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PREFACE AND ACKNOWLEDGEMENTS 
 

The “Namibia TEEB Study: disclosing the value of protected areas, private conservation 

efforts and hunting” was commissioned by GIZ, in partnership with the Ministry of 

Environment and Tourism (MET), and forms part of the larger Biodiversity Resource 

Mobilisation (ResMob) Project.  This study was awarded to the Namibia Nature Foundation 

(NNF) as lead agent, working in partnership with Anchor Environmental Consultants 

(Anchor), as technical lead.   

 

The study aimed to determine the value of and address issues affecting the security of 

supply of ecosystem services in Namibia’s state-owned protected areas, communal 

conservation areas and freehold rangelands.  The study is compiled in five volumes. The first 

is a national assessment of Namibia’s ecosystem services, three volumes are on protected 

areas, communal and freehold lands, respectively, and the final volume addresses the cross-

cutting issue of trophy hunting.   

 

This accompanying (sixth) volume is an introductory training manual aimed at government 

officials who wish to engage with the work that has been carried out in this study and 

potentially be involved in its continuation.  This volume provides an introduction background 

to the work done, covering some of the concepts, rationale and methods used, and a brief 

overview of the application to the Namibian TEEB study (Volumes I to III).  We do not repeat 

the methodological details that are contained in the main study volumes, and the reader is 

referred to these where appropriate. 
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1 BACKGROUND 

1.1 Environmental degradation in Namibia  

Namibia’s economy and the livelihoods of its people depend heavily on the country’s natural 

resource base.  Most of the country is untransformed, and a large proportion is within 

protected areas.  These untransformed landscapes provide a range of ecosystem services 

that underpin the agricultural, fisheries and tourism sectors and that provide intangible 

benefits to Namibia’s citizens as well as the millions of people who visit and watch 

documentaries about its many and unique natural wonders.  

 

Sadly, however, this natural capital is increasingly under threat.  Environmental degradation 

and resulting biodiversity loss comes about as a direct result of climate change, hydrological 

alteration, overexploitation of natural resources, rangeland degradation and desertification, 

bush encroachment, and the transformation and fragmentation of natural areas (Figure 1.1).  

These proximate causes of biodiversity loss are themselves brought about by a combination 

of economic factors as well as the nature of biophysical environments and their resources.  

The nature of the issues and their potential solutions is often highly context-specific.  It is 

important to understand both the drivers of biodiversity loss and the implications of its loss, 

or what is at stake, in order to determine the appropriate set of interventions required to 

reverse harmful trends and to garner the political and financial support required. 

 

Figure 1.1. Diagram showing linkages among the proximate and ultimate causes of biodiversity 
loss. The complex set of interactions among the ultimate causes is simplified to an 
abstract level.1 

                                                           
1  Turpie JK (2018) Environmental and resource economics. In Strydom HA, King ND & Retief FP (Eds) Environmental 

management in South Africa. Third edition. JUTA Law, Cape Town.  
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1.1.1 Overexploitation of harvested resources 

Many renewable resources in Namibia have been subject to unsustainable levels of 

exploitation.  These include forest, wildlife and fishery resources.  The reasons for this are 

complex, and include conflicting social and economic policy objectives as well as weak 

property rights, lack of enforcement and poverty.  Where the growth rates of renewable 

resources are lower than the real (after inflation) rate of return in competing investments, 

then the rights holders would be better off harvesting as much of the resource as possible, 

as quickly as possible, and investing the proceeds elsewhere.  This puts slow-growing 

resources such as hardwoods and certain animal species at risk of extinction.  Where 

controls are weak or absent, then a situation of open access develops, which leads to a 

similar outcome irrespective of the rate of growth of the resource2.  Sound management of 

the commons is only likely under a situation where several conditions hold true,3 and which 

is relatively rare in modern day communities.  Open access conditions also arise where 

enforcement is lacking, and can exist for recreational pursuits, such as angling, as well as 

commercial and subsistence activities.  Resource overexploitation can also be exacerbated 

by scientific and political challenges in the allocation of quotas and use rights. There is still 

considerable measurement error and uncertainty in the estimation of resource stocks and 

sustainable yields. While scientists deal with this problem by erring on the side of caution, 

the uncertainty provides a weak point which can be taken advantage of by user lobbies.   

 

1.1.2 Overgrazing and bush encroachment in rangelands 

Rangelands are the areas that support farmed livestock and game. Deterioration of 

rangelands in arid landscapes largely occurs due to poor management practices, such as 

overstocking, inappropriate fire management and failure to allow sufficient rest periods for 

grazing areas.  This leads to the loss of perennial grass cover, and in some areas, to the 

encroachment of woody vegetation and related impacts on groundwater resources, which 

further exacerbates losses of grazing capacity and farm income.  With farming representing 

an important share of the Namibian economy, land degradation threatens the livelihoods of 

many people. Excessive fencing and overstocking of game for hunting and tourism purposes 

is also a major concern.   

 

Bush encroachment is a widespread problem in Namibia and involves the proliferation of 

indigenous woody species that naturally occur in savanna ecosystems, leading to increased 

woody biomass in savanna ecosystems and the encroachment of savannas into grassland 

ecosystems.4  There are a complex set of causal factors of which overgrazing and related 

suppression of fire are probably most important.  Bush encroachment leads to the loss of 

                                                           
2   Hardin G (1968). The Tragedy of the Commons. Science 162: 1243–-8. 
3  Ostrom E (2009). A general framework for analyzing sustainability of socio-ecological systems. Science 325(5939): 

419-22. 
4  Skowno AL, Thompson MW, Hiestermann J, Ripley B, West A & Bond WJ (2016) Woodland expansion in South 

African grassy biomes based on satellite observations (1990 – 2013): general patterns and potential drivers. 

Global Change Biology 13529: 1–12. 
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ecosystem services such as grazing and groundwater recharge, and can have a devastating 

effect for farmers.     

 

1.1.3 Quantity and quality of water resources 

Water is an extremely scarce resource in Namibia, a problem which is being exacerbated by 

climate change. Along the southern and northern borders of the country, surface water is 

available throughout the year from perennial rivers, whereas the rest of the country either 

relies on dams constructed on ephemeral rivers or on groundwater.  As well as the direct 

extraction of water for domestic, industrial and irrigation use, water is also used by 

productive activities that intercept stream flow, such as for hydropower generation (which 

changes flow patterns and volumes).  While these uses might make important contributions 

to economic production, this comes at the increasing expense of benefits obtained from 

instream flows and aquatic ecosystems5.  The scarcity of surface and groundwater resources 

in Namibia makes them more vulnerable to pollution and overutilization.  Inappropriate 

agricultural and mining land-use activities above or upstream of groundwater systems 

contribute to the deterioration and loss of groundwater resources across the country.6 

Pollution from organic waste disposal, especially humans and livestock, is also a widespread 

threat in the more densely populated northern areas of Namibia.  Bush encroachment also 

has a significant negative impact on groundwater resources as large volumes of water are 

intercepted by the encroaching woody vegetation, above- and below-ground, which is then 

lost to the atmosphere through evaporation and transpiration.7  The agricultural sector is a 

major user of water in Namibia and the overuse of groundwater resources has occurred in 

many areas. The overall use remains higher than the rate of recharge causing groundwater 

levels to drop which requires deeper boreholes to be sunk. Water shortages continue to 

threaten Namibia’s economy.   

 

1.1.4 Habitat transformation 

Habitat loss occurs most noticeably and completely through transformation to agriculture, 

urban and other land uses.  While some level of conversion is necessary for economic 

production, poor planning can result in the excessive loss of land that is valuable for the 

conservation of biodiversity or provision of ecosystem services.  Indeed, habitat 

transformation is a primary driver of biodiversity loss worldwide8.  The causes of excessive 

land transformation are complex, but include a lack of understanding of the value generated 

by untransformed natural systems. Thus the financial and economic appraisal of 

development options that lead to habitat loss are judged without due cognisance of the full 
                                                           
5   Dollar, E. S. J., Nicolson, C. R., Brown, C. A., Turpie, J. K., Joubert, A. R.  Turton, A. R., Grobler, D. F., Pienaar, H. H., 

Ewart-Smith J. and Manyaka, S. M. 2010. Development of the South African Water Resource Classification System 
(WRCS): a tool towards the sustainable, equitable and efficient use of water resources in a developing country. 
Water Policy 12: 479–499. 

6  Namibia Environmental and Climate Change Policy Brief (2008). 
7  Namibia Agricultural Union (NAU, 2010). The Effect of Bush Encroachment on Groundwater Resources in 

Namibia: a Desk Top Study. Windhoek. 
8  Vitousek PM, Mooney HA, Lubchenko J & Melillo JM (1997) Human domination of earth’s ecosystems. Science 

277: 494-499. 
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costs involved.  The central and western parts of Namibia are rich in Uranium and significant 

mining operations take place within the Namib-Naukluft National Park. There have been 

concerns over the environmental impact of uranium mining operations on biodiversity, 

especially in fragile desert ecosystems.  Soil disturbance from exploration activities and from 

vehicles and pipelines as well as the highly acidic tailings dams found at these Uranium 

mines results in degradation and loss of habitat.9    

                                                           
9  Warren LM (2008) Environmental Impacts of Uranium Mining. Winston Churchill Memorial Trust Fellowship 
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1.2 The ResMob Project 

The Biodiversity Resource Mobilisation (ResMob) Project of the Ministry of Environment and 

Tourism (MET), in partnership with GIZ - commissioned by the German Federal Ministry for 

the Environment, Nature Conservation, Building and Nuclear Safety (BMUB), is focused on 

making the case for investing in biodiversity conservation. Namibia took important steps to 

facilitate biodiversity financing through the development of its first and second National 

Biodiversity Strategy and Action Plans (NBSAPs). These NBSAPs detailed the overarching 

priorities of the country as they pertain to Namibia’s commitments to the Convention on 

Biological Diversity and the specific activities and programmes necessary to fulfil these. 

