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ABSTRACT 

This study focuses on water allocation for a different purpose in Tiga dam, using WEAP model to carry out analysis of 
the hydrological and metrological information of the study area, to settle the conflict between Kano Municipal water 

demand and major irrigation projects. The research commenced with a preliminary site investigation through a 

reconnaissance survey to analyses hydraulic nature, agricultural and other activities related to water use. Metrological 
and hydrological data were also collected and used to model the hydrological processes of Tiga Dam. The model was 

then validated and calibrated using simulated and observed net-evaporation. Metrological and hydrological data, 

population and their growth rate, irrigation area and several industries from 1987 to 2017 (31 years) were used in 
WEAP model software which predicted that in future from 2031 to 2050 the dam  cannot meet up with the total demand, 

it only capable of supplying an annual average of 410.5 Mcm for agriculture with an unmet demand of 123.7 Mcm, and 
when per hectare demand is increased by 33.9%(agricultural scenario) will supply 658.8 Mcm with unmet demand of 

188 Mcm, 266.3Mcm for Kano population with an unmet demand of 61.6 Mcm, and 301.3 Mcm when per capital demand 

is increased by 14.3% (Kano population scenario) with 75.3 Mcm unmet demand, 15.5 Mcm for Kano industries with 
unmet demand of 5.4 Mcm and 20.2 Mcm with 7 Mcm unmet demand when industrial allocation is increased by 30.4% 

(Kano industrial scenario). The Tiga Reservoir will generate 21288.8 GJ annual average hydropower with 161.98 GJ 
unmet hydropower demand from 2026. In general, this model predicts that the annual average future water supply from 

2018 to 2050 for all purposes is 692.4 Mcm with unmet demand of 190.8 Mcm from 2031 but 980.3 Mcm for all 

scenarios with unmet demand of 270.5 Mcm.  

Keywords: Scenarios; Unmet Demand; Water Allocation; WEAP Model and Water Supply 

1. INTRODUCTION 

Water is the most essential substance fundamental to life 

and is a scarce resource in some regions of the world. 

Water is also essential for agriculture, production systems 

and means to achieve sustainability in many regions or all 

over the world (Zakari et al., 2011). It is not evenly 

distributed on the entire universe; it is either in excess in 

some regions or scarce in others. Man’s ability to manage 

water resources will greatly depend on his understanding 

of hydrologic processes and the physical system involved 

(Mustafa and Yusuf, 2012). Water moves from one 

reservoir to another through hydrological processes like 

evaporation, condensation, precipitation, deposition, 

runoff, infiltration, transpiration, melting, and groundwater 

flow. The oceans supply most of the evaporated water 

found in the atmosphere. Therefor hydrological process or 

cycle is a conceptual model that describes the storage of 

water between the biosphere, atmosphere, lithosphere, and 

the hydrosphere and is the principal source of fresh-water 

to support life necessities and man`s economic activities. 

Water on this planet can be stored in any one of the 

following reservoirs: atmosphere, oceans, lakes, rivers, soil 

glaciers, snowfields, and ground-water.  

It is necessary to establish a system that will properly 

address the issue of water allocation for different purposes 

in dams. This brought about the application of Water 

Evaluation and Planning System (WEAP) to solve the 
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issue of water management and allocation. The WEAP 

model was developed by the Stockholm Environment 

Institute (SEI) to enable the evaluation of planning and 

management issues associated with water resources 

development. The WEAP model can be applied to both 

municipal and agricultural water supply systems and can 

address a wide range of issues including scenarios demand 

analyses, water conservation, water rights and allocation 

priorities, stream-flow simulation, reservoir operation, 

ecosystem requirements and project cost-benefit analyses 

(Roberto and Matthew, 2007 and SCI, 2015). WEAP 

model has two primary functions: (1) Simulation of natural 

hydrological processes (evapotranspiration, runoff and 

infiltration) to enable assessment of the availability of 

water within a catchment and (2) Simulation of 

anthropogenic activities superimposed on the natural 

system to influence water resources and their allocation 

(i.e., consumptive and non-consumptive water demands) to 

enable evaluation of the impact of human water use. 

