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Abstract 
 

Water is a basic necessity for sustaining life and development of society. Proper 

management, protection and exploitation of water resources are the challenges imposed 

by population growth, increasing pressure on the water and land resources by competing 

usage. A good amount of clean water exists on Earth although it is normally inadequate 

in supply because of anthropogenic activities such as deforestation and land use change. 

Like many other catchments that provide economic activities for the community’s 

livelihood, the Chalimbana river catchment in Zambia has been deforested heavily and 

most of the local communities believe that deforestation could be the main contributing 

factor to the drying up of Chalimbana River. The objective of this study was to analyse 

the impact of deforestation on the stream flow of Chalimbana River Catchment with the 

help of a conceptual hydrological model, HBV. There was a 24% reduction in the annual 

average rainfall amounts for the deforested period as compared to the period before 

deforestation. The Qrec/Qsim ratios had revealed that the annual stream flow generation 

for the period after deforestation (1987 to 1996) for the Chalimbana River had decreased 

by about 12% as compared to the period with enough forest cover (1975 to 1985). The 

ratio of annual Qrec/P had indicated that after a 30% forest loss in Chalimbana 

catchment, there was a 33% increase in the generation of the stream flow. Based on the 

results that were obtained, a number of recommendations aiming at improving the 

catchment management were made. 

 

Keywords 

Deforestation, Stream flows, Catchment Management, HBV, Chalimbana and Zambia 
 
 
 
 
 
 
 
 
 
 
 



 IV 

Table of Contents        Page 

Dedication  ------------------------------------------------------------------------I  

Acknowledgement -----------------------------------------------------------------------II  

Abstract  ----------------------------------------------------------------------III  

Table of Contents ----------------------------------------------------------------------IV  

List of Figures  ----------------------------------------------------------------------VI  

Abbreviations and Acronyms-------------------------------------------------------------VII 

1.0 Introduction ------------------------------------------------------------------------1 

1.1 Impact of land use changes on hydrology ---------------------------------------2 

1.2 Deforestation in Zambia -----------------------------------------------------3 

1.3 Causes of Deforestation -----------------------------------------------------3 

1.4 Effects of Deforestation -----------------------------------------------------5 

1.5 Measures to combat Deforestation --------------------------------------------5 

2.0 Rationale of the study  --------------------------------------------8 

3.0 Research question  -----------------------------------------------------9 

3.1 Objectives  --------------------------------------------------------------9 

4.0 Study area  --------------------------------------------------------------10 

4.1 Climate  -------------------------------------------------------------11 

4.2 Vegetation/Land use -------------------------------------------------------------12 

4.3 Hydrology  -------------------------------------------------------------13 

4.4 Population  -------------------------------------------------------------13 

4.5 Wild life  -------------------------------------------------------------14 

4.6 Current status of Chalimbana catchment area -------------------------14 

4.7 Major stakeholders in Chalimbana catchment -------------------------15 

5.0 Literature review  ----------------------------------------------------16 

5.1 Management of water resources in Zambia  -------------------------16 

5.2 Catchment hydrological cycle -------------------------------------------17 

5.3 Catchment runoff generation  -------------------------------------------18 

5.4 Forests versus runoff   -------------------------------------------19 

5.5 Links between forest cover and stream flow generation ----------------19 

5.6 Links between forest cover and precipitation generation ----------------21 



 V 

5.7 Classification of models in catchment management  ----------------22 

6.0 The HBV model structure  -------------------------------------------24 

7.0 Methodology  -------------------------------------------------------------26 

7.1 Data collection -------------------------------------------------------------26 

7.2 Application of the HBV model -------------------------------------------27 

7.3 Results  ----------------------------------------------------------------------27 

7.4 Model calibration  ----------------------------------------------------27 

7.5 Calibration analyses  ----------------------------------------------------29 

7.6 Time series of rainfall  ----------------------------------------------------36 

7.7 Time series of Qrec/Qsim and stream flow ----------------------------------36 

7.8 Time series of Qrec/P  ----------------------------------------------------37 

Constraints of the study --------------------------------------------------------------38 

8.0 Discussion  --------------------------------------------------------------39 

9.0 Recommendations --------------------------------------------------------------41 

10.0 Conclusion -----------------------------------------------------------------------43 

References --------------------------------------------------------------------------------44 

Appendices --------------------------------------------------------------------------------47 

Appendix A: Calibration parameters and recommended interval values 

Appendix B: Values selected and used for calibration  

Appendix C: Annual Calibration results for the period 1975 to 1985 

Appendix D: Annual results (1987 to 1996) based on 1975 to 1985 calibration parameters 

Appendix E: Annual recorded rainfall and discharge for Chalimbana catchment 

Appendix F: Map of Zambia showing the project site 
 
 
 
 
 
 
 
 
 
 
 
 



 VI 

List of Figures         Page 

Figure 1. Map of Africa showing the position of Zambia --------------------10 

Figure 2. Outline of Chalimbana River catchment -----------------------------11 

Figure 3. Graph of temperature and rainfall  -----------------------------12 

Figure 4. Woodland cover of Chalimbana in Chongwe  --------------------13 

Figure 5. Hydrological cycle  -----------------------------------------------18 

Figure 6. HBV model structure  -----------------------------------------------24 

Figure 7. Model calibration hydrographs (1975 to 1985) ---------------------------30 

Figure 8. Model hydrographs (1987 to 1996) --------------------------------------33 

Figure 9. Accumulated difference (1975 to 1985) -----------------------------34 

Figure 10. Accumulated difference (1987 to 1996) -----------------------------35 

Figure 11. Time series of rainfall graph - -----------------------------------------------35 

Figure 12. Qrec/Qsim graph --------------------------------------------------------36 

Figure 13. Cumulative discharge – Recorded versus simulated---------------------37 

Figure 14. Time series of water balance  --------------------------------------38 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 VII  

List of abbreviations and Acronyms 
 
CIDA  - Canadian International Development Agency 

CDC - Chongwe District Council 

CDSA  - Chongwe District Situational Analysis  

CRCCC - Chalimbana River Catchment Conservation Committee 

DWA - Department of Water Affairs 

GWP - Global Water Partnership 

HBV  - Hydrological Bureau Water balance 

ITCZ  - Intertropical Convergence Zone 

IWRM - Integrated Water Resources Management 

LIU - Linköping University 

MDGs - Millennium Development Goals 

MET  - Ministry of Tourism, Environment and Natural Resources 

MEWD - Ministry of Energy and Water Development 

NDP - National Development Plan 

NISTCOL - National In-service Teachers’ College 

PAWD - Partnership for Africa’s Water Development 

SI  - Swedish Institute 

SIDA  - Swedish International Development Agency 

SMHI  - Swedish Meteorological and Hydrological Institute 

WRAP - Water Resources Action Programme 

WSSD - World Summit on Sustainable Development 

WWF  - World Wide Fund for Nature 

ZAWA - Zambia Wildlife Authority 

ZWP  - Zambia Water Partnership 



 1 

1.0  INTRODUCTION/BACKGROUND 

Water is a basic necessity for sustaining life and development of society. Proper management, protection 

and exploitation of water resources are the challenges imposed by population growth, increasing 

pressure on the water and land resources by competing usage, and degradation of scarce water resources 

in many parts of the world (Larsen et al., 2001). A good amount of clean water exists on our planet 

although it is either present at locations far away from demand or inadequate in supply because of 

anthropogenic activities such as forest and land use change. Water is essential for life and it provides 

many industrial products, transportation and generates power, all of which are important for the 

functioning of a modern, developed, and developing society. The World Summit on Sustainable 

Development (WSSD) of 2002 confirmed the importance of water and the relationship it has to all other 

issues and the critical role it plays in the attainment of the Millennium Development Goals (MDGs) 

(PAWD, 2007). The competition for fresh water resources have continued to grow almost everywhere 

making its availability a source of concern, especially in Asia and sub Sahara African countries. Zambia 

has not been spared from such water issues. At a local level, Chalimbana river catchment in Zambia has 

been faced with multiple water problems resulting from increased population and settlements that has 

led to increased water use activities such as domestic, agriculture, industry and energy supply. Some of 

these activities are not only depleting the water resources of the river but are also polluting it, rendering 

the resource inadequate as the river flows continue to decline with some parts of the river drying up, 

especially, during the dry seasons (ibid). The catchment has been deforested heavily and most of the 

local communities believe that this could be the main contributing factor to the drying up of the 

Chalimbana River. It is against this background that I seek to apply the Swedish HBV hydrological 

model as a tool to help analyse the water situation at Chalimbana River catchment. The HBV model is a 

conceptual model for runoff simulation that describes hydrological processes at the catchment scale. The 

HBV model was originally developed by the Swedish Meteorological Institute (SMHI) in the early 

1970´s to assist hydropower operations. The aim was to create a conceptual hydrological model with 

reasonable demands on computer facilities and calibration data. The HBV approach has proved flexible 

and robust in solving water resource problems and applications now span over a broad range. The model 

is the standard forecasting tool in Sweden, where some 75 catchments, mainly in small and unregulated 

rivers are calibrated for the national warning service. Additional forecasting for the hydropower 

companies is made in some 80 catchments. Furthermore, operational or scientific applications of the 

HBV-model have been reported from more than 50 countries around the world (SMHI, 2006). To 
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systematically achieve this, the thesis addresses deforestation in Zambia, management of water 

resources in Zambia, classification of models for river catchment management, and most importantly an 

application study of Chalimbana river catchment rainfall runoff simulation. The use of HBV model for 

assessing the impact of land use alteration on the stream flow will result in recommendations and filling 

in the knowledge gap for water resources management at Chalimbana river catchment. The HBV-model 

is preferred for this study because of its proven good results. The model has become widely used for 

runoff simulations in Sweden (Bergström, 1992) and in modified versions; the model has been applied 

in about 30 countries with different climatic conditions (SAF, 2004; Rahim, 1987).  