Although an important tool for biodiversity conservation and financing, the implementation 

of the NBSAPs has been limited due to funding constraints. The overarching goal of the 

ResMob Project is to improve Namibia’s capacity to mobilise resources for biodiversity 

conservation, specifically to enable it to implement the objectives outlined in NBSAP 2. To 

this end, the TEEB country study was undertaken to elucidate the values of biodiversity, 

ecosystems and their services, and to identify some of the ways in which the value of 

biodiversity can be improved and sustained and how this can be financed  

 

1.3 The Economics of Ecosystems & Biodiversity (TEEB) 

Namibia Country Study 

The Economics of Ecosystems and Biodiversity (TEEB) is an international initiative that 

provides a structured approach to valuation that demonstrates such values in order to 

support informed decision making in line with policy priorities. A TEEB country study first 

looks to identify the ecosystem services most relevant to the country in an initial phase 

before conducting an in depth study that will both value these services as well as make 

informed recommendations on how to maintain and enhance these ecosystem services.  

 

The aims of the TEEB study were to better understand the implications of ecosystem 

degradation in Namibia (what is at stake) and to put forward potential mechanisms by which 

critical investments can be made into key environmental goods and services. The study 

started by estimating and mapping the value of Namibia’s ecosystem services10.  Then, in 

order to inform effective policy strategies, the analysis focused separately on each land 

tenure type to provide some initial analysis on some of the unique challenges and 

opportunities faced by each of these in incentivising and financing conservation.  For state 

land, the study addressed the issue of optimal park pricing in order to improve the financing 

of the protected area system11.  The analysis of communal conservation areas explored the 

possibility of incentivising better conservation practices through payments for ecosystem 

                                                           
10  Forsythe, K., Letley, G. & Turpie, J. 2017. A national assessment of Namibia’s Ecosystem Services. Vol I in Turpie, J. 

(ed). The development of strategies to maintain and enhance the protection of ecosystem services in Namibia’s 
state, communal and freehold lands.  Report prepared by Anchor Environmental Consultants and Namibia Nature 
Foundation on behalf of the GiZ.  87pp 

11  Letley, G. & Turpie, J. 2017. Improving state protected area financing through pricing and institutional changes. 
Vol II as per above.  74pp. 
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services, focusing on the institutional arrangements, how much would have to be paid to the 

communities, and what the international community is willing to pay12.    For freehold land, 

the drivers of degradation were analysed and recommendations made to secure ecosystem 

services and wildlife13.  Finally, an analysis of the value of trophy hunting across all the land 

tenure types was undertaken in order to explore policy options relating to its role in 

sustaining ecosystem services in Namibia14. 

 

  

                                                           
12  Turpie, J., Brick, K., Letley, G. & Maclaren, C. 2017. Towards a system for Payments-for-Ecosystem Services in 

Namibia’s Communal Conservancies.  Vol III as per above.  121pp 
13  Turpie, J., Letley, G., Ijambo, B., Venter, R. & Lindeque, P. 2018. Incentives for sustainable practices and 

conservation in Namibia’s freehold rangelands.  Vol IV as per above.   
14  Ijambo, B. & Middleton, A. 2018. The value of trophy hunting in Namibia. Vol V as per above. 
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2 INTRODUCTION TO ENVIRONMENTAL ECONOMICS 

2.1 Development and role of environmental economics 

2.1.1 Environmental concerns in economics 

Welfare economics uses microeconomic methods to estimate changes in wellbeing (welfare) 

at aggregate (economy-wide) level.  Welfare economics is concerned with the concepts of 

economic value, efficiency, optimality and market failure.  It gives rise to public economics 

which is about the interaction of the government and the economy with a particular focus 

on how the choices of government can improve or hinder economic efficiency. It also 

investigates the extent to which it is possible for the government to influence the 

distribution of income and wealth.  Welfare economics also provides the theoretical 

foundations for cost-benefit analysis which essentially is the social appraisal of investment 

projects or policy decisions.  Welfare economics is also integral to environmental economics 

(Box 2.1). 

 

Box 2.1. Environmental, resource and ecological economics 

Environmental economics: deals with the relationship between the economy and the 

environment and therefore acknowledges the dependence of economic growth on the 

environmental and natural resources.  Focus is on the quality of the environment (brown issues) 

and the quantity and quality of nature (green issues), i.e. studying the economics of both the use 

of natural resources and the damages that their use causes to the environment.  Typically based 

on a neoclassical view.  

 

Resource economics: is the understanding and application of economic principles to resource 

management (both renewable and non-renewable), i.e. it is more concerned with the sustainable 

management of natural resources to ensure their availability for current and future generations. 

This treatment may or may not be neoclassical. In a sense, resource economics is a sub-field of 

environmental economics as long as the treatment is neoclassical.  

 

However, resource economics can also be studied 

from an ecological economics perspective with the 

understanding that the economy operates within 

ecological constraints imposed by natural resources 

(i.e. economic system is part of a larger ecological 

system).  Ecological economics emphasises the 

economy as a subsystem of the ecosystem with a 

focus on preserving natural capital. Ecological 

economists reject the proposition that natural 

capital can be substituted by human-made 

capital.15 

 

                                                           
15  Illge L, Schwarze R (2009) A matter of opinion: how ecological and neoclassical environmental economists think 

about sustainability and economics. Ecological Economics 68:594-604. 
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2.1.2 Why environmental sustainability is elusive 

Market and government failure 

Three main concepts are central to environmental resource economics (ERE) thinking: 

efficiency, optimality and sustainability16.  Efficiency is about extracting maximum value from 

available factors of production.  This value is defined as the sum of economic surpluses 

accruing to economic agents, namely producers’ surplus (economic profit) and consumers’ 

surplus (the difference between what people were willing to pay and actually had to pay to 

acquire goods and services or some state of the world).  The inefficient use of productive 

inputs means that opportunities are being wasted.  Efficiency could be seen in a technical 

sense, such as energy efficiency, or in an allocative sense, such as the choice of fuel mix to 

use in energy production, the allocation of land between agriculture and conservation, the 

allocation of water among competing users, or the allocation of fishing rights between 

artisanal and industrial fishers.   

 

Efficiency is a necessary condition for optimality, but optimality is defined in terms of the 

stated objectives of a defined group of people. Choices are only optimal if they maximise 

those objectives (subject to relevant constraints)17.  Optimal allocations are not necessarily 

sustainable: this requires the explicit inclusion of the societal objective of intergenerational 

equity.  Thus determining optimal allocations is based on our relative priorities among 

competing objectives such as income, distributional equity and intergenerational equity. 

The failure of society to achieve optimal, sustainable outcomes is largely linked to problems 

of achieving economic efficiency.  Three main types of failure undermine this goal: market 

failure - the failure to account for all the benefits and costs associated with supplying natural 

or man-made commodities (particularly the costs of environmental damage), government 

(policy) failure - the failure to create the right incentives to overcome market failure and 

achieve optimal outcomes for society and institutional failure – insecure property rights.  

Markets will only function efficiently when private property rights are fully assigned so that 

all goods and services are privately owned and have markets, when these markets are all 

perfectly competitive, with all the transactors having perfect information, and when there 

are no externalities18.  This ideal is far from reality.  Institutional, market and policy failure 

are interdependent.  For example, property rights to resources may be insecure (institutional 

failure) because government has failed to provide the legal environment that supports them 

(policy failure) or because of public good characteristics associated with the resource 

(market failure).  

 

One of the reasons for market failure is that there are no markets for many environmental 

services.  Markets only really work well for goods that have private good characteristics, in 

that they both excludable (one person’s consumption can prevent another from consuming) 

and rivalrous (one person’s consumption is at the expense of another’s).  In contrast, many 

environmental services have public good characteristics, which means that one or both of 

                                                           
16  Perman R, Ma Y, Common M, Maddison D & Mcgilvray J (2012) Natural resource and environmental economics 

(4th edition). Pearson Education Limited. 
17  Perman et al. op cit. 
18  Perman et al. op cit. 
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these conditions is absent. For example, communal wildlife resources are non-excludable in 

that other hunters can’t be prevented from accessing them, and wilderness areas are non-

rivalrous, in that congestion can occur. The air we breathe is a pure public good in that it is 

both non-excludable and non-rivalrous. In some cases, the problem can be alleviated 

through assigning property rights, such as land ownership or rights to harvesting resources. 

