-catchments 

The subsequent tables show the amount of water going runoff, evapotranspiration and 

storage, compared to the total amount of precipitation. The right column shows that 

over 99% of the precipitation is covered in the model. 

Table 3 Calibration of the Upper catchment of the Dayi basin from 1986 - 1994. GW= 

Groundwater ;  RO= Runoff  ;  ET= Evapotranspiration. 

Year Rainfall GW % GW Runoff % RO ET (actual) % ET Storage % storage Total % 

1986 910390000 4.34E+08 47.7 1.53E+08 16.8 3.02E+08 33.1 10994942.43 1.21 98.85 

1987 771745000 3.55E+08 46.0 1.08E+08 14.0 2.74E+08 35.5 10540992.42 1.37 96.84 

1988 1151020000 5.67E+08 49.3 2.18E+08 18.9 3.43E+08 29.8 11819973.04 1.03 99.00 

1989 923910000 4.51E+08 48.8 1.47E+08 15.9 3.25E+08 35.1 9083653.19 0.98 100.87 

1990 961610000 4.65E+08 48.3 1.83E+08 19.1 3.03E+08 31.5 21952218.29 2.28 101.15 

1991 1016665000 4.97E+08 48.9 1.66E+08 16.4 3.37E+08 33.2 10556360.26 1.04 99.46 

1992 1044095000 5.3E+08 50.7 1.93E+08 18.5 3.2E+08 30.7 11875947.96 1.14 101.04 

1993 956410000 4.66E+08 48.7 1.49E+08 15.6 3.26E+08 34.0 15915729.69 1.66 100.01 

1994 927940000 4.6E+08 49.6 1.53E+08 16.5 3.13E+08 33.7 9805300.92 1.06 100.86 

 Average     48.8   16.8   33.0   1.32 99.79 

 

Table 4 Calibration of the West Dayi catchment from 1997 - 2004. GW= Groundwater ;  

RO= Runoff  ;  ET= Evapotranspiration. 

 Year  Rainfall GW  % GW Runoff  % RO ET (actual)  % ET  Total % 

1997 1.26E+08 59727514 47.50 31259166 24.86 36093488 28.70 101.06 

1998 1.33E+08 63751643 47.95 30125178 22.66 38758944 29.15 99.76 

1999 1.37E+08 67563726 49.48 32324730 23.67 36656579 26.85 100.01 

2000 1.25E+08 59195313 47.33 28135454 22.50 37363827 29.87 99.70 

2001 1.21E+08 58017523 47.81 28554666 23.53 35110791 28.93 100.28 

2002 97078500 46511865 47.91 21826170 22.48 27917482 28.76 99.15 

2003 1.68E+08 80083278 47.75 46225822 27.56 41257104 24.60 99.90 

2004 1.22E+08 59593504 48.71 30045092 24.56 32309992 26.41 99.69 

 Average     48.06   23.98   27.91 99.94 

 

Table 5 Calibration of the East Dayi catchment from 1997 - 2007. GW= Groundwater ;  

RO= Runoff  ;  ET= Evapotranspiration. 

Year Rainfall GW  % GW Runoff  % RO ET (actual)  % ET  Total % 

1997 1.33E+08 60376435 45.34604 35181162 26.423 37622702 28.25673 100.0258 

1998 1.41E+08 65119326 46.25971 34279662 24.35171 41038881 29.15335 99.76477 

1999 1.45E+08 69013190 47.73786 36751058 25.42147 38812848 26.84765 100.007 

2000 1.32E+08 60465247 45.65965 32002624 24.16642 39561699 29.87457 99.70064 

2001 1.28E+08 59262189 46.12418 32402481 25.21908 37176132 28.93444 100.2777 

2002 1.03E+08 47509697 46.2206 24848222 24.17401 29559687 28.75764 99.15225 

2003 1.78E+08 81801327 46.06008 51937720 29.24471 43683992 24.59726 99.90205 

2004 1.3E+08 60871980 46.99523 34039474 26.27963 34210580 26.41173 99.68658 

2005 1.09E+08 49586501 45.47009 24744636 22.69047 34302995 31.45534 99.6159 

2006 1.28E+08 58364882 45.62394 29249658 22.86451 39504365 30.88064 99.36909 
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2007 1.16E+08 52515700 45.40563 29182242 25.23128 33373859 28.85539 99.4923 

Average     46.08   25.10   28.55 99.70 

 

Table 6 Calibration of the middle Dayi catchment from 1972 – 2002. GW= 

Groundwater ;  RO= Runoff  ;  ET= Evapotranspiration. 