 

1.1  Impact of Land Use Changes on Hydrology 

Results from small catchment (<1km2) studies have been fairly consistent while large catchment 

(>1000km2) ones have been contradictory over the effect of land use changes on hydrology (ibid). This 

can be attributed to the fact that the effect of land use change on stream flow in large catchments is 

subject to a number of complex factors that include climate, vegetation type, soil type, topography and 

geology. Several studies have shown that forest conversion results in increased water yield for small 

catchments (SAF, 2004; Rahim, 1987) while the case of large catchments (>1000 km2) is different from 

small ones as many studies reveal no meaningful change in stream flows after forest conversion (Wilk, 

2000). A study at Nam Pong river basin (12100km2) in North East Thailand showed no statistically 

significant change in stream flow patterns and amounts after large indigenous forest reduction from 80% 

to 27% (Wilk, 2000). Other studies have revealed some relative variations in trends on stream flows as a 

result of forest conversion in temperate zones as compared to the tropics though conflicting results still 

exists (Bruijnzeel, 1988).  It is worth noting that in the tropics, base flow is normally controlled by 

infiltration conditions and evaporative rates. Research conducted in dry catchments in sub-Saharan 

Africa showed a decrease in dry season flows after forest conversion to agricultural land by 13% (Calder 

et al., 1994). Also, some studies have revealed that stream flow variation after land use change also 

depends on the type of new vegetation and period of establishment (Dye, 1996). Conversions of dry 

deciduous forests into agricultural land resulted in increased runoff in Southern African catchments 

(Calder et al., 1994).  
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1.2  Deforestation in Zambia 

Deforestation refers to the removal of the tree vegetation, leaving other forms of vegetation to dominate 

the landscape. Deforestation may also be defined as the conversion of a forest to another land use 

system, which may include establishment of settlements and agriculture expansion (MTE, 2007). 

Biodiversity conservation and specifically forest resource management are the major challenges facing 

the forestry sector in Zambia today. Deforestation and forest degradation are the most crucial 

conservation issues in the country, requiring concerted efforts from all stakeholders, to achieve 

sustainable development (ibid). High levels of unemployment have impacted negatively on the forest 

resource because people find it easy to engage in the exploitation of the resource to earn a living. The 

Forestry Department estimates about 300,000 hectares of forests are lost each year, through various 

exploitation activities. Therefore, it is anticipated that unless concrete measures are put in place to 

combat deforestation, the remaining natural forests will be degraded irreversibly, thus, negatively 

affecting amongst other things, the water resources. Apart from the ecological benefits such as 

biodiversity conservation, river catchment sustenance, forests also support economic activities in the 

agricultural, mining, tourism and construction sectors, at local and national levels. Therefore, to attain 

national economic sustainable development in the above sectors, there is need to adopt integrated 

approaches to forest resource conservation and management at all levels. 

According to MET (2007), the following are some of the major causes, effects and measures to combat 

deforestation in Zambia; 

 

1.3  Causes of Deforestation  

Deforestation as a result of land use change towards agriculture, illegal settlements and current 

unsustainable levels of utilisation to mention but a few have contributed to the loss of forest cover in 

Zambia and the southern Africa as a whole. The total area of indigenous forest in Zambia is 44.6 million 

hectares and covers 60 percent of the total land area, out of which 9.6 percent are gazetted forests 

(Shakacite, 2000). Wood fuel is still the common energy source (supplying about 90% of urban 

household) used by most households, (Dept of Energy, 1998). 

 

a)  Poor Agricultural Practices 

Clearing of the forests for agriculture expansion is an essential undertaking in the economic 

development of the country. However, lack of intensive utilization of most arable lands is a setback in 
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forest conservation. Application of poor agricultural practices, such as shifting cultivation often defeats 

itself when the population increases to unpropotional levels. Under this scenario the cleared forest areas 

are not given sufficient time to regenerate, leading to serious ecosystem degradation. 

 

b)  Uncontrolled Settlements    

One of the problems arising from the rural- urban migration process is the establishment of unplanned 

settlements, especially in the peri-urban areas. People have tended to construct houses wherever they can 

find space. In some instances the government has taken steps to degazate protected forest areas to pave 

way for resettlement schemes, due to population pressure. 

 

c)  Uncontrolled Charcoal Production 

The rampant charcoal production has been recognized as one of the most serious causes of deforestation, 

impacting negatively especially on the miombo woodland ecosystems. The driving force of the charcoal 

production industry is the high demand for wood energy in the major cities of the country. The low 

investment levels required in the charcoal production process, coupled with high unemployment levels 

in the country, have provided a recipe for overexploitation of the forest resource.  

 

d)  Uncontrolled Forest Fires 

Most forest fires are either directly or indirectly caused by human activities. Late forest fires reduce the 

regeneration capacity of the miombo woodland species. The high heat intensity usually destroys the seed 

bank, diminishing the probability of forest recovery. 

 

e)  Over exploitation of Timber 

Timber production in Zambia is considered to be a driving force for industrial development especially in 

the rural areas, having the potential to create employment. However, due to lack of capacity to supervise 

the Concessionaires and in the absence of management plans, logging operations in indigenous forests is 

done in an ad-hoc manner resulting in over exploitation of some timber trees. The very existence of the 

forest resource is threatened due to unplanned harvesting.     
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1.4  Effects of Deforestation 

Human destruction of the forests on which biodiversity depends has been rated as the most direct threat 

towards nature conservation and sustainable development. In essence, the impact of deforestation on 

ecosystem components such as plant species diversity has a direct link to the diminishing quality of life 

for the majority of the people who depend on the natural resource for their livelihoods. Deforestation 

can lead to micro and global climate change. When large segment of forests are destroyed rainfall may 

decline leading to frequent droughts in the region. With the localized forest destruction, floods may also 

become a frequent occurrence, considering that the ecological system of the area would not be in 

balance. The phenomenon is such that the waterways are usually filled with silt and sediments, thus 

overflowing their banks during the rainy season. On the other hand the underground aquifers run low, 

due to lack of natural water infiltration system provided by the forest cover. 

 

1.5  Measures to Combat Deforestation  

The Forestry Department under the Ministry of Tourism, Environment and Natural Resources has been 

mandated to manage the forest resource in the country. This is quite a challenging developmental 

component. However, over the years several mitigation measures and intervention have been put in 

place to combat deforestation in the country and ensure significant contribution of the forestry sector to 

poverty reduction and economic growth. Some of the measures include (MTE, 2007); 

 

i)  Regulation of Forest Exploitation 

This measure is put in place to ensure that forests are not over cut when timber producers are licensed to 

exploit trees for wood based needs. Regulation of forest exploitation ensures that forests are used in a 

sustainable manner. The measure is achieved through issuing forest licenses, which are given to 

concessionaires for cutting trees in specified areas of forests according to forest regulations. 

Environmental impact assessments are encouraged to ensure low impact timber exploitation procedures. 

 

ii)  Fire Management and Control  

To reduce the loss of tree cover through late fires Forestry Department Staff carry out early burning in 

forest reserves and open areas. This activity takes place yearly between May and July depending on the 

rainfall pattern that year. The practice reduces forest floor fuel (mainly grass) to an extent that any late 
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fires cannot become as severe as to destroy trees. The practice even stimulates germination and growth 

of certain tree species. 

 

iii)  Forest Patrols 

Forestry Officers conduct both general and blitz patrols and roadblocks to control illegal timber and 

charcoal production in forest areas. It is also aimed at controlling transportation of illegal timber and 

charcoal as well as squatting for farming in forest reserves. The essence of patrolling forests is also to 

check their status, and remove threats to forest growth and development. In addition, patrols reveal what 

products could be obtained from particular forests and which best use a forest could be put to. 

 

iv)  Pricing of Forest Products 

The main purpose of pricing of forest products is to monitor and control forest exploitation and therefore 

regulate forest utilization. It is also meant to generate revenue intended for assistance in sustainable 

forest management. Pricing forest products also cuts off many forest exploiters who would have 

otherwise engaged in indiscriminate timber cutting had there been no prices attached to timber products 

and charcoal production. 

 

v)  Promotion of Agro forestry 

This involves the inclusion of planted trees in the farming systems. Most of these trees are fast growing 

and in addition to providing timber may also provide poles, wood fuel, fodder as well as nutrients to the 

soil. Agro forestry systems reduce fertilizer input for agriculture, improve soil structure and quality and 

reduce pressure on the natural forest by providing poles for building purposes and wood for fuel. 

 

vi)  Forest Extension Programmes 

This involves sensitization and awareness campaigns to enlighten local communities on the importance 

of forest conservation and the negative consequences of deforestation, such as the drying of rivers and 

streams, reduction in crop yields and unfavourable weather patterns. These campaigns are carried out 

through workshops, meetings, demonstrations, drama sketches and through the electronic media (radio, 

video shows etc). 
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vii)  Re-Aforestation Programmes 

Every year the Forestry Department carries out tree planting on an appropriate date designated as a 

National Planting Day between 15th December and 15th January every year. This activity takes place in 

all the provinces in conjunction with local communities, NGOs, political leaders and other stakeholders. 