 

In addition, the majority of market activities produce externalities.  These are benefits or 

costs that go uncompensated.  For example, factories may save costs by pouring their 

effluents into rivers, incurring costs for downstream users.  If these damages are not 

compensated then this is a negative externality which results in a distortion of market prices.  

This distortion results in excessive production of polluting products relative to what is 

optimal for society.  Climate change is a prime example of an international-scale externality 

of economic production. Environmental goods and services for which markets do not exist or 

which are under-priced, such as protection of nature, results in the undersupply of these 

goods and services.  Again, the lack of well-defined property rights (or human rights) is an 

important institutional issue contributing to the problem of externalities. 

 

Distorted market signals are also compounded by the fact that human choices are not driven 

only by the rational evaluation of utility outcomes, as simplified in neoclassical economics, 

but are swayed by social, cultural and psychological effects19.  There is a considerable body 

of literature trying to get to grips with these issues, using alternatives to the rational choice 

approach such as learning models and bounded rationality20 models.  Achieving optimal 

outcomes is therefore somewhat more complicated than getting around market distortions.  

Indeed, given that there are multiple sources of failure, it is often necessary to settle for a 

‘second-best’ policy in which the problems are remedied as best as practically possible.  

 

Poverty, inequality and overconsumption 

Many environmental problems are linked to inequalities of wealth, with poverty being a 

major cause of resource overexploitation, and wealth leading to wasteful consumption.  In a 

day-to-day survival situation, resources tend to be exploited with little regard for future 

consequences, even if these are well understood, and regardless of the property rights 

involved.21 These problems can be far-reaching and self-reinforcing.  For example 

environmental degradation can exacerbate poverty and break down the property rights 

systems that might have once governed the use of natural resources.  Poverty is also linked 

to high rates of fertility, which leads to a vicious circle of further poverty and environmental 

degradation.22  Of increasing concern is the disproportionate rate of growth in consumption 

in relation to growing incomes, especially where there are significant inequalities of wealth.  

This has been attributed to positional behaviour in which individual choices are influenced 

                                                           
19   Kahneman D (1994) New challenges to the rationality assumption. Journal of policy faitutional and Theoretical 

Economics  150: 18-36  
20   When individuals make decisions, their rationality is limited by the tractability of the decision problem, the 

cognitive limitations of their minds, and the time available to make the decision - Wikipedia 
21   Dasgupta P (1995) Population, poverty and the local environment. Scientific American 40–5. 
22   Dasgupta, op cit. 
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by those of the next social tier in order to improve social status.23 This not only leads to 

wasteful overconsumption across all socio-economic strata, but has also had far-reaching 

effects such as having to work longer hours in order to achieve this.    

 

Distorted economic indicators 

The way in which countries track and evaluate their performance further entrenches the 

problems outlined above.  The System of National Accounts (SNA), developed in the 1950s, 

creates a macro-economic database which is used to inform policy and decision-making. 24 

Economic output is expressed in measures such as Gross Domestic Product (GDP), which is 

the total value of goods and services produced by the factors of production (land, labour, 

capital) located in a country, over a year. Measures such as GDP per capita are used as a 

means of assessing changes in societal wellbeing.  However, these measures do not take 

many social and environmental externalities into account, including the depletion and 

degradation of resource stocks and environment.  Indeed, much of our GDP growth over the 

past decades has come at the expense of the environment. The role of environment in a 

nation’s economy is not at all apparent in conventional national accounting statistics. 

Therefore the GDP statistics that are almost universally followed give distorted signals to 

policy makers. There are a number of alternative indices that have been developed to 

produce a better picture of changes in human wellbeing over time, such as the Genuine 

Progress Indicator (GPI), Index of Sustainable Economic Welfare (ISEW) and the Happy 

Planet Index (HPI).25  These have shown that for many countries, while GDP per capita has 

continued to rise, wellbeing has stopped improving and has in fact decreased in many 

instances. It is very important that Namibia moves beyond the reliance on GDP as an 

indicator of wellbeing as this promotes the notion of growth as an end in itself.  

Development should rather be viewed as a process towards an improved state of existence 

for humanity and ecosystems.26   

 

2.1.3 The role of economics in conservation 

Economics can strengthen the argument for conservation by articulating the value of 

biodiversity.  This helps with finding the optimum allocation of resources in terms of societal 

wellbeing by understanding the trade-offs between the different alternatives.  Economics 

also helps to understand the reasons for suboptimal behaviour and biodiversity loss and 

provides instruments with which to devise achievable conservation strategies to achieve 

goals in the face of socioeconomic realities.   

 

Determining the optimal level of environmental protection requires an understanding of the 

costs and benefits involved.  While Namibia is committed to certain minimum levels of 

                                                           
23  Frank R (2011) The Darwin Economy: Liberty, Competition, and the Common Good. Princeton University Press, 

Princeton. 
24   World Wildlife Fund (1995) Real Value for Nature: An Overview of Global Efforts to Achieve True Measures of 

Economic Progress. 
25   Niccolucci V, Pulselli FM & Tiezzi E (2007) Strengthening the threshold hypothesis: economic and biophysical 

limits to growth. Ecological Economics 60: 667—72. 
26   Fioramonti L (2016) Wellbeing economy: a paradigm for the 21st Century. Solutions 6:1-3. 
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environmental protection, any protection beyond this is optional and will only occur if it is 

deemed economically worthwhile.  Thus if development and policy decisions impact on 

environmental value (as most will), it is essential that these decisions are informed by a 

knowledge of the value of these impacts.  Understanding economic trade-offs is an 

important part of conservation and development planning, whether in terms of land use, 

water use or other resource use decisions.27 

 

Ecosystem valuation is used in numerous applications. Cost-benefit analysis demonstrates 

trade-offs and developmental benefits of natural capital to policy makers, making the case 

for investing in biodiversity and ecosystems; natural resource and ecosystem accounting 

approaches provide useful indicators with which to assess whether GDP growth is 

sustainable or not; the valuation and mapping of ecosystem services provides a spatial 

assessment which helps to prioritise areas for intervention and/or support; and integrated 

ecological-economics modelling simulates feedback between ecological and socio-economic 

systems that is useful for assessing the impacts of various management or development 

scenarios.  Three case study examples using such approaches are presented in Box 2.2.  

 

Box 2.2. Case study examples of the use of valuation approaches that strengthen the argument for 
conservation by articulating the value of biodiversity. 

Economic value and financing of Namibia’s protected areas28 

In 2004 a study was commissioned to investigate the economic value of non-consumptive tourism 

and other activities attributable to the presence of Namibia’s parks system.    

 

The study found that aggregate expenditures made by tourists who visit the national parks resulted 

in an estimated annual direct contribution to GDP of between N$546 million and N$1.1 billion which 

was equivalent at the time to 1.7% and 3.4% of GDP, respectively. The total annual contribution 

from these expenditures, which includes the effects in the wider economy caused by backward 

linkages, was estimated to range between N$1 billion and N$2 billion (3.1% and 6.3% of GDP).  The 

results showed that some 20% of this income accrued to low-income segments of the population 

through wages, return to enterprises and through rentals and royalties. In addition, 17% of the total 

was found to accrue as revenue to Government from taxes and fees.  This was found to be very 

significant compared with the annual development and operational costs of managing the protected 

area system – which was estimated to be in the region of N$40 million. 

 

Furthermore, the study found that by increasing investment in the parks system to achieve their full 

development would require recurrent expenditures on improved management amounting to some 

N$127 million per annum.  In addition, capital expenditure amounting to some N$155 million would 

be required. Cost-benefit analysis showed that the increased investment – given the value of 

Namibia’s protected areas, assumptions on future growth in tourism to Namibia and discount rates 

– would not only be economically efficient but also socially justifiable and worthwhile. The rate of 

return to this investment was estimated to lie in the area of 23%. 

 

                                                           
27   Faith DP & Walker PA (2002) The role of trade-offs in biodiversity conservation planning linking local 

management, regional Planning and global conservation efforts. Journal of Bioscience 27: 393-407. 
28  Turpie J, Lange G-M, Martin R, Davies R & Barnes J (2004) Economic value and financing of Namibia’s protected 

areas. Ministry of Environment and Tourism, Windhoek, Namibia. 108pp. 
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Developing a business case for the creation of the Upper Tana-Nairobi Water Fund29 

The water that the upper Tana River basin in Kenya provides is critically important to the Kenyan 

economy. It fuels an important agricultural area, provides half of the country’s hydropower output 

and supplies 95% of Nairobi’s water.  However, the health of the catchment is under threat with 

forests and wetlands being converted to agriculture causing increased sedimentation that has led to 

a reduction in the capacity of reservoirs and increases in water treatment costs.  

 

A study was commissioned to assess the economic viability of implementing a Water Fund.  The 

water fund concept is founded on the principle that it is cheaper to prevent problems at the source 

than it is to address them later. A water fund is a financial mechanism to fund land-conservation 

measures in upstream catchments.  

 

The study evaluated the impact of natural interventions such as vegetation buffers along riverbanks, 

reforestation, grass buffer strips and terracing of steep farmlands to reduce suspended sediment 

loads and to increase dry season flows in waterways.  The economic impact of the interventions was 

modelled for three key stakeholder groups – upstream farmers, the major water and sewerage 

service provider in Nairobi and the leading electric power generation company in Kenya (KenGen).   