At present water shortage is one of the real challenges 

facing many countries in the world. Thus, water resources 

development projects and the water allocation plan are 

undertaken to address these requirements. And water 

allocation plans need to balance the water supplies with 

demands, particularly to manage the natural water 

availability to avoid frequent or unexpected water 

shortfalls (Myat and Aye, 2014).  

Hadejia Jama’are River Basin (HJRB) is one of the 

headwaters of Lake Chad but the river flow is interrupt 

along its course by many dams such as Tiga Dam, Kafin-

Zaki Dam, Challawa (Akindele, 2012). There are many 

problems in HJRB such as improper management and 

adaptation strategies which may lead to serious water 

crises and probably environmental refugees (Shakirudeen 

et al., 2011). Sometimes it results in conflict between the 

requirements (water allocation) of Kano city and the major 

irrigation projects because many beneficiaries at the down-

stream site had been deprived (Ibn-Abubakar, 2005). And   

also during my field work it was found that some farmers 

at Kura, Danhasan and other neighboring villages are 

complaining of irregularity of irrigation water supply to 

their irrigation farms which result to economical loses. 

According to Myat and Aye, (2014) in semiarid and arid 

region “water of a desired availability and quality is often 

scarce to satisfy the demand for different uses, decisions 

and plans have to be made on how it will be shared 

between different locations and competing users”.   

Many kinds of research were conducted around the world 

to find out water allocation for different purposes and 

water resources management system (Shattima, 2009, 

Akindele, and Indabawa, 2015, Shakiruden et al., 2011, 

Suryadi et al., 2018, Daniyal et al., 2017, Berredjem and 

Hani, 2017, Trinh, 2016, and Alfarra et al., 2012). 

It was reviewed that river flow at Gashua in Yobe State, 

downstream of Tiga Dam fell by about 100 million m3 per 

year on completion of the dam (Shattima, 2009). 

Investigated chemical parameters of Tiga Dam showed a 

decrease towards the dam site particularly conductivity, 

total alkalinity, total conductivity, total hardness etc. While 

pH and dissolved oxygen showed an increase (Akindele 

and Indabawa, 2015). The low level of temporal variability 

of Potential Evaporation (PE) over the Tiga Dam shows 

that temperature has only marginally increased over the 

years also substantial amount of water had been stored 

without efficient utilization (Shakirudeen et al., 2011). It 

was found that Tita Dam is one of the Dam supply water to 

Kano dweller but Kano has 705 million liter per day (mld) 

water deficit (Bello and Tuna, 2014). 

Kano River Irrigation Project (KRIP) phase I is one of the 

largest and successful irrigation project, not only in 
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Nigeria, but in West African. It is unique in its design, in 

that, the entire water distribution network operates on 

gravity. The irrigation water is conveyed from Tiga Dam 

to the project site through an 18 km long main canal, 

which split in to West and East Branches. These are then 

further broken into lateral canals, distributaries canals, 

field channels and finally to the farm for the crops to be 

irrigated (HJRBA, 2018). The important results of KRIP 

are providing job opportunity to the farmers, increase 

incomes and improve their living standard (Simon, 1997).   

The total water demand for three districts (Kertajati, 

Jatitujuh, and Ligung Indonesia) from 2015 to 2040 was 

found as 1,450.60 L/s (Suryadi et al., 2018). Daniyal et al. 

(2017) reported that as a result of the rapid population 

growth water demand of Guddu, Sukkur and Kotri barrage 

(Pakistan) for the agricultural, domestic, and industrial 

sector will increase from 40.37MAF in 2015 to 56.5MAF 

in 2050. When he used management strategies in-to the 

model; sprinkler irrigation reduced 20% of agricultural 

water consumption, drip irrigation reduced 35% of 

agricultural water consumption, and lining of canal 

reduced 50% of seepage water losses. Berredjem and Hani 

(2017) analyzed Sub-Basin of lower Seybouse found and 

that in 2010 demanded 82.64 cubic hectometers (hm3) 

which is equivalent to 82640000 m3 of water, 53% for 

household, 30% for irrigation and 17% for industries but 

when projected it was found that in 2050, the total water 

demand will increase to 178.04 hm3. 