Planting of trees is intended to some extent to replace trees being cut down for various uses, thus 

reducing the effects of deforestation. In addition commercial license holders are obliged to plant trees in 

areas of their operation or contribute to the planting of these areas in kind by providing resources for the 

same. 
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2.0  RATIONALE OF THE STUDY 

Development pressures within Lusaka urban, created by rapid population growth, have placed the 

Chalimbana Catchment under great land-use pressure. Without specific laws mandating its protection, 

Chalimbana has made way for residential development, commercial and industrial projects, small-scale 

and large-scale agricultural activities and associated storage areas. Consequently, the Catchment, which 

at one time was well forested and captured enough water for the river to flow throughout the year, has 

undergone significant changes (PAWD, 2007). The pristine forests that once covered the Catchment to 

protect the headwaters and promoted recharge, have continued to diminish due to deforestation. The loss 

of forests arising from livelihood needs – agriculture and charcoal burning amongst other things has left 

the area bare in many places, leading to increased run-off, erosion and siltation of river channels. 

Exacerbated by increased water use, infrastructure development, construction of dams and uncontrolled 

drilling of boreholes, the river has experienced a reduction in base flows (ibid). The reduced water 

resource, which once formed the backbone of income generating activities in the catchment area, is now 

having a negative impact on both the population and the environment. Stakeholders, locals, 

environmentalists and farmers have expressed concern over the water resources management at this 

catchment. This concern by stakeholders has been confirmed using a study that was supported by the 

Canadian International Development Agency (CIDA) through the Partnership for Africa’s Water 

Development (PAWD) project which indicated that the Chalimbana Catchment is experiencing many 

water resources management problems, which has qualified it as a “hot spot” needing IWRM 

application. Lack of proper water resources management, coupled with reduced flows in the catchment, 

has resulted into inadequate water supplies for the various competing users. This situation requires an 

understanding of the physical system and its interaction with the environment at the catchment. Hence, 

for effective planning and application of water resources management, there should be a basis or a study 

that must expose the areas that need attention. In this regard, hydrological models provide the 

opportunity for well-structured catchment analyses of water availability and water demands and offer a 

sound scientific framework for a coordinated management and planning. This in turn facilitates 

reasonable and equitable use of scarce and vulnerable water resources by all stakeholders (Larsen et al, 

2001). Therefore, application of HBV hydrological model, for rainfall – runoff simulation, will be useful 

in assessing the stream flows and for evaluating the effects of land use change and various management 

alternatives on water resources. The rainfall – runoff modelling is widely considered as a standard tool 

that is routinely used for the investigations and applications in catchment hydrology. It is hoped that the 
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results from this study will have significant implications on the current and future land and water 

resources management at Chalimbana river catchment. 

 

3.0  RESEARCH QUESTION 

What is the impact of deforestation on Chalimbana stream flows and how can the catchment be managed 

sustainably? 

 

3.1  OBJECTIVES 

The overall research objective is to attempt to establish the impact of deforestation on stream flows in 

Chalimbana river catchment so as to employ sustainable water resources management. This general 

objective will be answered with the help of the following specific objectives: 

 

1). To determine the impact of deforestation on stream flows of Chalimbana river catchment through 

HBV model simulation of rainfall, runoff-time series. 

 

2). To use the HBV model to generate synthetic hydrologic data that will help to better understand the 

effects of current and future land uses on water resources within the Chalimbana river catchment. 
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4.0  STUDY AREA  

Zambia is a land locked country in Central Southern Africa (Figure 1) with a surface area of 

752,614km2, situated on a high plateau about 1000 to 1500 meters above sea level and an average 

population of about 11 million people. The study area is called Chalimbana in Chongwe district of 

Lusaka province. 

 
Figure 1 Map of Africa showing the position of Zambia. (Source: FAO Disclaimer) 

 
The Chalimbana River Catchment lies Northeast to Southeast of the city of Lusaka and is readily 

accessible via the State Lodge road in Lusaka East or the Great East Road. The river whose length is 

about 37km has a number of tributaries draining into it before it finally drains into the Chongwe River.  

The Catchment is drained by the Chalimbana River, which has its source in Forest Reserves No. 26 and 

27 Southeast of the City of Lusaka (near Bauleni Compound). It flows eastwards to its confluence with 

the Chongwe River. The river has several (recharge) tributaries flowing into it from the northerly and 

southerly directions, which include Mukamunye, Kapilyomba, Kashikili, Buyuni and Njolwe (PAWD, 

2007). The area is about 520km2 in extent. It has undulating terrain with an altitude ranging from 1029 

to 1342 meters above sea level (ibid). It has the latitude of about 15o20’ S - 15o32’ S and longitude of 

about 28o22’ E - 28o44’ E. The catchment extends from the international airport – Kapilyomba, great 

east road to forest reserve 26 – Kyindu farm road – Mikango barracks – Susuman area (ibid). Figure 2 

below is an overview of the three sub-catchments and drainage pattern of the Chalimbana River 

Catchment. 
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Figure 2: The Chalimbana River Catchment showing the three sub-catchments.  Source: PAWD, 2007 

 
 
4.1  Climate 

The climate patterns are as a result of three geographic controls. Like the rest of the country, Chongwe 

district has tropical savannah type of climate with three identifiable seasons, namely; the rainy, cold and 

hot dry seasons. The rainy season commences in October and end in April. The annual rainfall is 

estimated at 800mm with plateau areas recording highest than the valley. Most of the rainfall is 

influenced by the inter Tropical Convergence Zone (ITCZ) and gives a moderate wet grounds on the 

plateau (CDDP, 2006). The cold season is characterized by cool breeze, windy and dust. The 

temperature ranges between 10 and 18 degrees Celsius. The dry season beginning in August to October 

has temperature ranging between 18 and 27 degrees Celsius (ibid). Figure 3 depicts average monthly 

values of temperatures ranging between 17 and 25 degrees Celsius and average monthly rainfall values 

ranging between 1 and 213mm in Lusaka. 

 
 



 12 

 
Figure 3 Graph of Temperature and Rainfall. (Source: World Fact Book 2004 (May 2004) 

 
 
4.2  Vegetation/Land Use 

The Chalimbana River Catchment is mainly covered by Miombo Woodland. Generally, the area has 

good arable soils, making agriculture the mainstay and socio-economic activity in the area. Thus, both 

large-scale agro-business, smallholder and subsistence agriculture is practiced and the Chalimbana River 

provides much of the required water resources for irrigation agriculture (CDDP, 2006). There are two 

main soil types; shallow to moderately deep brownish clayey to loamy soils derived from acid rocks that 

are covered with miombo woodland. The miombo woodland soils have a pH of 4.9-5.8 and organic 

matter and total nitrogen content of 1.0 – 4.0% and 0.05 – 0.4%, respectively, in the topsoil (0-30cm). 

While the amount of exchangeable phosphorus in the topsoil ranges from 8 to 35 mg/kg soils (ibid). The 

other major soil type is represented by reddish clayey soils derived from basic rocks that are covered 

with munga woodland. Analysis of remote sensing images has revealed that the woodland cover in the 

catchment area has declined by nearly 30% during the period 1989-98 (Figure 4). Also analysis of 

satellite images for 1989 and 1998 revealed that the forest has decreased at a rate of 3.2% per annum 

with the highest rate of change of 8.8% occurring in munga woodland (SEI). This woodland is 

predominantly cleared for cultivation that is probably the main cause of land cover change. The rate of 



 13 

annual cover change in plateau miombo woodland that is usually cleared for both charcoal and crop 

production was about 2.1%. Low re-growth woodland, grassland and cultivated land increased by 19.5% 

per annum (ibid). 

 

 
Figure 4 Woodland cover (green) in the eastern portion of the Chongwe catchment area in 1989, woodland cover had 
declined by nearly 30% during 1989 to 1998. Red lines indicate the boundaries. (Source: SEI) 

 
 
4.3  Hydrology 

The major rivers in the District are Chongwe, Chalimbana, Lunsemfwa and Luangwa rivers. The other 

small rivers that have water in the rainy season and dry up in the dry season are Rufunsa, Mwapula, 

Mtendeshi, Changwenga and Musangashi (CDSA, 2005). 

According to CDSA (2005), these rivers and discharge streams are characterized by reduced flow due to 

increased demand by the local communities and commercial farmers. For example, the Chalimbana 

River has in excess of 8 dams and 3 weirs in the upper part of its stretch of 37km. In the downstream 

there are many small scale farmers and human settlements utilizing the water resources. Therefore, the 

use of water resources has been contentious since the early 1990s, especially between commercial 

farmers upstream and the local communities downstream (ibid).  

 

4.4  Population 

The estimated 2005 population for the Chalimbana River Catchment was 132,988 (CDSA, 2005). The 

rapid population growth in Lusaka has placed Chalimbana under great land-use pressure, as most people 

prefer moving out of town to settle in Chalimbana. Since there are no specific laws mandating the 

protection of the Catchment, Chalimbana has made way for residential development, commercial and 
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industrial projects including small- and large-scale agricultural activities. As a result, the liveability of 

the Catchment has been compromised as natural areas are converted to more intense land uses (ibid).  