 

The results from the study demonstrated a viable return on investment. The biophysical impacts 

that drive these returns included a more than 50% reduction in sediment concentration in rivers, 

significant increases in annual water yields and agricultural yields, significant water cost savings from 

improved water quality entering the water treatment works and a significant increase in annual 

revenue for KenGen as a result of increased power generation and avoided shutdowns.  Overall, a 

US$10 million investment in Water Fund interventions was expected to return US$21.5 million in 

economic benefits over a 30-year timeframe.  In other words, for every US$1 invested by the Water 

Fund, stakeholders in the catchment would see over US$2 worth of benefits accrued.  Obviously an 

increase in investment above the US$10 million would yield even greater benefits. The Upper Tana-

Nairobi Water Fund is the first of its kind in Africa.  

 

Leveraging public budgets for protected areas in Montenegro30 

                                                           
29  TNC 2015. Upper Tana-Nairobi Water Fund Business Case. Version 2. The Nature Conservancy: Nairobi, Kenya. 

How a water fund works 
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The intention of this economic valuation was to provide data that could be used to convince public 

decision-makers of the economic rationale for investing in protected areas. At the time there was 

little or no practical or policy-relevant information of the economic value of protected areas and 

protected areas were given a low budgetary and economic policy priority.  

 

The ecosystem services provided by the protected areas were valued and a cost-benefit analysis was 

undertaken in conjunction with a scenario analysis approach in order to assess the impact of 

increased investment in protected areas compared to a business-as-usual approach.   

 

The results showed that protected area ecosystem services contributed 2.2% of Montenegro’s GDP, 

or economic benefits of €106 per capita.  Effective conservation through increased investment 

would create steady, and increasing, value added to the national economy worth more than €1.5 

billion over next 25 years.  Every €1 spent on protected areas public benefits would generate ear.  

 

 

 

For further examples see -  31 32 33 

 

  

                                                                                                                                                                                     
30  Emerton L, Kaludjerovic J & Jovetic I (2011) The Economic Value of Protected Areas in Montenegro.  GEF/UNDP 

PIMS 4279: Catalyzing Financial Sustainability of Protected Areas in Montenegro, Podgorica. 
31  Emerton L, Ha Tran Thi Thu, Hoang Thach Mai, Viet Anh Hoang & Ebert E (2014) The economic value of Cat Tien 

National Park. GIZ/MARD project Conservation of Biodiversity in Forest Ecosystems in Vietnam, Hanoi.  
32  Tallis H & Markham A (2012) Water Funds Business Case: Conservation as a Source of Competitive Advantage. 
33  Pagiola S, von Ritter K & Bishop J (2004) How Much is an Ecosystem Worth? Assessing the Economic Value of 

Conservation. World Bank, Washington, D.C. 

Figure 2.1.  Annual value added from investing in natural capital compared to business-as-usual 
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2.2 Ecosystem services and their values 

2.2.1 Demand for valuation 

Until recently ecosystems and the benefits that they provide were treated as “free” goods, 

not recognised for their true value.  When goods do not have a value attached to them, then 

damage costs go unrecognised and generally decisions surrounding their use or consumption 

tend to favour damaging activities leading to environmental degradation and loss of 

biodiversity.  If economic valuation is an extension of economic analysis then this should 

include all costs and benefits that accrue to society.   

 

As such there has, over recent years, been an increasing demand for environmental 

economic valuation.  This is evident in the Convention on Biological Diversity (CBD) where 

countries subscribe to the Aichi Biodiversity Targets which are used to inform better 

conservation strategy for understanding the welfare impacts of loss of ecosystems and 

biodiversity.   More recently, the System of Environmental-Economic Accounting (SEEA) has 

been developed to elucidate dependency of economic outputs on the extent and condition 

of ecosystems.  National accounts track the economic performance of a country using the 

international System of National Accounts (SNA).  However, these fail to account for 

environmental degradation and resource depletion, or the role of ecosystems and 

ecosystem condition in delivering benefits to society.  This is particularly important in 

developing countries which depend heavily on natural resources.  Although resource 

accounts have been compiled in many countries including Namibia, e.g. for forestry, these 

merely record the market value of certain resources as positive contributions to Gross 

Domestic Product (GDP), and do not capture the full value of the ecosystems from which 

they are derived. 

 

In 2012, the System of Environmental-Economic Accounting (SEEA) Central Framework was 

adopted by the United Nations Statistical Commission as the first international statistical 

standard for environmental-economic accounting34.  The SEEA Central Framework, which 

builds on previous versions of the SEEA, is a conceptual framework that focuses on 

understanding the interactions between the economy and environment and for describing 

stocks and changes in stocks of environmental assets.   The SEEA Experimental Ecosystem 

Accounting (EEA) report complements, and builds on, the accounting for environmental 

assets as described in the SEEA Central Framework.  However, the SEEA EEA accounting 

approach recognises that individual resources (e.g. timber, soil and water) function in 

combination within a broader system, linking ecosystems to economic and other human 

activities with the intention of integrating environmental sustainability, human wellbeing 

and economic growth and development into one accounting framework35.   

                                                           
34  United Nations, European Commission, Food and Agricultural Organization of the United Nations, International 

Monetary Fund, Organisation for Economic Co-operation and Development, The World Bank. 2014a. System of 

Environmental-Economic Accounting 2012 – Central Framework. United Nations, New York. 
35  United Nations, European Commission, Food and Agricultural Organization of the United Nations, Organisation 

for Economic Co-operation and Development, The World Bank. 2014b. System of Environmental-Economic 

Accounting 2012 – Experimental Ecosystem Accounting. United Nations, New York. 
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2.2.2 Natural capital and ecosystem services 

Neoclassical economics has traditionally viewed the economy as a closed system called the 

“circular economy”, in which the factors of production (land, labour and capital) are used to 

produce goods and services demanded by society.   

 

However, this is challenged by ecological economists, who view the economy as an open 

system within the biosphere, with the ecosystems providing inputs into production and 

absorbing some of the outputs of production (waste products).  Because the environment 

produces “goods and services” such as raw materials and waste absorption, it should be 

considered as a form of capital – “natural capital”.  While the economy grows, the biosphere 

remains constant in its capacity to provide these services, and will ultimately limit economic 

expansion.  Debates about this issue continue (limits to growth vs technological innovation).   

Articulating the dependencies and impacts of the two-way linkages between natural capital 

and economic activity is a big focus of ecosystem valuation.  

 

Some authors recognise five types of capital that contribute to human wellbeing.36  Natural 

capital relates to any stock or flow that 

produces ecosystem goods and services, 

including renewable and non-renewable 

resources, sinks that absorb or neutralise 

wastes and processes such as climate 

regulation. Natural capital forms the base for 

all production.  Human capital relates to the 

productive capacities of an individual, such 

as people’s health, knowledge and skills. 

Human capital is enhanced through 

education and training and is critical for a 

thriving economy. Social capital refers to the 

institutions that help to maintain and 

develop human capital through partnerships. 

                                                           
36  Forum for the Future. The Five Capitals Model – a framework for sustainability. www.forumforthefuture.org 
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This consists of communities, businesses, trade unions, schools and voluntary organisations 

and the mutual understanding, shared values and socially held knowledge that flows 

between them.37  Manufactured capital is the material goods and assets which contribute to 

the production process, such as tools, machines and buildings. Lastly, financial capital 

facilitates economic production as it enables the other types of capital to be owned and 

traded. Financial capital includes shares, bonds and bank notes. The maintenance of all five 

types of capital is essential for the sustainability of economic development.38 

 

How does biodiversity fit in?  Biodiversity can be described in terms of structure and 

organisation, and it is this structure and organisation that determines the functioning, 

resilience and productivity of ecosystems (Figure 2.2, Box 2.3).   

 

Figure 2.2. The components of biodiversity and categories of ecosystem services as described by 
Barbier (1994) and the MEA (2003) 

                                                           
37  Goodwin NR (2003). Five kinds of capital: useful concepts for sustainable development. Global development and 

environment institute working paper no. 03-07. 
38  Goodwin NR (no 32 above).  
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Each of these elements contributes to the supply of ‘goods’, ‘services’ and ‘attributes’39 that 

contribute to human wellbeing.  The productivity of a system give rise to tangible ‘goods’ 

such as timber and fish.  The functioning of a system provides ‘services’ to mankind such as 

water purification and carbon sequestration.  In addition, the actual structure and 

organisation of a system can be thought of as its ‘attributes’ such as beauty, rarity and 

diversity (Figure 2.2).  These attributes generate the less tangible values such as spiritual, 

educational, cultural and recreational value.  The goods, services and attributes of 

ecosystems are collectively called ecosystem services, and have been classified in a number 

of ways.  In 2003, the Millennium Ecosystem Assessment framework document40 

categorised the services obtained from ecosystems into ‘provisioning services’ such as food 

and water, ‘regulating services’ such as flood and disease control, ‘cultural services’ such as 

spiritual, recreational, and cultural benefits, and ‘supporting services’, such as nutrient 

cycling, which maintain conditions for life on Earth (Figure 2.2).   