Trinh (2016) used the Agent-Based Model and MIKE 

NAM Model in the North Nam Ha irrigation district 

located in the Red river basin – Vietnam and determining 

irrigation water allocation for eight sub-districts, to reduce 

conflicts and improve water use efficiency.  

Therefore Alfarra et al. (2012) found that there will be 

unmet water demand in a future time in Amman Jordan 

Valley but when control measures were introduced in the 

WEAP Model the unmet water demand was reduced by 

18.3 %. 

Since that base of the literature reviewed  there is no any 

research carry out with WEAP model in Tiga Dam to 

predict future water demand and supply for different 

purposes therefore there is a need to apply WEAP Mode in 

Tiga Dam for the determination of water allocation for 

different purposes such as agricultural, industrial, 

consumption and hydro-power generation.    

The aim of this paper is to analyses hydropower generation 

in Tiga Dam and compare references and scenarios water 

allocation for different purposes, using WEAP model. This 

is to predict electricity supply, resolve the conflict between 

the requirements (water allocation) of Kano city and the 

major irrigation projects as a result of improper irrigation 

water allocation, predict water demand, the allocation for 

deferent purposes, and also to reduce economic losses as 

regards to the unreliability of water and low allocation of it 

in some area downstream. 

2. METHODOLOGY 

2.1. Study Area 

The Tiga Dam is in Kano State in the Northwest of 

Nigeria, 30 km from South of Kano City and 350 km north 

of Federal Capital Territory (Abuja) constructed in 1971–

1974. It is a major reservoir on the Kano River, the main 

tributary of the Hadejia River (Akindele et al., 2013). The 

dam is at Latitude: 11° 26' 8.39" N and Longitude: 8° 24' 

5.39" E, It covers an area of 178 square kilometers 

(69 sq mi) with a maximum capacity of approximately 

2,000,000 cubic meters (71,000,000 cu ft). Water from the 

dam supplies the Kano River Irrigation Project as well 

as Kano City for domestic uses. The red circle in Figure 1 
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indicates the study area. Bello and Tuna (2014) pointed out 

that Tiga dam was constructed in Kano state in the year 

1974. It is 6 km long and constructed along river Kano 

with a carrying capacity of 1,974,000,000 m3 from its 

catchment area of 6553 km2. The dam was constructed 

mainly to provide water for the Kano river irrigation 

project, Kano city water supply and other neighboring 

settlements. 

  

Figure 1: Catchment area of the Yobe River, Tiga Dam to the west, 

south of Kano. 

2.2. Material 

The materials used in this research work were: 

1-Demographic data. Table 1 presents demographic data of 

the study area. 

Table 1 Population distribution used the dam for domestic activities 

and their local governments. 

Local governments Population Inter-census 

growth rate 

BEBEJI 191916 3.36 

DALA 418759 3.36 

FAGE 200095 3.36 

GAYA 207419 3.36 

GEZAWA 282328 3.36 

GWALE 357827 3.36 

KUMBUTSO 294391 3.36 

WARURE 131858 3.36 

WUDIL 188639 3.36 

GABASAWA 211204 3.36 

NASSARAWA 596411 3.36 

RANO 148276 3.36 

(Sources: NPC, 2010 and my field work).  

2- Agricultural data such as total irrigation land which is 

15000 Ha and average water application per hectare which 

is 6000 m3/ha (HJRBDA, 1985; Sangari, 2006). Usually 

now Kano River Project Phase I, farmers are applying an 

average water amount of 4481.76 m3/ha (Source: my field 

work). 