 

4.5  Wildlife 

Various species of wildlife still exist in the area, although, due to habitat competition with the human 

species, most of it has been lost. Kudu, common duiker, bushbuck, bush pigs, wild cats, monkeys may 

still be seen, especially on protected private farm estates. Various bird species and snakes (including 

python), tortoises, various frog species and water-monitors may still be spotted in the area (CDSA, 

2005). 

 

4.6  Current status of the catchment area 

Forest reserves 26 and 27 together form the only continuous air-shed and green-belt still in pristine 

condition around the city of Lusaka. This forest forms the source and watershed for the Chalimbana 

River and some of its main recharge tributaries. It was first gazetted as a protected forest area in 1931. In 

1983, it was degazetted by the government. This resulted in the area being badly degraded due to 

deforestation, illegal mining of building minerals along the river banks and subsistence cultivation. The 

net result was the gradual drying up of most of the tributaries, siltation and drastic reduction of water 

flows in the river channel proper. The drought of 1991-1993 made an already bad situation worse 

(Project proposals for environmental sector volume 2). In 1994 the local community came together and 

formed an environmental conservation community based organization called the Chalimbana River 

Catchment Conservation Committee (CRCCC). Through this committee, the community was able to 

lobby and pressure the government to re-gazette forest reserve number 27. This was achieved in 

September 1996. However, this forest is currently being considered for commercial development to the 

extent that its status as a forest reserve has been critically endangered. 
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4.7  Major stakeholders in the Chalimbana River Catchment 

 

According to PAWD, (2007), the major stakeholders in the Chalimbana Catchment are: 

a) Water Board (WB). 

b) Department of Water Affairs (DWA). 

c) Chongwe District Council (CDC). 

d) Kafue District Council (KDC), and 

e) Lusaka City Council (LCC). 

f) Zambia Wild Life Authority (ZAWA). 

g) Forest Department. 

h) Defence Forces Barracks at Twin Palm and Mikango. 

i) Commercial developers. 

j) Commercial farmers  

k) Small-scale community farmers  

l) The traditional leadership 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 16 

 

5.0  LITERATURE REVIEW  

 

5.1  Management of water resources in Zambia 

Water is fairly abundant in Zambia with a wide river network, aquifers and a number of lakes in 

different parts of the country. The annual rainfall averages between 700 mm in the south and 1400 mm 

in the north. However, there are significant variations across the country with a strong seasonal 

distribution leading to water deficits in some areas, such as among the farming community in the 

Chalimbana catchment where competition for available water resources has already manifested itself 

and this is expected to increase with the economic development in the country. Management of these 

water resources is critical if equitable access by various competing needs is considered. The Water 

sector in Zambia is primarily under the responsibility of the Ministry of Local Government and Housing 

that deals with issues of water supply and sanitation and the Ministry of Energy and Water Development 

that deals with water resource development and management.  The water Board, under the Ministry of 

Energy and Water Development, operates under the Water Act, Cap 198 (1948), is responsible for 

allocating raw water rights to various sectors of the economy. Under the same Ministry, the National 

Water Supply and Sanitation Council (NWASCO), which was established under the water supply and 

sanitation Act (28) 1997, is responsible for overall water resources management (planning, regulation 

and development). The Ministry of Local Government and Housing is by the Water Supply and 

Sanitation Act (1997) obliged to provide water supply and sanitation services to the areas under their 

jurisdiction, through the Local Authorities and Commercial Utilities. The Environmental Council of 

Zambia (ECZ) which was established under the Environmental Protection and Pollution Control Act No 

12 of 1990 is empowered to, among other things, establish water quality and pollution control standards; 

determine conditions for the discharge of effluents into the aquatic environment and thus ensuring the 

preservation of the integrity of all natural water bodies in the environment. There are also a number of 

non-governmental organizations (NGO) such as the World Wide Fund for Nature (WWF) and the 

Zambia Water Partnership (ZWP) that are involved in water resources activities in Zambia. ZWP is an 

organisation composed of stakeholders in the water sector with a mandate to advocate the adoption of 

integrated water resource management (IWRM) principles in Zambia.  
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The key institution charged with the responsibility of managing water resources at the catchment scale 

in the country is the Water Board. Through the provisions of the Water Act, Cap 312 of the laws of the 

Republic of Zambia, the Board is given the mandate to control the abstraction and use of surface water 

resources through the issuance of water rights. The Department of Water Affairs provides the Board 

with technical back up on water demand and availability before allocation to users. However, due to 

institutional staffing challenges, the Board has inadequate capacity to monitor water usage and enforce 

provisions of the Water Act. This has compromised sustainable management of water resources in the 

Chalimbana River Catchment. Currently, for example, several dams and weirs exist on the river built by 

individual farmers for irrigation purposes. This scenario is perceived to have resulted in less water being 

received by downstream users in the dry season, which has created suspicions among competing users – 

a situation, which poses great potential for conflict in the catchment (PAWD, 2007). The Water Sector 

reforms currently underway have provided a favourable environment for addressing these water 

management issues in the Chalimbana Catchment using IWRM. Through ZWP with support from CIDA 

under PAWD decided to facilitate operationalisation of IWRM principles in the Chalimbana Catchment 

with a view to demonstrating the potential offered by IWRM in the management of water resources 

under competing uses (ibid). 

 

5.2  Catchment hydrological cycle 

To perform a catchment modelling there is need for a clear understanding of the catchment hydrological 

cycle. The Earth’s water is always in movement, and the hydrologic cycle (Figure 5), describes the 

continuous movement of water on, above, and below the surface of the Earth. Water can change states 

among liquid, vapour and ice at various places in the water cycle. The sun provides energy to heat up 

water in the oceans and some of it evaporates as vapour into the air. Rising air currents take the vapour 

up into the atmosphere, along with water from evapotranspiration where cooler temperatures cause it to 

condense into clouds and fall out of the sky as precipitation. Precipitation is the most essential process 

for the generation of runoff at a catchment scale and it can be in the form of snow, hail, dew, rain and 

rime. For the purpose of this study, only rain will be considered as precipitation because it is the only 

form of precipitation that exists in the country of this study, Zambia. In a catchment, rainfall travels in 

different directions and part of it is intercepted by vegetation canopy and such interception is known as a 

loss function to catchment runoff. A portion of runoff enters rivers in the landscape as stream flow. 

Runoff, and ground-water seepage, accumulate and are stored as freshwater in lakes and rivers. Since 
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not all runoff flows into rivers, part of it soaks into the ground as infiltration. Some water infiltrates deep 

into the ground and replenishes aquifers (saturated subsurface rock) while part of this infiltrated water 

stays close to the land surface and can seep back into surface water bodies as ground water discharge. 

Some ground water finds openings in the land surface and emerges as freshwater springs. Over time, all 

of this water keeps moving and some re-enter the oceans, where the water cycle restarts. 

 

THE HYDROLOGICAL CYCLE 

 

 
Figure 5: The hydrological cycle.  (Source: Wikipedia, the free encyclopedia) 

 
 

5.3  Catchment runoff generation 

Runoff generation at a catchment scale includes two main components, namely, surface runoff and 

subsurface runoff.  

 

The surface runoff: Is defined as water flow over the land surface based on the differences on slope 

gradient. The flow processes include overland flow, stream flow, and channel flow. The overland flow is 

known as infiltration excess overland flow (Horton overland flow) or saturation overland flow (Dunne 

flow). The Horton overland flow is generated when the rainfall intensity exceeds the infiltration capacity 

of the soil or by a saturation mechanism where the soil becomes saturated by the perennial groundwater 

rising to the surface or by lateral or vertical percolation above an impeding horizon (Dunne, 1982). The 
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overland flow is observed as sheet flow, which then generates the rill flow. A number of the rill flow 

will contribute or create the stream flow, which then converges into channel flow.  

 

Subsurface runoff: Flow processes include perched subsurface flow, unsaturated subsurface flow, 

macro pore flow and groundwater flow. Subsurface runoff is generated as a result of water being 

discharged from the surface into the subsurface system. The perched flow occurs where the shallow soil 

layer has much higher hydraulic conductivity than the lower one. The macro pore flow occurs where the 

subsurface system has macro pores like voids, natural pipes or cracks and the flow contributes to the 

groundwater system. Ground water flow is produced in the saturated zone, which is fed through 

percolation of infiltrated water as well as from the neighbouring systems in the soil.  