 

While widely adopted, this framework also generated much criticism, including concerns 

that the system would lead to double-counting in valuation studies because of the inclusion 

of ‘supporting services’.  The way around this was to only consider final goods and services, 

but even this approach is not without problems.  As a result a number of alternative 

classifications have been proposed over the last decade.  The more commonly used 

frameworks include the following: 

 

 The Economics of Ecosystems and Biodiversity (TEEB) classification (2010) which 

refined the distinction between services and benefits, and replaced “supporting 

services” with “habitat services” (maintenance of life cycles and genetic diversity)41; 

 The Final Ecosystem Goods and Services Classification System (FEGS-CS) and the 

National Ecosystem Services Classification System (NESCS) were proposed by the 

US Environmental Protection Agency42.  These focus on benefits and beneficiaries in 

order to avoid possible double counting in valuation.  Processes such as 

photosynthesis and carbon sequestration are considered intermediate ecosystem 

services and are excluded as they “are not directly used by humans”.43 

 The Common International Classification of Ecosystem Services (CICES)44 also 

focuses on “final” ecosystem services.  CICES merges the “habitat services” as 

described by TEEB with regulating services into a single category called “regulating 

                                                           
39  Barbier E (1994) Valuing environmental functions: tropical wetlands. Land Econ. 70, 155–173. 
40  Millennium Ecosystem Assessment (MEA, 2003). Ecosystems and Human Well-being: A Framework for 

Assessment. Island Press, London. 
41  La Notte et al. (2017). Ecosystem services classification: A systems ecology perspective of the cascade framework.  

Ecological Indicators 74: 392–402. 
42  Landers, D.H. & Nahlik, A.M. 2013. Final ecosystem goods and services classification system (FEGS-CS), EPA 

United; Environmental Protection Agency (US EPA) 2015. National ecosystem services classification system 
(NESCS): Framework Design and Policy Application. United States Environmental Protection Agency. Report EPA-
800-R-15-002. 

43  La Notte et al. (As 36 above) 
44  Haines-Young R & Potschin M (2013). Common International Classification of Ecosystem Services (CICES): 

Consultation on Version 4, August-December 2012. EEA Framework Contract No EEA/IEA/09/003; Haines-Young R 
& Potschin M (2017) Common International Classification of Ecosystem Services (CICES) V5.1. Guidance on the 
Application of the Revised Structure. 
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and maintenance services”.  CICES broadens the concept of ecosystem services to 

include crop and livestock production and their co-benefits such as draught power, 

as well as abiotic energy.  CICES places greater emphasis on the ecological system 

than FEGS-CS, which focuses on the socio-economic system.  

 

Box 2.3. Characteristics of ecosystem services 

Ecosystem services are typically not like other goods and services. They have special 

characteristics and behave differently, which has implications for how they are valued.   

 

Spatial (“here and there”) and temporal (“now and then”) characteristics  

Ecosystem services are heterogeneous in that spatial variation determines the location and 

productivity of services. Ecosystem values change across space and there is often disconnect 

between where adaptation services are generated or produced (e.g. in the upper catchment) and 

where the benefits are experienced (e.g. downstream areas).  Ecosystem services generally 

experience a change from a point of production to a point of use in three ways: (1) biophysical 

processes change across a landscape, (2) benefits and beneficiaries change across a landscape and 

(3) costs of provision change across a landscape.  This makes assessing and measuring ecosystem 

benefits, costs and impacts complicated.   

 

Ecosystem values also change across time. This change is not just due to changes in ecological 

processes or conditions but also because of social factors such as changes in people’s preferences 

and needs. People prefer to receive benefits now and put off costs into the future. When 

measuring ecosystem benefits we need to take account of temporal differences. For economic 

appraisal discounting is one way of doing this – bringing past and future values back to a single 

value expressed in today’s terms.  

 

Connectivity 

Ecosystems and biodiversity are by definition composed of many interacting elements and 

ecosystem services depend on each other, and on all of these elements. Changes in the ecosystem 

can have different impacts on difference services and changes or impacts on one component may 

also have an impact on other services.  

 

Causality and complexity  

Ecosystems are a web of connections and linkages. Ecosystem service generation, use, threats and 

pressures are all highly complex. In order to undertake valuation, there is a need to understand 

the biophysical and socioeconomic linkages and pressures. This is also crucial for modelling how 

ecosystem services will change over time in response to changes in use, management etc.  

 

Trade-offs and synergies 

Trade-offs relate to an exchange where you give up one or more things in order to get something 

else that is also desirable, i.e. you lose some quality or quantity of one ecosystem services in 

return for gaining either another ecosystem service or economic benefit.   Trade-offs are 

important because somebody always gains and somebody always loses.  Therefore the question 

of how to address and manage trade-offs have implications for distribution, equity and the 

interests of different stakeholders.  Trade-offs can be distinguished in services (e.g. wildlife habitat 

vs timber production), time (present vs future generations) and space (e.g. upstream vs 

downstream).  



 

 

19 

 

2.2.3 Total economic value framework 

Economists have conventionally focused mostly on the raw materials and physical products 

associated with environmental resources, i.e. the provisioning services.  Over time, as our 

understanding of environmental goods and services has expanded, so (environmental) 

economists have expanded their definition of environmental values.  Now, it is 

commonplace to apply the total economic value (TEV) framework (Figure 2.3). The Total 

Economic Value of an ecosystem comprises direct use, indirect, option and non-use values.  

 

 

Figure 2.3.  The Total Economic Value (TEV) typology45  

 

 

Direct use values may be generated through the consumptive (e.g. resource harvesting) or 

non-consumptive (e.g. bird watching) use of resources, whether for income, subsistence or 

recreation.  Indirect use values are values generated by outputs from the ecosystems in 

question that form inputs into production in other areas, or that contribute to net economic 

outputs in the economy by saving on costs.  These outputs are derived from ecosystem 

functioning such as water purification and flood attenuation.  Non-use values include the 

value of having the option to use the resources (e.g. genetic) of ecosystems in the future 

(option value), and the value of knowing that their biodiversity is protected (existence 

value).  Although far less tangible than the above values, non-use values are reflected in 

society’s willingness to pay to conserve these resources, sometimes expressed in the form of 

donations.  Most attempts to value ecosystem services consider all these components of 

TEV. However they do not necessarily attempt to value them all and, in fact, they rarely ever 

                                                           
45  Source: GiZ (2018) Training module on Economic Valuation of Ecosystem Services. ValuES: Methods for 

integrating ecosystem services into policy, planning and practice.  
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do so.  The relationships between the concepts of ecosystem services and values are shown 

in Figure 2.4.  

 

 

Figure 2.4. Broad relationships between the concepts of ecosystem services and values46 

 

 

The TEV framework often leads to the wrong assumption that all values have been 

considered and neglects those values which are difficult to value in monetary terms.  TEEB47 

refers to Total System Value (TSV) which implies that in addition to economic approaches 

there are also quantitative and qualitative approaches that contribute to estimating the 

value of an ecosystem good or service.  There is generally a much broader view at the 

qualitative level due to a lack of data that prevents a more quantitative approach. This is 

shown in the “benefits pyramid” below (Figure 2.5).  Monetary benefits relate to the 

economic value of ecosystem services such as the value of carbon storage or avoided water 

purification costs. Quantitative benefits relate to the physical amounts attributable to the 

different services such as tonnes of carbon stored or cubic metres of water purified. 

Qualitative benefits is a description of the range and types of benefits that are being 

generated by a particular ecosystem.  

                                                           
46  Source: author 
47  TEEB in National Policy - The Economics of Ecosystems and Biodiversity in National and International Policy 

Making (2009). www.teebweb.org 
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Figure 2.5. The benefits pyramid and Total Economic Value versus Total System Value48 

 

 

2.2.4 Measures of value 

Economic value is the maximum amount a consumer is willing to pay for an item in a free 

market economy, i.e. it is the most that a person is willing to give up in other goods and 

services in order to obtain a good, service or state of the world.  Economic value therefore 

evaluates preferences and potential revenues. Money is the universally accepted measure of 

economic value because the amount that someone is willing to pay for something tells how 

much of all other goods and services they are willing to give up to get that item. Willingness 

to pay reflects economic value, however, market prices do not always accurately reflect 

economic value since willingness to pay can be greater than the price of an item.  

 

Net economic value is used to evaluate welfare outcomes. It is the sum of consumer and 

producer surplus.  The net 

economic benefit to 

individuals can be measured 

by “consumer surplus” which 

is the difference between 

total willingness to pay and 

the amount actually paid. For 

society as a whole this is 

measured as the area under 

the demand curve for a good 

and above its price. Net 

                                                           
48  Source: TEEB in National Policy - The Economics of Ecosystems and Biodiversity in National and International 

Policy Making (2009). www.teebweb.org 
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benefits to firms can be measured as the “producer surplus” which is equal to the revenue 

received over and above the amount they were willing to accept for the goods (to break 

even).  For an industry as a whole, this is measured as the area above the supply curve and 

below the market price.  