3- Industrials data: Tiga Dam is feeding about   334 

industries (Liman, 2015 and field work) and average of 23 

m3/industry is allocating per industry but 30 m3/industry of 

water are needed to satisfy industrial demand (Source: my 

field work).   

4- The amount of water consumed per capita is 105 L/day 

that is 3L for drinking, 30L for flushing toilet, 5L for 

performing ablution, 36L for  barfing and 31L for 

cleaning, cooking and washing clothes (Source: my field 

work). But according to the World Health Organization 

(WHO) for developing countries, the minimum standard 

amount of water demand per capita is 120 liter per day 

(WHO, 1999). 

5- Thirty one years metrological data were obtained from 

IAR metrological station and Tiga Dam metrological 

station such as rainfall depth, evaporation, maximum and 

minimum temperatures, and hydrological information 

(initial storage, observed volume, tail-water elevation, 

reservoir curve, maximum turbine flow, and storage 

capacity). 

6- Equipment this equipment were used in this research 

100 m measuring tap, cut trout flume, pump, known 

volume container, record sheet, stop-watch and laptop 

computer.   
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2.3. Methods 

The research began with a preliminary site investigation 

through a reconnaissance survey to analyses hydraulic 

nature, agricultural activities, other activities related to 

water resources in the basin and site visits to collect 

metrological and hydrological information. The demand 

site data were used in the WEAP model in modeling the 

demand sites, when were connected to the reservoir as 

shown in figure 2.  

Figure 2:  Schematic of the demand side 

The variation of the rainfall and stream flow were 

achieved by defining different climatic regimes (e.g Dry, 

Very dry, Wet, Very wet) and compered with Normal 

water year. Normal water year defines each non-normal 

water year types (Dry, Very dry, Wet, Very wet) that is if 

the wet year has 30% more than the normal year 1.30 was 

entered for the wet year. These were derived from 

statistical analysis of the historical rainfall data obtained to 

assist in modeling the reservoir using Water Year Method.   

The definition of the water type values as shown in Figure 

3. 
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Figure 3: Water year Values 

Net-evaporation, observed volume, stream flow, hydraulic 

dimension, tail water elevation and discharge were used in 

simulating the reservoir and hydropower generation. 

To establish different scenarios the following steps were 

carried out: 

(1) Kano city: 105 L per capital found from field work 

(using questioner) was used in simulating the demand site, 

but with other date been constant 120 L per capita 

consumption found from WHO was used in creating 

scenarios (if per capita consumption increase by 14.3% 

every year). 

(2) Industrial section: 23 m3 per industry was used in 

simulating the section while 30 m3 per industry was used 

in creating scenarios (if per capital consumption increase 

by 30.4% yearly). 

(3) Agricultural sector: In this sector 4481.76 m3/ha was 

used in the simulation but 6000 m3/ha was used in creating 

scenarios (if application per hectare increase by 33.9% 

yearly). 

The model was run to obtain results, forecast from 1987 to 

2050 to know future water supply and compare scenarios 

with their references account to variation of different 

demand and supply as shown in section 3. 
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(4) Model calibration and validation: In this study, the 

calibration was done by manual check of the model 

simulated versus observed net evaporation value to 

ascertain the accuracy of the output. After that, the optimal 

values of the coefficient of determination (R2), and the 

Nash-Sutcliffe coefficient of efficiency (CE) were used for 

model validation. 

 

3. RESULT AND DISCUSSION 

3.1 Calibration and Validation 

Graph of observed net-evaporation versus simulated net-

evaporation values was used to determine the equation of a 

line and R2 value, this shows that the model validation is 

very good since R2 value is greater than 70% using 

graphical approach are shown in Figure 4.  

Figure 4: Model validation 

3.2 Future Water Supply to Different Purposes and 

Scenarios 

Tiga Dam is capable of supplying water to each purpose 

annually from 2018 to 2050 and with unmet demand 

(water deficit) as presented in figures 5 to 16. 