 

5.4  Forests versus runoff 

A lot of work has been done by various researchers in relation to forest cover and run off. Below are 

some of the findings extracted from Wilk et al. (2001) on links between forest cover and stream flow 

generation and on the links between forest cover and precipitation generation; 

 

5.5  Links between forest cover and stream flow generation 

Tropical forests are assumed to be important for preventing flooding, protecting dry-season water supply 

and maintaining rainfall patterns (Botkin and Talbot, 1995; Myers, 1995). However, the benefit of forest 

preservation in hydrological terms is highly location-specific and scale-dependent (Sandström, 1995; 

Chomitz and Kumari, 1998). Several studies have shown that a large reduction in forest cover increases 

annual stream flow and peak flow/storm flow volumes both in temperate, humid and dry tropical areas, 

though the extent of the increase varies (Bosch and Hewlett, 1982; Bruijnzeel, 1990). These studies 

have, however, mainly been based on data from plots or small catchments of a few hectares (Bruijnzeel 

and Bremmer, 1989). Large river basins tend to be a mosaic of different land uses and practices, with 

heterogeneous geology, topography and soils. This spatial variability, in combination with spatial and 

temporal differences in precipitation patterns, will moderate the integrated river basin hydrological 

response. It is therefore not certain that conclusions drawn from small-scale studies are directly 

applicable to larger watersheds. Of interest is the fact that very few studies relating land-use cover 

changes and hydrology have been performed on large catchments. Professor Bruno Messerli at the 

Mohonk Mountain Conference, New York in 1986 postulated that human impacts in the upstream area 
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are insignificant to flooding and low flows farther downstream, though these same impacts are very 

relevant at a local scale (Hamilton, 1987). Qian (1983) could not detect a change in stream flow after a 

30% loss of tall forest on a large (727km2) catchment in China. Similar results emerged from a 

catchment of 14500km2 in the Pasak river basin in northern Thailand after a removal of 40–50% forest 

(Dyhr-Nielsen, 1986). Alford (1994) found no evidence that the stream flow or sediment regimes had 

changed significantly in mountainous watersheds in northern Thailand since the 1950s. No clear trends 

of changes in evapotranspiration or runoff could be found in study of catchments in Sweden between 

1400 and 25000km2, in spite of considerable increases of the biomass. It was concluded that any 

possible changes disappear in the noise from insufficient climatological data and errors in the 

hydrological model simulation (Brandt, 1992). A statistically significant increase in the annual runoff 

ratio was reported between 1944 and 1981 from the 1108 km2 upper Mahawelli basin in Sri Lanka 

despite a concurrent weak trend towards decreasing rainfall (Madduma Bandara and Kuruppuarachchi, 

1988). However, when analysing a longer time period (1940–1997) from the nearby Nilwa basin 

(380km2), which had experienced a 35% reduction in forest cover, the picture was less consistent. 

Despite decreased precipitation, stream flow remained at similar levels as before the removal. This was 

partly explained by expansion of tea holdings (Elkaduwa and Sakthivadivel, 1999). 

 

Adequate base flow during the dry season is often of great concern in the tropics. After forest clearing, if 

infiltration capabilities can be maintained to allow the water gained by decreased transpiration to 

penetrate the soil and not be lost to surface runoff, an increase in base flow will result (Bruijnzeel, 

1990). In a northern Thailand study, simulated rainfall in excess of infiltration rates occurred frequently 

on road surfaces and margins, while rarely on agricultural, secondary vegetation and forested lands 

(Ziegler and Giambelluca, 1997). Urbanization will also severely impede infiltration opportunities. If 

surface runoff is not increased significantly, it could be assumed that groundwater generation increases 

after deforestation, due to reduction of interception losses and transpiration, making increased base flow 

possible. 

Research in temperate climates paints a picture of higher base flow under open vegetation (McGuiness 

and Harrod, 1971; Johnson, 1998). Also for warm temperate and tropical conditions, studies can be 

found that propagate a negative correlation between base flow and forest cover (e.g. Bosch, 1979, Abdul 

Rahim, 1987). Dyhr-Nielsen (1986) detected an increase in dry season flow in the Chao Praya basin in 

Thailand, after a partial forest removal over 36000km2, but stated that it could be related to the operation 
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of irrigation projects as well as to changes in land use. However, examples of greatly (50–75%) reduced 

dry season flow as a result of deforestation is also found in the literature (e.g. Mwendera, 1994; Shallow, 

1956; Daniel and Kulasingam, 1974). The different results from the studies can be attributed to the fact 

that the change in infiltration capacity after the clear felling in some cases is minor, compared to the 

change in interception and transpiration, whereas in other cases it has an overriding effect. Which 

process will have the main influence on the river flow after a land-use change depends on the method of 

conversion and other factors which can affect soil infiltration after alteration in land use (Bruijnzeel, 

1990). 

 

5.6  Links between forest cover and precipitation generation 

Climatic change has also been attributed to the demise in tropical forests. For simulations of rainforest 

removal in the Amazon basin (5000000km2) with replacement by degraded grassland presented in 

Henderson-Sellers et al. (1996) and performed between 1982 and 1995, had shown decreased 

precipitation. The decreases vary between 186 and 580 mm year-1 (where average precipitation is 

approximately 1900 mm). A more recent model (Lean et al., 1996) showed a smaller decrease (7%) in 

precipitation. Southeast Asia’s climate is monsoon-dominated, thus the effect of the rainforest’s role in 

the hydrological cycle should be smaller than in the Amazonas. The Henderson-Seller’s model from 

1996 showed a precipitation decrease of 8% after removal of forest cover, while a 21% decrease was 

found over the Amazonas by the same model. McGuffie et al. (1995) found only a 2% decrease from the 

GCM of Southeast Asia. Meher-Homji (1980) did not find an increase in rainfall totals, but a negative 

trend in the number of rainy days in an analysis of 100 years time-series from southern India. In Sri 

Lanka, rainfall was found to decline by 20% between 1878 and 1970. Madduma Bandara and 

Kuruppuarachchi (1988) state that the decrease is too large to be entirely attributed to land-use changes 

and is more likely to be caused by monsoonal air circulation patterns or global climatic changes. In such 

a long series, changes in measuring routines over time add a large margin of uncertainty to the data 

series. Calder (1998) concludes that though trees do increase the orographic effect slightly, the excess 

rainfall over forests will nearly always be more than compensated by higher evapotranspiration. The 

effect of any increased regional rainfall associated with trees on water yields should therefore be seen 

only on a very limited scale. In monsoonal climates, rain-making processes are of such a large scale that 

changes in land use can easily be overshadowed. 
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5.7  Classification of models in catchment management 

There are many hydrologic models available, varying in nature, complexity and purpose (Shoemaker et 

al. 1997).  Hydrological models provide the opportunity for well-structured basin-wide analyses of water 

availability and water demands, and offer a sound scientific framework for a coordinated management 

and planning, ensuring reasonable and equitable use of scarce and vulnerable water resources by 

stakeholders (Larsen et al., 2002). Larse et al (2001) also noted that when combined with the 

Geographical Information Systems (GIS), models also provide a convenient platform for handling, 

compiling and presenting large amounts of spatial data essential to river basin management. Rainfall – 

runoff models have been developed in order to simulate the transformation from rainfall to runoff. 

Hydrologic models are widely used in understanding and quantifying the impacts of land use changes on 

stream flows, and provide information that can be used in land use decision making. Modeling rainfall-

runoff relationship can be complicated and time consuming because of the numerous variables that are 

involved (Bhaduri et al. 2001).  Also, models that capture many of the factors controlling runoff 

typically require extensive input data and user expertise. The simulation of rainfall-runoff relationships 

has been a prime focus of hydrological research for several decades and has resulted in an abundance of 

models having been proposed (Kokkonen and Jakeman, 2001). According to Beck (1991), these models 

can crudely be classified as metric, conceptual, and physics-based, as elaborated below; 

 

Metric models are strongly observation-oriented seeking to characterize system response by extracting 

information from the existing data. They are constructed with little or no consideration of the features 

and processes of the hydrological system (Kokkonen and Jakeman, 2001). The development of unit 

hydrograph theory (Sherman, 1932) is the foundation of metric rainfall-runoff models. Unit hydrograph 

theory is based on the linearity assumption between rainfall excess and stream flow. One of the major 

strengths of methods relying on the unit hydrograph is their minimal data requirement (ibid). 

 

Physics-based models attempt to imitate the hydrological behaviour of a catchment by using the 

concepts of classical continuum mechanics. The governing partial differential equations are normally 

solved numerically by applying finite difference or finite element computational schemes. Although 

physics-based models provide a mathematically idealized representation of the real phenomenon, they 

require massive amounts of data, which are difficult to obtain and have high computational demands.  
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Conceptual models describe the whole component hydrological processes perceived to be of 

importance as simplified conceptualizations. This usually leads to a system of interconnected stores, 

which are recharged and depleted by appropriate component processes of the hydrological cycle 

(Kokkonen and Jakeman, 2001). A lot of alternative conceptual models have been developed that 

include the Stanford Watershed Model (Crawford and Linsley, 1966), the Tank model (Sugawara et al., 

1983), the Boughton (1984) model, Modydrolog (Chiew and McMahon, 1994), and Hydrologiska 

Byråns Vattenbalansavdelning (HBV) (Bergström, 1995). The more component processes that are 

included in the model the higher the risk of over parameterization.  
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6.0  HBV model structure 

The HBV model has a simple structure and it is normally run on daily values of rainfall and air 

temperature, and daily or monthly estimates of potential evaporation (Seibert, 2002) as input data. The 

model consists of subroutines for snow accumulation and melt, soil moisture accounting procedure, 

routines for runoff generation and a simple routing procedure. Figure 6 below shows a schematic 

structure of the HBV model. Bergström, (1995), defined this model as a deterministic, conceptual and 

dynamic model for estimates of daily runoff from river basins. Model inputs are related to the outputs 

through simple equations that describe the major processes in water transport and free model parameters 

are empirically estimated through calibration against observed flow data (Wilk et al, 2001). The general 

water balance is described as in Equation 1: 

 
  (1) 
 
 

Where; P = precipitation, E = evapotranspiration, Q = runoff, SP = snow pack, SM = soil moisture, UZ 

= upper groundwater zone, LZ =lower groundwater zone, Lakes = lake volume 

 
Figure 6 Schematic structure of the HBV model. (Source; (Wilk et al., 2001, p2737)) 
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Equations (2) and (3) represent the situation, when the soil moisture storage exceeds a storage threshold 