 

Decision-makers are usually interested in the contribution of a resource, good or service to 

national income.  There is a standardised international System of National Accounting which 

dictates how measures such as national income and income per capita are computed. The 

value of a project or amenity can be expressed in terms of its direct contribution, known as 

“direct value added” to national income, or can go further to describe both direct and 

indirect value added, which is known as “total value added” which includes the knock-on 

effects of an activity in other sectors of the economy. Other related measures include the 

number of jobs created directly and indirectly (Figure 2.6).   

 

Figure 2.6. Direct and indirect value added49 

 

 

In certain situations a natural resource may not be worth much in monetary terms, but may 

be important to the survival of poorer households.  Thus an important measure could be the 

contribution of the area to people’s livelihoods, or the way that they sustain themselves, 

maintain sufficient income to meet basic needs and cope with external shocks such as 

                                                           
49  Source: author 
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droughts.  Assessing the contribution to livelihoods involves an assessment of the degree to 

which low income households depend on the environment for their income and general 

wellbeing, and requires social survey methods.  

 

Exchange value is used for the valuation of ecosystem services and assets in ecosystem 

accounting (SEEA EEA). It is the price at which services and assets would be exchanged 

between a buyer and a seller if a market existed.  It requires finding an appropriate price for 

the exchange of services between a given ecosystem asset (e.g. a forest) and an economic 

unit or individual (e.g. a forester).  It therefore aims to measure the contribution of 

ecosystems to production and consumption in monetary terms and does not measure the 

welfare generated by ecosystems.  This allows for the estimation of values that are not 

already included in the System of National Accounts to be expressed in comparable terms.  

 

In environmental accounting, ecosystems are assets that provide ecosystem services and 

benefits to people. Assets can be measured using both physical and monetary units. 

Ecosystem services are measured as the flow of the service generated per period of time and 

typically expressed per year in physical terms. Ecosystem service benefits measure the value 

of the benefits generated per period of time and typically expressed per year in monetary 

terms.  In the international SEEA EEA framework, ecosystem assets (ecosystem stocks) are 

generally valued on the basis of the net present value of the expected flow of ecosystem 

services over a defined period (e.g. 50 years).   

 

Most valuation studies seek to measure the value of flows and assets of ecosystems, i.e. they 

use a static approach is used to generate a value for resource “X”.  However, problems of 

attribution arise with this approach, particularly for regulating services. It is theoretically 

easier and more useful to rather compare a relative change in the value of flows and assets 

between different possible future scenarios such as comparing different policies and/or 

levels of ecosystem degradation.  
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2.3 Valuation methods 

Economic value can be defined as the most that a person is willing to give up in other goods 

and services in order to obtain a good, service, or state of the world.  This is usually 

expressed as willingness to pay (WTP).  For commodities for which there are well-functioning 

markets, such as timber, prices generally reflect society’s WTP.  Thus where there are 

markets for the services provided by ecosystems, the traded market good or service 

provides a basis for valuing them. Where markets prices are unreliable or where explicit 

markets for services do not exist, estimates have to be obtained indirectly.  This can be done 

by looking at related markets. For example, land which is more fertile will trade at a higher 

price.  This price differential reflects the value of soil fertility.  Alternatively, unpriced 

services can be valued by estimating how much it would cost to replace them, or the 

damages that might be incurred if they were removed.  Another method is to ask people 

direct questions that elicit their willingness to pay (or to accept compensation).  Thus 

valuation methods can be divided into 'market value' approaches, 'revealed preference' 

approaches or 'stated preference' approaches. The more intangible the type of value, the 

fewer the methods available for use.  Benefit transfer methods can also be used.  This 

involves taking models from studies carried out elsewhere in similar ecological and 

socioeconomic contexts and are applied to the current study site, after adjusting for relevant 

differences. 

 

There is a commonly-used and widely-accepted ecosystem valuation “toolbox” (Figure 2.7) 

that has gradually come into existence over the last two decades. Almost all ecosystem 

valuation studies use one or more of these methods. 

 

 

Figure 2.7.  The commonly-used ecosystem valuation “toolbox”50 

                                                           
50  Source: Adapted from GiZ (2018) Training module on Economic Valuation of Ecosystem Services. ValuES: Methods 

for integrating ecosystem services into policy, planning and practice. 
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2.3.1 Market value approaches  

Market value approaches can be applied to the measurement of direct or indirect use 

values. The production value approach is one which models the production of a good or 

service as a function of inputs such as environmental quality, and then applies the model to 

estimate the change in value due a change in the quality or quantity of the environmental 

input. 51 This method requires the collection of detailed data on the production system.  

Replacement cost methods estimate what it would cost to replace the service provided by 

the ecosystem.  For example, the cost of establishing a protective barrier to replace the level 

of protection provided by coastal mangroves.  This is a relatively easy method, but needs to 

be applied carefully as it can lead to over-valuation where the service is not fully demanded 

(e.g. if there were no people or structures to protect).  A better approach is to estimate the 

damage costs that would be incurred as a result of environmental degradation (see Box 2.4), 

but this is usually more data intensive and can require complex modelling.  

 

Box 2.4. An Economic Valuation of Aceh’s forests: The road towards sustainable development52 

Economic valuation methods were used to evaluate the Total Economic Value (TEV) of the forest 

ecosystem in Aceh Province in Indonesia. Two scenarios were developed; a conservation scenario 

and a deforestation scenario.  The economic value of flood protection was derived by estimating 

the avoided flood damages. This involved estimating what the damage from floods would be if 

the forest in Aceh were degraded. The study looked at the impacts of deforestation on 

downstream flood intensity and timing and related this to the costs associated with damage to 

residential houses, roads, agriculture and human health.   

 

The average annual economic value for flood prevention under the conservation scenario was 

estimated to be US$ 105 million/year. 

 

                                                           
51   E.g. Ellis GM & Fisher AC (1987) Valuing the Environment as Input   Journal of Environmental Management 25: 

149–-56; Barbier EB (1994) Valuing Environmental Functions: Tropical Wetlands. Land Economics 70: 155–73. 
52  Van Beukering, P., Grogan, K., Hansfort, S. and D. Seager. 2009. An Economic Valuation of Aceh’s forests: The road 

towards sustainable development. Report R-09/14, Institute for Environmental Studies, VU University, 

Amsterdam. 

Figure 2.8. Annual benefits for flood protection 
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2.3.2 Revealed preference methods 

Revealed preference methods include travel cost methods, hedonic pricing methods and 

avoidance or defensive expenditure methods. These methods all use observations of actual 

behaviour in order to derive estimates of value.  The travel cost method is typically used for 

estimation of recreational use value, and involves the quantitative estimation of demand 

based on the modelled relationship between visitation frequency and travel costs (Figure 

2.9). 53 The hedonic pricing method is used for estimation of the amount that an 

environmental amenity or disamenity creates a premium or discount on property prices in 

an area (Box 2.5). 54 This method involves constructing a predictive model from existing 

property sales data, in which 

the environmental attribute 

is one of the explanatory 

variables for the price of 

properties.  Defensive 

expenditure methods 

involve analysis of the 

amount that people spend 

as a result of environmental 

damage, such as the 

purchasing of bottled water 

where health risks have 

been elevated due to 

polluted water supplies.  

 

Box 2.5. Amenity value of urban green open space in Durban using the hedonic pricing method55 

Green open space in cities provides a number of benefits, such as opportunities for recreation and 

tourism, attractive views, habitat for wildlife, improved air quality and biodiversity conservation. 

The value that residents place on these open space areas in reflected, to an extent, in private 

property and real estate markets. Since local municipalities receive a significant portion of their 

revenue from property taxes, they have an incentive to maximise the value of properties in their 

jurisdiction. If policy makers are provided with information about how green open space influences 

property sales and how their residents value open space areas, more informed decisions can be 

made in terms of land use planning and development.  

 

This study determined the property value attributable to green open space in Durban, South Africa 

using the hedonic pricing method.  A large municipal data set containing information on over 

16 000 property sales were analysed in relation to property characteristics, amount and condition 

of different types of green open space, views, distance to various features and neighbourhood 

                                                           
53   E.g. Clawson M & Knetsch JL Economics of Outdoor Recreation (1966); Willis K & Garrod G (1991) 'An individual 

travel-cost method of evaluating forest recreation' Journal of Agricultural Economics 33–42. 
54   Pearce DW & Turner RK (1990) Economics of Natural Resources and the Environment; Van Zyl A & Leiman 

'Hedonic approaches to estimating the impacts of open spaces: A case study in the Cape' (2002) South African 
Journal of Economics and Management Science 379-94. 

55  Letley G, Turpie JK (2016) The contributions of natural and man-made green open space to property value in 
Durban, South Africa: a hedonic pricing study. Environment for Development Discussion Paper Series. 

 

Figure 2.9. Travel cost demand curve 
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characteristics.   Well-managed green open space attracted premiums amounting to about 2% of 

overall property value, or R4.4 billion, public parks accounted for 6.5% of property value, or R13.8 

billion, and natural areas in a degraded condition resulted in discounts.  When mapped to the 

relevant areas, well-managed open space areas and parks within the urban edge had an average 

asset value of R1.4 million and R20.5 million per ha, respectively, and jointly accounted for about 

R356 million per annum in property tax revenues to the city.  The results suggest that investment in 

the maintenance and improved quality of green open space areas would be worthwhile. 