3.2.1 Water Supply to Agriculture and Unmet Demand 

Figure 5 presented the amount of water the Tiga Dam is 

capable of supplying to the agricultural purpose. The 

pattern of the Figure shows that there will be an annual 

increase in water allocation from 2018 to 2034 because of 

the increase of farming area, as a result of rainfall variation 

lead to the annual supply fluctuation from 2034. 33.4% 

increase of pear hectare application, result in the formation 

of Figure 6 which shows more annual allocation compare 

with Figure 

 
Figure 5: Future water allocation to the agricultural purpose.
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Figure 6: Scenario future water allocated to the agricultural purposes. 

Also, Figure 7 shows that there will be an annual water 

deficit from 2031 to 2050 for agricultural purpose but in 

the agricultural scenario the water deficit starts from 2030 

to 2050 as present in Figure 8. 

 
Figure 7: Future water deficit for agricultural purposes. 

 

 
Figure 8: Scenario future water deficit for the agricultural purposes. 
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3.2.2 Water Supply to Kano City and Unmet Demand 

Figure 9 presents water supply to the Kano population 

while Figure 10 presents scenario water supply to the 

Kano population. These two Figures projected that there is 

an increase of pressure on water due to rapid population 

growth but the pressure is more on the scenario because of 

per capita application compares with the Kano population 

supply.  

 
Figure 9: Future water allocates to the Kano population. 

 
Figure10: Scenario future water allocates to the Kano population. 

Moreover Figure 11 presents unmet water supply to the 

Kano population while Figure 12 is a scenario water 

deficit. These two Figures project that there will be no 

satisfying supply from 2031-2050 as observed. This is due 

to an increase in pressure on water as a result of rapid 

population growth and climatic variation.  
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Figure 11: Future water deficit to the Kano population. 

 
Figure 12: Future scenario water deficit to Kano population. 

3.2.3 Water Supply to Kano Industries and Unmet Demand 

Supply to industrial purpose is increasing serially from 

2018 as shown in Figure 13 likewise Figure 14. These two 

Figures have lest annual water allocation compares with 

other purposes because of low industrial density, rapid 

population growth and farming area.  

 
Figure 13: Future water allocation to the Kano industries. 
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Figure 3.14: Future water allocation to the Kano industries. 

Figures 15 and 16 indicate that the dam will not meet the 

industrial demand in the future from 2031 to 2050. 

 
Figure 15: Future water deficit to Kano industries. 

 

 
Figure 16: Future scenario water deficit to Kano industries. 
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It was observed from Figures 5 to 6 that the annual 

average volume of water allocated to agriculture purposes 

is 410.5 Mcm with the scenario water supply of 

658.8Mcm, for the Kano population is 266.3 Mcm with 

301.8 Mcm scenario water supply and for Kano industries 

are 15.5Mcm with 20.1Mcm scenario water supply.  

In general we can also observe from them that Tiga Dam 

alone can’t meet the demand of the three sectors from 

2031. The results found in this research is in consistent 

with the Bello and Tuna (2014) whose found that Kano has 

36% water deficit and Daniyal et al., (2017) found further 

that, if the population, as well as the industrial and 

agricultural sectors, growth continues, in 2050 there would 

be a water shortage in that study area. Similarly Yunana et 

al, (2017) stated that additional pressure would be imposed 

on water availability, water accessibility and water demand 

in Africa because the population in Sub-Sahara Africa is 

expected to increase from 700 million in 2007 to 1.1 

billion in 2030 and 1.5 billion by 2050. In general this 

result agreed with causalities contributing to hydrological 

change observed by Matthew (2019) that lead to decrease 

in reservoir storage. 3.2.4 Demand Side Reliability 

WEAP model was predicted the reliability of the Tiga 

Dam reservoir in terms of supplying water for different 

purposes as present in Table 2. 