(LP), water is assumed to evaporate at the potential rate (Ep): 

 
 
Ea = (SM/FC) Ep   if SM < LP     (2)  
 
Ea = Ep    if SM > or = LP    (3) 
 
The parameter controls the runoff coefficient (∆Q/∆P), for instance, the amount of stream flow 

generation (Q) at the response reservoirs from each millimetre of rain (P) is represented by equation (4) : 

 
∆Q/∆P = (SM/FC)β         (4) 
 
The model has a response function, where the flood regime of the river basin is described by the outflow 

from the two upper, non-linear reservoirs, while the base flow is governed by outflow from the lower 

response box which is filled by percolation from the upper response box (Wilk et al., 2001). Runoff 

from the catchment is then calculated by the sum of the outflow from the two response boxes. The 

runoff is generated independently from each one of the sub-basins, and is then routed through a 

transformation function. The transformation function is a simple filter technique with a triangular 

distribution of the weights, where the parameter MAXBAS defines the base (in days) in the 

transformation function (ibid). The study area for this research is in a tropical climate. Therefore, input 

data demands in a tropical climate are daily rainfall from a sufficient number of stations in order to 

calculate spatial rainfall, monthly average values of potential evapotranspiration, and daily runoff data 

for calibration purposes (ibid).  
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7.0  METHODOLOGY 

 

7.1  Data collection 

The present meteorological stations network in Zambia consists of 36 stations, which is rather sparse, 

one station per 21000km2 (JAICA, 1995). Out of 57 districts in Zambia, 32 districts have one or two 

stations. This is the case even for Chalimbana catchment area, which has only two stations namely, City 

airport at the upstream and the International airport at the downstream (ibid). However, the density of 

rain gauges in Chalimbana catchment did meet the recommendation of WMO (1994), of one gauge per 

575km2.  

 

Historical records of daily rainfall and temperature totals for two stations were collected from the 

Meteorological Department in the Ministry of Transport and Communications in Zambia. The lengths of 

the rainfall and temperature series were for 22 years (1975 to 1996). The missing data of temperature for 

the period 1978 to 1985 was replaced with monthly average values of the other years with complete 

data. For instance, missing temperature values for October 1978 was replaced with the average values 

for October 1977. Any blank space could be interpreted as the end of the series by the model. For 

potential evaporation values, the model used a simplified variation of Thornthwaite’s equation by (if the 

parameter athorn > 0), Equation 5. 

Potential evaporation = athorn * T            (5) 

Where T is the actual air temperature.  

Records of daily river flows over a period of 22 years, from Romar farm station were collected from the 

Ministry of Energy and Water Development. Although secondary data may have its own demerits when 

accuracy and reliability is considered, it was the fastest and easiest method for this research because it 

could have taken much more time, than the stipulated duration of this research thesis, to set up logistics 

for primary data collection. Data and knowledge on land use change was acquired through Survey 

Departments of the Ministry of Agriculture and cooperatives and the Ministry of Lands as well as from 

the Forest Department in the Ministry of Environment and Natural Resources. On the ground, 

community leaders within the catchment provided valuable information on the actual experiences that 

they have witnessed taking place before and after deforestation in relation to the state of stream flows. 

For instance, a veteran local farmer who was also a chairman of CRCCC at the time of data collection, 

Mr. Chimambo (Chalimbana, 24, August, 2007), narrated how the stream used to flourish through out 
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the years while the catchment was in its pristine state up to about 1985 when the area experienced 

rampant deforestation. For the purpose of this research, 1985 was therefore, adopted as the year when 

deforestation began.  

 

7.2  Application of the HBV model 

Rainfall-runoff models are used in investigating various hydrological issues relevant to environmental 

and water managers. The HBV-96 hydrological model was used as a standard tool to asses the impact of 

land use change on Chalimbana River stream flow.  The model can also be used to extend runoff data 

time series, data quality control, water balance studies, runoff forecasting, computing design floods for 

dam safety, investigating the effects of changes within the catchment, simulating discharge from 

ungauged catchments and to simulate climate change effects (Seibert, 2002). The model is used for 

flood forecasting in the Nordic countries, and many other purposes, such as spillway design floods 

simulation (Bergström et al., 1992), water resources evaluation (Jutman, 1992) and nutrient load 

estimates (Arheimer, 1998). The HBV model is semi-distributed, meaning that it allows the catchment 

to be divided into sub basins, elevation and vegetation zones. In different model versions, HBV has been 

applied in more than 40 countries all over the world. It has been applied to countries with such different 

climatic conditions as for example Sweden, Zimbabwe, India and Colombia (Seibert, 2002). Zambia 

shares the boarder with Zimbabwe in the southern part of Zambia. Therefore, the HBV model was 

suitable for application in Zambia because of similarities in climatic conditions with Zimbabwe. 

 

7.3  Results  

The HBV model was applied to the Chalimbana River catchment and run with a daily time step. The 

river catchment was divided into three sub-catchments namely; Chalimbana upper (182km2), 

Chalimbana middle (219km2) and Chalimbana lower (119km2) (Figure 2). 

 

7.4  Model calibration 

To calibrate a model, values of the model parameters are selected so that the model simulates the 

hydrological behaviour of the catchment as closely as possible. The process of model calibration is 

normally done either manually or by using computer-based automatic procedures. In manual calibration, 

which was the option for this work, a trial and-error parameter adjustment was made in line with 

Bergström (1992). In this case, the goodness-of-fit of the calibrated model is basically based on a visual 
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judgement by comparing the simulated and the observed hydrographs. For an experienced hydrologist it 

is possible to obtain a very good and hydrologically sound model using manual calibration. However, 

since there is no generally accepted objective measure of comparison, and because of the subjective 

judgement involved, it is difficult to assess explicitly the confidence of the model simulations (Madsen, 

2000). In general, trade-offs exist between the different objectives. For instance, one may find a set of 

parameters that provide a very good simulation of peak flows but a poor simulation of low flows, and 

vice versa. Furthermore, manual calibration may be a very time consuming task for an inexperienced 

modeller (ibid). 

Visual inspection of simulated and observed hydrographs together with accumulated difference and 

coefficient of efficiency, Reff, were used for assessment of simulations by the HBV model. Equation 6 

shows how the coefficient of efficiency is calculated. 

 

   (6) 
 
Reff compares the prediction by the model with the simplest possible prediction, a constant value of the 

observed mean value over the entire period (Seibert, 2002). 

Reff = 1 Perfect fit, QSim(t) = QObs(t) t 

Reff = 0 Simulation as good (or poor) as the constant-value prediction 

Reff < 0 Very poor fit 

In an effort to study the impact of deforestation on Chalimbana stream flow, the model was first 

calibrated against recorded discharge during a period before deforestation (1975-01-01 to 1985-12-31) 

and then run with the same calibration parameters, for a period of years during deforestation (1987-01-

01 to 1996-12-31). A trend in the discrepancy between modelled and recorded discharge will then be 

used as evidence of a change in the hydrological response to precipitation (Wilk et al, 2001). The HBV 

model has earlier been used in this way, showing significant hydrological consequences of deforestation 

in three very small Swedish catchments (Brandt et al., 1988). 
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7.5  Calibration analysis 

 
 

Calibration against discharge Jan 1975 to Nov 1976 
A 

 
 

 
 

Calibration against discharge Nov 1976 to Sept 1978 
B 

 
 
 

Calibration against discharge Oct 1978 to Aug 1980 
C 
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Calibration against discharge Sept 1980 to July 1982 
D 

 
 
 

Calibration against discharge Aug 1982 to June 1984 
E 

 
 
 

Calibration against discharge March 1984 to Dec 1985 
F 

 
 
Figure 7 Recorded (Qrec) (green) and simulated (Qsim) (red) discharge from Chalimbana river basin for the calibration period 
(January 1975 to December 1985). (Inflow is in M3/s). 
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When the model was calibrated against recorded discharge during a period before deforestation (1975 to 

1985), satisfactory agreement between the recorded and simulated discharge was produced with the 

coefficient of efficiency, R2, of 0.52 and the volume error (accumulated difference) of 0.28m3/s. The 

model was then run with the same calibration parameters, for a period of years during deforestation 

(1987 to 1996) giving a very poor R2 of -34 and a very big accumulated difference of 320m3/s. Figure 

7A-F above show the recoded and simulated hydrographs that were obtained from the HBV model after 

calibration of 1975/1985 discharge records while Figure 8G-L below show the recoded and simulated 

hydrographs that were obtained when the HBV model was run for the period after deforestation (1987 to 

1996) using the same calibration parameters of 1975/1985 discharge data. The accumulated difference 

graphs for 1975/1985 calibration and 1987/1996 based on 1975/1985 calibration are shown in Figures 9 

and 10 respectively. 
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March 1995 to Dec 1996 
L 

 
Figure 8 Recorded (Qrec) (green) and simulated (Qsim) (red) discharge from Chalimbana river basin for the period (January 1987 to 
December 1996) using calibration parameters for 1975/1985 period. (Inflow is in M3/s). 
 

 

Accumulated difference Hydrographs for Calibration period 1975 to 1985 
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Figure 9 Accumulated difference from Chalimbana river basin for the calibrated period (January 1975 to December 1985) 
(Accdiff is in M 3/s). 
 

Accumulated difference Hydrographs for the period 1987 to 1996 based on calibration period 1975/1985 
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Figure 10 Accumulated difference from Chalimbana river basin for period (January 1987 to December 1996) using calibration 
parameters for 1975/1985 period. (Accdiff is in M3/s). 
 