 

 

Figure 2.10.  Estimated value (R/ha) of (a) natural open space in a good condition and (b) park 
land within each main-place within the eThekwini (Durban) municipality.  

 

 

2.3.3 Stated preference methods 

Stated preference methods provide the only means of estimating changes in option and non-

use values, although they can also be used to estimate changes in direct use values such as 

recreational value. 56 These methods involve questionnaire surveys of the affected 

population. Contingent valuation methods (CVM) elicit peoples' willingness to pay (WTP) for 

the benefit of retaining or acquiring an improvement in an environmental asset or 

willingness to accept compensation (WTA) for its degradation or loss. WTP and WTA are 

estimated by asking respondents to react to a hypothetical situation. The detailed method is 

                                                           
56   E.g. Mitchell RC & Carson RT (1989) Using surveys to value public goods: the Contingent Valuation Method; Turpie 

JK (2003) The existence value of biodiversity in South Africa: How interest, experience, knowledge, income and 
perceived level of threat influence local Willingness to Pay. Ecological Economics 199-216; Green PE & Rao VR 
(1971) Conjoint measurement for quantifying judgement data. Journal of Market Research 355-63; Stevens TH et 
al. (2000) Comparison of contingent valuation and conjoint analysis in ecosystem management. Ecological 
Economics 63–74. 
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usually unique to each specific situation or study. The method is very prone to biases, but if 

universally accepted standards are followed, these problems can be acceptably 

minimised. 57,58 Choice experiment methods use respondent choices to statistically 

determine the way in which different components of an amenity, such as species diversity or 

cleanliness, contribute to its value (Box 2.6).  While both choice methods and the better-

designed CVM methods simulate a real-life response to discrete choices, choice methods 

provides the means to evaluate multiple scenarios as opposed to a single scenario in the 

case of CVM.  Stated preference methods continue to be refined, with significant input from 

the field of behavioural economics.59  

 

Box 2.6. Estimating Wetland Biodiversity Values: A choice modelling application in Vietnam's 
Mekong River Delta60 

A lack of information on environmental protection values, especially non-market values, has 

contributed to wetland degradation in the Mekong River Delta in Vietnam. These non-use values 

are represented by the respondents' WTP for the wetland biodiversity protection. This study used 

choice modelling to estimate biodiversity protection values of Tram Chim National Park, a typical 

wetland ecosystem of the Delta.  

 

Respondents were asked to choose their most preferred resource use option from a set of choice 

questions. Attributes included the percentage of area having healthy vegetation, the number of 

globally threatened birds living in the wetlands, the number of fish species, the number of 

affected households and a cost option (Table 2.1). The results from the choice modelling 

experiment showed aggregated values for the wetland conservation programme of about US$ 3.9 

million. These benefits outweigh the costs, justifying its implementation. 

 

Table 2.1. Five attributes and four levels used in the experimental design 

 

                                                           
57   Arrow K et al. (1993) Report of the National Oceanic and Atmospheric Administration (NOAA) panel on Contingent 

Valuation.   
58   Johnston RJ et al. (2017) Contemporary guidance for stated preference studies. Journal of the Association of 

Environmental and Resource Economists 4: 319--405. 
59   E.g. Alevy JE, List JA, & Adamowicz WL (2011) How can behavioural economics inform nonmarket valuation? An 

example from the preference reversal literature. Land Economics 87: 365–381. 
60  Do T, Bennett J (2007) Estimating Wetland Biodiversity Values: A choice modelling application in Vietnam's 

Mekong River Delta. Economics and Environment Network Working Paper EEN0704, Australian National 
University, Canberra. 
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2.3.4 Benefit transfer methods 

In certain cases it may be possible to apply the results of other studies undertaken in similar 

areas, such as the transfer of international estimates to local open space areas. This is called 

benefits transfer, 61 because the measured benefits are transferred to another site with 

similar ecological and socioeconomic characteristics. While this method is generally 

considered to be less reliable, the increase in valuation studies and advent of studies that 

incorporate spatial variation is improving the way in which values are ‘transferred’ from 

existing studies to new areas. 

 

Box 2.7. The economic value of the ecosystem services generated by mangrove planting project in 
Asia-Pacific Region62 

Tokio Marine & Nichido Fire Insurance Co., Ltd. (TMNF) in collaboration with reforestation NGOs 

have been involved in mangrove planting activities since 1999 and have planted 8,994 ha of 

mangrove forests in nine countries in the Asia-Pacific region.  This study assessed the value of 

ecosystem services generated by corporate investments in mangrove restoration is SE Asia where 

little or no reliable biophysical and socioeconomic data was available.  The study relied on the 

transfer of value estimates from recent studies conducted in the Association of Southeast Asian 

Nations (ASEAN) sites that had similar ecological, biological and socio-economic characteristics. 

The values were all adjusted for inflation and purchasing power parity (PPP).  

 

The study found that the economic value of ecosystem services (cumulative total from April 1999 

to March 2014) generated by the mangrove planting project was worth US$ 338.8 million. This 

value contributed to the livelihoods and wellbeing of 1.5 million people, via investment of just 

under US$10 million.  In addition to the quantitative values, various benefits for local communities 

and global society such as an improvement of local people’s lives, disaster risk reduction and 

climate change mitigation are generated by the mangrove planting projects. 

Figure 2.11.   Cumulative value of ecosystem services generated by TMNF’s mangrove planting 
project 

 

                                                           
61   OECD (1994) The Economic Appraisal of Environmental Projects and Policies: A Practical Guide; Georgiou S et al. 

(1997) Economic Values and the Environment in the Developing World 1-167; Barbier EB, Acreman MC & Knowler 
D (1997) Economic Valuation of Wetlands: A Guide for Policy Makers and Planners  1–127. 

62  Emerton, L. (2015) The economic value of the ecosystem services generated by Tokio Marine & Nichido’s 
mangrove planting activities, Mitsubishi Research institute, Tokyo. 
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2.3.5 Selecting valuation methods 

Certain valuation methods are more readily-applicable than others to valuing particular 

ecosystem services and time, data and budget exert a strong influence over the choice of 

methods selected for a valuation study.  Triangulation can be an important exercise as it is 

always better to use a number of methods so as to cross-check results and present a range 

of possible values. In summary, Figure 2.12 recaps the different valuation methods and the 

services that are typically valued using each of these methods.  

 

Figure 2.12.  Valuation methods and the ecosystem services that are typically valued using such 
methods63 

 

2.3.6 Limitations of valuation  

Environmental valuation is controversial, mainly because of the numerous limitations of the 

methods, particularly their proneness to bias. There are ongoing arguments as to whether it 

is better to produce an imprecise estimate of value or none at all. While there is a danger of 

undervaluation leading to unjustified loss of biodiversity, in general, it is probably better to 

draw attention to value than to ignore it. Nevertheless, monetary valuation of some of the 

benefits provided by biodiversity remains challenging. In particular, these include some of 

the social values provided. For example, many studies have quantified the contribution that 

biodiversity makes to peoples' livelihoods in terms of income, but these values fail to 

adequately express the importance of biodiversity to these households in terms of reducing 

risk, such as in times of drought, or as a safety-net to families that have suffered shocks such 

as job losses. These are crucial functions in countries where governments provide very little 

in terms of social welfare.  

                                                           
63  Source: GiZ (2018) Training module on Economic Valuation of Ecosystem Services. ValuES: Methods for 

integrating ecosystem services into policy, planning and practice. 
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3 VALUATION OF ECOSYSTEM SERVICES  

3.1 Overview 

This chapter focuses on the valuation of ecosystem services using examples taken from the 

recent Namibia TEEB National Assessment of Ecosystem Services64.  For each ecosystem 

service a fairly generic overview is provided highlighting the importance of the service and 

the benefits that accrue from the service. The methods that are typically used (i.e. the “ideal 

methodology”) to value the service are then described. However, in reality it is often difficult 

or impossible to value services using the most ideal methodology and therefore creative 

approaches and/or a combination of valuation methods need to be used.  This is often the 

case when data and time are limited.  This was the case for the Namibian spatial assessment 

of ecosystem services. Examples taken from the Namibian assessment highlight the methods 

that were used with the rationale as to why the service was valued in such a way. Any 

uncertainty around the methods are discussed and any data limitations flagged.  

 

The majority of valuation studies around the world, including the recent Namibian 

assessment, have followed the more common ecosystem service classification approaches 

(e.g. MEA 2003, TEEB 2010).  These frameworks largely align with the components of CICES, 

but with a few differences.  These difference include the exclusion of abiotic services such as 

minerals and energy and the exclusion cropland and forestry plantations from ecosystem 

service valuation studies.  Most valuation studies tend to focus on ecosystem services 

provided by natural ecosystems, including the contributions that they make to crop 

production such as pollination, pest control and renewal of sediments and nutrients by 

flooding (i.e. regulating services) and the contribution of fodder to livestock production (a 

provisioning service).  This same approach was used in the Namibian assessment.  