Table 2: Future demand site reliability for different purposes and 

scenarios 
Types 

Reference 

(%) 

If 

agricultural 

demand 

increase by 

33.9% water 

use (%) 

14.3% 

Water use 

rate 

increase of 

Kano 

Population 

(%) 

Water use 

rate for 

industries 

increase 

by 30.4% 

(%) 

Agricultural 
demand 86.6 

85.4   

Kano 

Industrial 
Demand 86.9 

  86.6 

Kano 

Population 

Demand 86.6 

 86.5 86.6 

3.3. Future Hydropower Generate and Unmet 

Hydropower Generate 

Tiga reservoir is only having the capacity to generate 

annual average hydropower of 21288.8 GJ from 2018 to 

2050 with average unmet power generation of 161.9 GJ as 

presented in Figures 17 and 18 respectively. We see 

clearly from Figure 18 that annual unmet power generation 

will start from 2027. Figure 17 shows that difference in 

annual power generation which is fluctuating as a result 

change in discharge.  

Never the less these results obtained agree with what 

Zakaria et al. (2011) found,  that it will be a good thing if a 

hydro-electric dam could be constructed on the Niger 

River, which will help to control the flows of water-fall 

and low water levels on the river. The fluctuation of Figure 

17 is a result of the variation of rainfall and flow in to the 

turbine. 
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Figure 17: Future hydropower generate 

 

Figure 18: Unmet future hydropower generate 

In a monthly basis the reservoir will generate a monthly 

average power of 28000GJ with average unmet power 

generation of 8.6GJ as presented in Figures 19 and 20 

respectably. It was observed from Figure 20 that only 

September and October that will satisfy future hydro 

power generation form 2027.  

 

Figure 19: Future monthly hydropower generate 

Figure 20: Unmet monthly future hydropower generate 
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4. Conclusion 

In this research work, an effort has been made to 

determine past and future water allocation for 

scenarios and different purposes concerning 

agriculture, Municipal (Kano city) and industrial 

from Tiga Dam using the WEAP model. With the 

use of WEAP model software, we can confirm that 

the water scarcity and difficulties will arise in the 

future in Kano state Nigeria as long as mechanisms 

of management are not put in place to take care of 

rapid population growth and increase in irrigation.  

In the future from 2031 to 2050 the dam will not 

be able to meet up with the total demand, it is only 

capable of supplying an annual average of 410.5 

Mcm for agriculture with an unmet demand of 

123.7 Mcm, and agricultural scenario of 658.8 

Mcm with an unmet demand of 188Mcm,  266.3 

Mcm for Kano population with an unmet demand 

of 61.6 Mcm, and 301.3 Mcm for Kano population 

scenario with 75.3 Mcm an unmet demand, 15.5 

Mcm for Kano industries with unmet demand of 

5.4 Mcm and 20.2 Mcm Kano industrial scenario 

with 7 Mcm unmet demand. The Tiga Reservoir 

will generate 21288.8 GJ an annual average 

hydropower with 161.98 GJ an unmet power from 

2027. In general, this model predicts that the an 

annual average future water supply from 2018 to 

2050 for all purpose is 692.4 Mcm with an unmet 

demand of 190.8 Mcm from 2031 but 980.3 Mcm 

for all scenarios with an unmet demand of 270.5 

Mcm.  

However further study should be carried out by 

considering different management strategies to 

find out the most efficient methods to reduce 

unmet demand for three purposes. In agricultural 

purposes, drip or sprinkler irrigation can be 

considered to reduce water losses and wastage. 

The population growth control method that will 

enhance in reducing domestic water demand can 

be adopted. Also adequate water harvest in the 

reservoir during the rainy season by reducing flow 

in to downstream as a result of reducing the 

discharge of outlet during the rainy season can be 

considered. Moreover, Kano city and industrial 

sectors can construct a surface or underground 

reservoir to harvest rain water that can reduce their 

demand during the dry season. Detail study should 

carryout to find out why the agricultural sector 

consumed more water. Also extra early crops 

should be used, to reduce the amount of water 

required per hectare in irrigation. Finally creations 

of means for wastewater re-use and recycling may 

help seriously in reducing unmet water demand. 
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