7.6  Time series of rainfall 

Analysis of annual areal precipitation for the study period 1975 to 1996 revealed that the period with 

forest cover (1975 to 1985) recorded more amounts of annual average rainfall (1272mm) than the 

deforested period (1987 to 1996) that had 965mm (Figure 11). This signifies the reduction of rainfall 

amounts by about 24% in the period after the forest removal. For the two rain stations in the basin, it 

was discovered that more rainfall amounts were recorded at the upstream station (10207mm) as 

compared to the station located at the down stream (9646mm). This means that rainfall to the 

Chalimbana basin hydrologic system had experienced more precipitation in the higher elevation sections 

than in the lower sections of the basin.  
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Figure 11 Time series of rainfall showing the rainfall trend from 1975 to 1996 
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7.7 Time series of Qrec/Qsim and stream flow 

The magnitude of the difference between simulated and recorded flow was compared by calculating the 

recorded to simulated ratios. A ratio above one means that the model underestimates the river flow. A 

ratio below one means that the model overestimates the river flow. If the model consistently 

overestimates flow after the deforestation, this would indicate that deforestation has lowered the flow. If 

the model consistently underestimates flow after the deforestation, this would indicate that the 

deforestation has increased the flow. Hence, comparison of the ratios of recorded discharge (Qrec) and 

simulated discharge (Qsim) for the periods before and after deforestation was used to ascertain the 

impact of land use change on the stream flow of Chalimbana River. Figure 12 depicts the trend of 

Qrec/Qsim ratios for the period 1975 to 1996. The average ratio for the period before deforestation was 

0.95 and 0.84 was the average ratio for the period after deforestation which indicates a reduction of 

stream flow generation to the river by about 12%. From 1975 the water was reasonably close to 1 until 

around 1987 when Qrec/Qsim was low. The low Qrec/Qsim ratios prevailed with exception to 1993 and 

1996 when there were some sharp increments. Despite the high Qrec/Qsim ratios for the years 1993 and 

1996 in the period after deforestation (1987 to 1996), the general picture provided by the model was that 

the model overestimated stream flow generation by 12% in the period after deforestation as compared to 

the period before deforestation (1975 to 1985). 
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Figure 12 Time series of recorded discharge (Qrec) divided by simulated discharge (Qsim) for the period 1975 to 1996 
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Figure 13 below show the graphs of cumulative recorded discharge versus cumulative simulated 

discharge. It is clear that there was a satisfactory fit between the two graphs for the period before 

deforestation, while a discrepancy between the two graphs was noticed for the period after forest 

clearance. Such a difference between the two periods is a confirmation that there was an impact on the 

stream flow due to alteration in land use for the period 1975 to 1996.  

The difference between modelled and recorded discharge could partly be attributed to the absence of 

data on the abstractions of the river into about eight dams and two weirs by the commercial farmers. The 

quantities of abstracted water and volumes of dams and weirs are an important input data to the model 

for proper and improved simulation. SMHI (2006) observed that when water is abstracted directly from 

the river, a file (Abstr.par) has to be created, containing a table with year, month, day and amount of 

abstracted water in m3/s. From the sum of local runoff and inflow, a quantity of water may be abstracted. 

This quantity may depend on the season (different values for different parts of the year). This can, e.g., 

be used to take care of irrigation losses.  
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Figure 13 Time series of cumulative recorded discharge versus cumulative simulated discharge for the period 1975 to 1996 

 
 
7.8  Time series of Qrec/P ratios 

Figure 14 show annual ratios of dividing the areal rainfall (P) into recorded discharge (Qrec). The years 

1978 and 1979 before deforestation recorded some high values of 0.17 and 0.18 respectively. The years 

1993, 1994 and 1996, the period after forest removal recorded the highest values of 0.37, 0.17 and 0.21 

respectively. The average annual water balance (Qrec/P) for the period before deforestation (1975 to 
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1985) was 0.09, while that after forest removal (1987 to 1996) increased to 0.12, interpreting to an 

increase of approximately 33%. The Qrec/P ratio is, however, related to the amount of P, with higher 

Qrec/P as the wetness increases (Wilk et al., 2001). The 33% increase of the annual Qrec/P ratio for the 

period after about 30% deforestation indicates that there was an increase in the generation of the river 

flow after deforestation as compared to the period before deforestation. However, critical analysis of the 

water balance graph (below), the period after deforestation experienced low generation of the river flow 

until the last four years when a high proportion of the rainfall was generated into stream flow. 

 

Water balance

0.00
0.05
0.10
0.15
0.20
0.25
0.30
0.35
0.40

19
75

19
77

19
79

19
81

19
83

19
85

19
87

19
89

19
91

19
93

19
95

Years

Q
re

c/
P

Qrec/P

 
Figure 14 Time series of water balances, dividing areal precipitation (P) into recorded discharge (Qrec)   

 
 

CONSTRAINTS OF THE STUDY 

Abstraction and volumes of dams and weirs data proved to be difficult to get. Specific land use change 

in Chalimbana River catchment was also not accessed. The biggest set back came when the computer 

that was being used for modelling crushed just when most of the modelling works had already been 

done. Nevertheless, another computer was provided and the modelling process was recommenced all 

over again. As a result of time constraint, it was not possible to achieve a much better simulation as well 

as to validate the model using another set of discharge data. However, despite all these difficulties 

encountered, the model was fairly well calibrated and the research was successfully completed. 
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8.0  DISCUSSION 
 

Theoretically, watershed hydrological behaviour, such as stream flow discharges, is dependent on the 

types of watershed cover and the geomorphological and pedological set up. Therefore, information on 

existing land-use, its spatial distribution and its changes was one of the essential prerequisite for this 

study. Following the study of 1989 to 1998 conducted by SEI, this research assumed a 30% forest 

reduction for the deforestation period of 1987 to 1996. This was due to lack of actual deforestation 

figures for the study period considered to be under deforestation for this thesis. 

 

In the period after deforestation, the average annual rainfall amounts had decreased by 24% in 

Chalimbana river basin as compared to the period before deforestation. In Sri Lanka, Madduma Bandara 

and Kuruppuarachchi (1988) found that rainfall declined by 20% between 1878 and 1970 after 

deforestation. Also, the reduction in rainfall is consistent with the findings of Henderson-Seller’s model 

from 1996 that showed a precipitation decrease of 8% after removal of forest cover.  

 

According to Popov (1979), common practice simulation results are considered to be good for values of 

R2 ≥ 0.75, while for values of R2 between 0.75 and 0.36 the simulation results are considered to be 

satisfactory. A satisfactory coefficient of efficiency, R2 of 0.52 was obtained after calibrating the model 

with the Chalimbana River discharge data for the period, 01-01-1975 to 31-12-1985. Generally the 

hydrographs and simulation results were fair except for the months of January, February and March 

which recorded peaks that could not be simulated (Figure 7 A-F). These peaks could be attributed to that 

the model, with the selected set of parameters, was not able to simulate the impact of surface runoff and 

flooding during these same three months of each year that heavy rains are usually experienced in 

Zambia.  

The Qrec/Qsim ratios had revealed that the annual stream flow generation for the period after 

deforestation (1987 to 1996) for the Chalimbana River had decreased by about 12% as compared to the 

period with enough forest cover (1975 to 1985). To the contrary, Qian (1983) could not detect a change 

in stream flow after a 30% loss of tall forest on a 727km2 catchment in China.  

 
The ratio of annual Qrec/P had indicated that after a 30% forest loss in Chalimbana catchment, there was 

a 33% increase in the generation of the stream flow (Figure 14). Studies that relate small scale (<1km2) 

changes in land cover with changes in river discharge generally indicate that deforestation causes an 
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increase in the annual mean discharge, the few studies that evaluated the effects of changes in land cover 

in tropical large-scale river basins (>100 km2) usually could not find similar relationships (Bruijinzeel, 

1990).  
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9.0  RECOMMENDATIONS 

Using principles of integrated water resources management, catchment governance should involve 

management within natural boundaries to manage water more holistically, equitably, efficiently and 

sustainably. For a successful catchment management, the interconnected nature of forest, land, water 

and people who live in it should be emphasized as a starting point. The fundamental principle of 

catchment management is that what happens in one part of a catchment affects people and environments 

in other parts. Thus, there is need for collective governance of the catchment as multiple users, multiple 

stakeholder and multiple value systems in the process of sustainable development. Hence, water 

resource management policies, institutions and activities should be the result of a participatory process 

which changes in response to shifting social, economic and ecological needs. In Australia, for instance, 

the principle of Land care groups has been to serve as the core of rural local initiatives to manage land, 

water and vegetation in an integrated and participatory manner (Curtis and Lockwood, 2000).  

 
To be both holistic and participatory, catchment management requires good, horizontal (between sectors 

and interest groups) and vertical (between levels), flows of information. Policies need to be adequately 

flexible to adapt to place and environment but sufficiently clear to give the multiple users and 

stakeholders clear role definition in new institutional arrangements.  