Year Rainfall GW  % Runoff  % ET (actual)% % Total % 

1972 9.02E+08 4.41E+08 48.85186 1.87E+08 20.70812 2.55E+08 28.30281 97.86279 

1973 9.6E+08 4.77E+08 49.63759 2.31E+08 24.09441 2.7E+08 28.16613 101.8981 

1974 9.58E+08 4.4E+08 45.91221 2.69E+08 28.12423 2.47E+08 25.81159 99.84803 

1975 1.02E+09 4.67E+08 45.64233 2.89E+08 28.21189 2.49E+08 24.37692 98.23114 

1976 1.04E+09 4.91E+08 47.41893 2.75E+08 26.59407 2.67E+08 25.8242 99.83719 

1977 1.03E+09 4.84E+08 46.83238 2.92E+08 28.23148 2.57E+08 24.8645 99.92835 

1978 6.71E+08 3.06E+08 45.5891 1.42E+08 21.12195 2.19E+08 32.56363 99.27467 

1979 9.52E+08 4.64E+08 48.71332 2.18E+08 22.88346 2.69E+08 28.27442 99.8712 

1980 9.72E+08 4.66E+08 47.95355 2.4E+08 24.73816 2.56E+08 26.36514 99.05685 

1981 7.92E+08 3.99E+08 50.34846 1.56E+08 19.7553 2.42E+08 30.53147 100.6352 

1982 8.93E+08 4.08E+08 45.73789 2.39E+08 26.75454 2.38E+08 26.66133 99.15376 

1983 6.64E+08 3.21E+08 48.36143 1.28E+08 19.35197 2.14E+08 32.17732 99.89071 

1984 7.3E+08 3.51E+08 48.09473 1.64E+08 22.43581 2.09E+08 28.64612 99.17666 

1985 8.72E+08 4.2E+08 48.15942 2.07E+08 23.79319 2.51E+08 28.75333 100.7059 

1986 7.91E+08 3.78E+08 47.77461 1.75E+08 22.06449 2.32E+08 29.35789 99.19699 

1987 6.71E+08 3.2E+08 47.75194 1.35E+08 20.18644 2.1E+08 31.29943 99.23781 

1988 1E+09 4.71E+08 47.05157 2.73E+08 27.32383 2.51E+08 25.1258 99.5012 

1989 8.03E+08 3.79E+08 47.16303 1.73E+08 21.51332 2.43E+08 30.22315 98.8995 

1990 8.36E+08 3.92E+08 46.85019 2.07E+08 24.82288 2.36E+08 28.20601 99.87908 

1991 8.84E+08 4.22E+08 47.806 2.01E+08 22.73161 2.58E+08 29.22674 99.76434 

1992 9.08E+08 4.47E+08 49.30486 2.16E+08 23.77799 2.44E+08 26.92557 100.0084 

1993 8.31E+08 3.92E+08 47.12958 1.88E+08 22.59144 2.49E+08 29.92834 99.64936 

1994 8.07E+08 3.83E+08 47.45297 1.9E+08 23.61738 2.33E+08 28.90163 99.97198 

1995 6.45E+08 3.07E+08 47.64037 1.46E+08 22.61796 1.86E+08 28.8938 99.15213 

1996 1.11E+09 5.29E+08 47.44222 3.09E+08 27.74004 2.76E+08 24.73652 99.91878 

1997 8.13E+08 3.93E+08 48.3781 2.01E+08 24.76185 2.16E+08 26.62458 99.76452 

1998 6.85E+08 3.19E+08 46.55683 1.45E+08 21.1196 2.16E+08 31.56704 99.24347 

1999 8.03E+08 3.77E+08 46.90417 1.72E+08 21.38311 2.5E+08 31.07765 99.36493 

2000 7.26E+08 3.39E+08 46.63467 1.73E+08 23.78741 2.12E+08 29.15222 99.57429 

2001 7.93E+08 3.76E+08 47.35691 1.55E+08 19.493 2.62E+08 33.05266 99.90258 

2002 1.06E+09 4.76E+08 45.00444 3.15E+08 29.83461 2.66E+08 25.14344 99.98249 

 Average     47.4   26.0   26.2 99.63 

 