 
Science-based management of catchments is crucial to sustainable outcomes and to living within the 

means of already stressed natural systems to support people, economy and nature. Therefore, advances 

in hydrological modeling and improved knowledge of the complex relationships between different 

ecosystem functions will strengthen the confidence with which IWRM approaches are promoted 

 
There is need by the government to form or strengthen the already existing catchment committees. This 

is important for proper catchment management because such committees are often acquainted with the 

actual catchmnet challenges and therefore know how to handle such challenges better. For example in 

Thailand, Water governance in northern Thailand has traditionally operated through village-based water 

user systems known as channel-weir systems. These systems addressed complex land, water and forest 

interactions long before modern water resources management promoted integrated approaches. The 

social basis for channel-weir system is an elected leadership and committee whose functions were both 

system maintenance and fair allocation among upstream and downstream users.  
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For a future research, it would be interesting to see the results of a similar study with all the information 

on water abstractions from the river, volumes of the dams and weirs and precise deforestation data for 

the considered period.   
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10.0  CONCLUSION 

 

The impact of deforestation on the stream flows of Chalimbana River catchment in Zambia was 

modelled using the HBV conceptual hydrological model. Precipitation for the period after deforestation 

was 24% less than that for the period before deforestation. Analysis of the time series of Qrec/Qsim 

(generation of stream flow) ratios indicated that the model had overestimated the stream flow by 12% in 

the period after deforestation. On the other hand the time series of Qrec/P (water balance) ratios 

indicated a 33% increase in water balance after deforestation. Hence, modeling revealed that the flow of 

Chalimbana River would have been lower than it currently is had the land use change not occurred. 

Thus, the decrease of the stream flow was mainly caused by the decrease in precipitation. Therefore, 

deforestation on Chalimbana catchment had a positive impact on the stream flow.  

Although the conclusion from this study was that the flow of Chalimbana River had decreased due to a 

trend of decreasing rainfall, there was also an indication that generation of the stream flow had increased 

after deforestation. Therefore, it can be stated here that there are so many contributing factors that can be 

attributed to the reduction of Chalimbana stream flow other than the anticipated deforestation by the 

community. Mr. Chimambo (2007) observed that, apart from reduced precipitation and consequently 

reduced recharging of water, heavy abstractions of water by commercial farmers at the upstream into 

their dams and weirs and sinking of bore holes in the catchment area without proper guide lines are 

some of the main reasons for the reduced stream flow of the Chalimbana River. Therefore, a follow up 

study that will take care of all the outlined factors perceived to contributing to reduced stream flow is 

recommended. Finally, it will be interesting for the Zambian government through the Water Board to 

make use of the findings and recommendations of this research work so as to employ and enhance the 

already existing sound sustainable and integrated catchment management. Over all, the protection of the 

catchment areas as well as the establishment of new forest cover in degraded areas is essential for 

conserving and regulating stream flows for sustainable economic productivity and welfare of down 

stream beneficiaries. 
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APPENDICES 
 
Appendix A 
Table showing suitable starting values for parameters and recommended interval (for Scandinavian 
conditions). The values typed in bold are those that should be calibrated, the others are not normally 
calibrated (SMHI, 2006). 
Parameter Starting 

value 
Approx 
interval 

Comments 

Pcorr 1.0  Factor for precipitation. Used when correcting 
non-homogenous series. 

Pcalt 0.1  Factor for precipitation changing with altitude 
Pcaltl 800  Highest level when pcalt is used. Locked to the 

highest forested level. 
Pcaltup 0.0  Factor for precipitation falling in areas above 

pcaltl. 
Pcaltgl 0.1  Factor for precipitation in areas with glaciers 

situated above pcaltl. 
Tcalt 0.6  Decrease of temperature with altitude taken per 

100 meter. 
Rfcf 1.0 0.9 – 1.3 Factor for precipitation as rain. Multiplied by 

pcorr. The quota rfcf/sfcf = max 1.5. 
Sfcf 1.0 0.8 – 1.4 Factor for precipitation as snow. Multiplied by 

pcorr. 
Fc Use a value 

for the 
region 

100 - 1500 Maximum soil moister storage [mm].  

Lp 1.0 <=1 Limit for potential evaporation.  
Beta 1.0 1 - 4 Exponent in the equation for discharge from the 

zone of soil water.  
Cflux 0.5 0 - 2 Capillary flow from the upper response box to the 

zone of soil water.  
Athorn 0.25 0.2 – 0.3 If >0 a simplified version of Thornthwaites 

equation is used. Unit [mm/day °C]. 
Stf 2  Describes seasonal variations in respect of athorn. 
K4 0.01 0.001 – 0.1 Recession coefficient for the lower response box. 
Perc 0.5 0.01 - 6 Percolation from the upper to the lower response 

box [mm/day]. 
Khq 0.09 0.005 – 0.2 Recession coefficient for the upper response box 

when the discharge is HQ. 
Hq Should be 

calculated 
 May be calculated as (MQ·MHQ)1/2

·86.4/(area in 
km2) or MHQ/2·86.4/(area in km2). Unit [mm]. 
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Not to be calibrated. 
Alfa 0.9 0.5 – 1.1 Used in the equation Q = k·UZ(alfa+1). 
Maxbaz 1 1 - 5 Number of days (doesn’t have to be an integer) in 

the transformation routine. 
Recstep 999  Number of steps/days is automatically checked.  

 
 
Appendix B 
Values Selected and used for calibration (1975 to 1985) and to run the model for the period (1987 to 
1996) 

  1975 to 1985   
R2 0.51346   Accdiff 0.28336 
alfa 0.1 50 0.02 0.1 
athorn 0.85 3 1.1 0.85 
beta 1.5 4 1.4 1.5 
cflux 0 2 0.0001 0 
ecorr 1 1 1 1 
fc 4000 400 7000 4000 
hq 0.8 3.1 12 0.8 
k4 0.003 0.0001 0.004 0.003 
khq 0.15 0.9 0.08 0.15 
lp 0.5 1 0.61 0.5 
maxbaz 1 2 0.04 1 
pcalt 0.1 1 0.01 0.1 
pcorr 1 1 1 1 
perc 0.4 0.21 0.4 0.4 
recstep 999 1 1 999 
rfcf 1 1 1 1 
stf 2 1 0.9 2 
tcalt 0.6 2.1 2.1 0.6 

     
  1987 to 1996   

R2 -34   Accdiff 320 
 
 
 
Appendix C   Calibration Results 1975 to 1985 

      

Date 
Cprec 

totmean 
Evap 

totmean 
qcinfl 

totmean 
qrinfl 

totmean Accdinfl totmean 
1975 1,190.10 1,098 68.5 71.9 -296.1 
1976 1,357.20 1,272 106 83.3 517.3 
1977 1,245.90 1,141.70 97.7 47.5 4,009 
1978 1,720.20 1,646.60 233.3 296.6 3,392.10 
1979 1,198.40 1,248.20 126.9 217 -2,849.30 
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1980 1,147.80 1,255.50 122.2 122.5 -7,035.20 
1981 1,459.10 1,396.40 123.2 188.3 -10,989.30 
1982 1,247.10 1,277.50 144.9 119.8 -10,583.30 
1983 1,463.60 1,316.70 134.9 53.6 -5,540.70 
1984 927 966.8 79.4 39.3 -1,479.20 
1985 1,041.30 961.1 82.2 78 -333.1 

 
 
 
 
 
 
 
 
 
Appendix D Results from the Model (1987 to 1996) based on 1975 to 1985 Calibration 
parameters 

      

DATE 
Cprec 

totmean 
Evap 

totmean 
qcinfl 

totmean 
qrinfl 

totmean Accdinfl totmean 
1986      
1987 908.2 1,160.80 250.9 43.8 157,733.90 
1988 762.3 899.9 160.1 30.1 169,684.80 
1989 1,624 1,458.70 297.2 85.9 186,185.90 
1990 1,256.20 1,186.40 181.2 74.8 194,495.90 
1991 1,044.70 1,084 158.6 48.5 203,222.10 
1992 870.5 792.8 116.3 58.4 211,344.10 
1993 686.3 851.3 117.1 251 205,161.80 
1994 820.8 729.7 90.6 142.7 198,504.10 
1995 619.9 687.9 89.9 70.8 198,932.20 
1996 1,057.90 985.8 109.2 224.4 193,905 
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Appendix E Annual Recorded Rainfall and Discharge for Chalimbana catchment 
    

  
International 

Airport City Airpot Romar Farm 

Year 
Annual Rainfall 

(mm) 
Annual Rainfall 

(mm) 
Annual Recorded 
discharge (M3/s) 

1975 921.6 1,195.30 71.9 
1976 1,099.40 1,363.20 83.3 
1977 840.9 1,251.40 47.5 
1978 1,382 1,727.70 296.6 
1979 988.3 1,203.70 217 
1980 926.3 1,152.80 122.5 
1981 773.6 1,465.50 188.3 
1982 735.5 1,252.60 119.8 
1983 1,008.50 1,470 53.6 
1984 842.7 931.1 39.3 
1985 793.2 1,066.40 78.3 
1986    
1987 708.8 912.2 43.8 
1988 643.8 765.6 30.1 
1989 1,263.20 1,631.10 85.9 
1990 967.9 1,261.70 74.8 
1991 749.3 1,049.30 48.5 
1992 739.5 874.3 58.4 
1993 574.2 689.3 251 
1994 768.9 824.4 142.7 
1995 536.2 622.6 70.8 
1996 785.7 1,062.80 224.8 

    
 
 
 
 
 
 
 
 
 
 
 
 



 51 

 
 
 
 
Appendix F Map of Zambia showing the project site 

 
Source: Draft proposal compiled by Save International following the site visit of the 17 December 2001 