 

Since the Biodiversity Resource Mobilisation (ResMob) Project is focused on making the case 

for investing in biodiversity conservation with the main goal is to improve Namibia’s capacity 

to mobilise resources for biodiversity conservation and to move towards a future goal that 

includes the mainstreaming of natural capital accounting and valuation of ecosystem 

services in decision and policy making, the approach used in the Namibian assessment 

followed the ecosystem accounting framework for valuation as far as possible. Within an 

ecosystem accounting framework values are estimated in terms of the exchange value 

concepts. This involves using the “residual value” resource rent approach for estimating 

annual values, which can be interpreted as the annual return culminating directly from the 

ecosystem asset itself, i.e. the surplus value accruing to the user of an ecosystem asset 

calculated after all costs have been considered.  The accounting framework does not provide 

an estimate of welfare value and therefore does not include consumer surplus.  

 

                                                           
64  Forsythe K, Letley G & Turpie J (2017) A national assessment of Namibia’s Ecosystem Services. Vol I in Turpie, J. 

(ed). The development of strategies to maintain and enhance the protection of ecosystem services in Namibia’s 
state, communal and freehold lands.  Report prepared by Anchor Environmental Consultants and Namibia Nature 
Foundation on behalf of the GiZ.  87pp. 
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3.2 The importance of spatial variability 

The science of describing and valuing ecosystem services has improved considerably by 

taking spatial variability into account. This has been made possible by the rapid development 

of satellite data and geographic information systems over the last two decades.  Satellite 

data have allowed the development of increasingly sophisticated studies that provide 

empirical evidence of the value of ecosystems, such as the role of forests in saving on water 

treatment costs,65 or the role of surrounding natural vegetation in boosting the income of 

small-scale farmers through provision of bee pollinators.66  It is increasingly appreciated that 

both the capacity to deliver ecosystem services and the demand for the services that lends 

them value are governed by spatial factors.  These include spatial variation in geophysical 

parameters as well as in socio-economic variables such as population, income and 

infrastructure.  Attention to these details has led to vast improvements in the extrapolation 

of values, as well as to the production of ambitious studies such as the UK National 

Ecosystem Assessment.67  Such large scale studies can also show how some policies may be 

more efficient if directed spatially.  While some progress has been made in Namibia on the 

valuation of ecosystem services,68 to achieve this level of sophistication would require 

considerable further work in a range of areas.  Nevertheless, such work will be valuable not 

only in meeting the Aichi Targets of which elucidating the value of ecosystems is one, but 

also in developing ways to track changes in an ecosystem accounting system. 

 

 

3.3 Valuation of provisioning services  

3.3.1 Harvested living resources  

Terrestrial, freshwater and coastal ecosystems provide a number of living and non-living 

resources which are harvested for raw materials, food and medicine. These resources are 

harvested for both subsistence and commercial use, particularly where there are limited 

economic opportunities.  Many resources are traded in markets. However, in many regions 

across the globe, rural households also directly depend on provisioning services for their 

livelihoods.  In this case, the value of the service may be much more important than is 

reflected in the prices they fetch on local markets.   

 

Certain resources may be heavily depended upon and collected by most rural households, 

such as fuelwood for heating and cooking.  Other resources are not generally collected by all 

households, providing opportunities for bartering, sale and enterprise development.  This is 

often the case with thatching grass and fish. In more recent times the commercial harvesting 

of wild plant and animal species has increased, with these natural products seen as a 

                                                           
65   Vincent J et al. (2015). Valuing Water Purification by Forests: An Analysis of Malaysian Panel Data, Environmental 

and Resource Economics 64: 59–80. 
66   Siikamaki, J. & Tibesigwa, B. Valuing Crop Pollination Ecosystem Services in the Developing World: The Case of 

Tanzania.  Paper presented at EAERE Conference, Athens, 2017. 
67   Bateman et al. (2013) UK National Ecosystem Assessment. 
68   Forsythe et al. (no 59 above) 
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strategy to diversify incomes and alleviate poverty in rural households.  An increasing global 

trend towards the use of natural beauty and health care products has made the 

commercialisation of a number of wild plant products possible.   

 

Data collection methods depend on the amount of information that is readily available, and 

on the type of activity involved. In situations where data are scarce and many players are 

involved, social survey methods can be used.  These involve a series of steps of information 

gathering, from reconnaissance, key informant interviews and focus group discussions 

through to household surveys and collection of spatial data.  An initial reconnaissance visit is 

important in developing country areas, and would involve meetings with community leaders 

as well as gathering a broad understanding of the local area.  Key informant interviews and 

focus group discussions are with individuals or groups, respectively, focusing on a particular 

activity, such as fishing or medicinal plant harvesting. These discussions are usually semi-

structured, but allow for free discussion to expand one’s understanding.  Household surveys 

entail the use of highly structured questionnaires, employing a careful sampling design.  

These yield quantitative data. 

 

Quantifying use or production is the most difficult aspect of valuing harvested resources.  

Most studies rely on field studies to obtain data on stocks and/or use of resources.  In the 

majority of cases, values are based on estimates of average annual household use and the 

market prices of the resources (or shadow prices where these are not available).  This is 

usually expressed as annual gross output at the household or community level, or in terms of 

gross value per unit area.  While field studies can provide estimates of current use, this use is 

not necessarily sustainable.  Snapshot estimates can therefore provide distorted estimates 

of value (potentially leading to overestimates of asset value when the supply side is not 

addressed).  Ideally, direct use value should be estimated based on a combination of 

expected demand and estimated sustainable yields.  However, in some cases, the only 

available data are on actual harvests.  Comprehensive studies where data is available have 

been able to develop models of household demand in order to extrapolate estimates of 

resource use, and have dealt with the sustainability issue by capping estimates of use at the 

estimated sustainable yields of the collection areas69 (Box 3.1).  However, there is generally a 

shortage of ecological field studies upon which to base estimates of yield, requiring 

oversimplified assumptions in some cases.   

 

In addition, researchers face challenges in obtaining accurate data from households or firms 

whose use of resources is unsanctioned by their peers, traditional structures or the state.  

Thus the data collected in field studies may vary considerably in their accuracy.  Ultimately, 

estimates of use need to be compared with ecological and socio-economic monitoring data. 

 

                                                           
69  Turpie JK, de Wet J, Clark B, Orr K, Brown C, Joubert A, Karl R, Magoba R, Beuster H, Clarke T. & Kotze D (2010) 

The nature and value of aquatic ecosystem services in the Olifants, Inkomati and Usutu to Mhlatuze Water 
Management Areas.  Report for Department of Water Affairs. 362 pp;  Turpie JK, Forsythe KJ, Knowles A, Blignaut 
J. & Letley G. (2017). Mapping and valuation of South Africa’s ecosystem services: a local perspective.  Ecosystem 
Services 27: 179-192; Turpie JK, Letley G, Chrystal R. & Corbello S. (2017). The value of Durban’s natural capital 
and its role in Green Urban Development. Part 1: A spatial valuation of the natural and semi-natural open space 
areas in eThekwini Municipality. World Bank Report. 
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Box 3.1. Valuation of harvested living resources in Namibia70 

Potential aggregate household demand was estimated for fuelwood, poles, saw timber, reeds, 

sedges and palm leaves, wild foods and medicines, wild meat and fish. There are no nationally- or 

regionally-collated datasets on resource use, since information on natural resource harvesting or 

use is not collected in any government monitoring surveys, apart from (a) reliance on rivers for 

domestic water supply and (b) sources of energy, both in the Namibian national census. Therefore 

the valuation relied on information collated from a range of field studies conducted locally and 

regionally.   

 

Sustainable yields were estimated for different habitat types, taking current condition and demand 

into account.  The major vegetation types were grouped into 14 broader categories and the 

sustainable yields and prices for all resources were assigned to each vegetation category based on 

information from collated field studies. The number of households in traditional dwellings within 

each region (Census 2011) and information from the literature about percentage household use for 

different resources was used to estimate demand.  Degradation factors were applied where bush 

encroachment and clearing for cultivation was apparent.  It was conservatively assumed that no 

resources could be accessed in protected areas (the typical policy), that 10% could be accessed in 

private lands, and that all resources were accessible in communal land areas. The provisioning value 

of resources harvested by subsistence and small-scale users from terrestrial and freshwater habitats 

was estimated based on the minimum of their sustainable yields and the estimated demand. The 

values for each resource were mapped back to each region using biomass estimates as a proxy for 

resource availability.  

 

The estimation of natural resource stocks and yields in relation to ecosystem type and condition is 

an area that needs further research in Namibia.  This needs to move away from species-oriented 

studies to resource-oriented studies (i.e. at the level of functional groups, e.g. “bush meat”, fish, 

building poles).   

 

In addition, the value of game meat production and trophies was also valued (i.e. the consumptive 

use of large game species) using the sustainable offtake for meat production and trophies based on 

regional population estimates in freehold and communal areas. Species specific sustainable offtake 

rates were applied.  To avoid double counting, it was assumed that the sustainable trophy yield was 

taken preferentially to the sustainable meat offtake.  This approach provides an estimate of the 

ability of the current wildlife population to sustainably provide meat and trophies in terms of 

number of trophies and kg of meat.  Not all of this potential value however is actually utilised, so 

the proportion that is actually demanded was estimated.  For trophies this information could be 

gathered from MET on the number of trophy permits actually fulfilled (not just those issued).  For 

biltong hunting these data could be obtained through surveys of farmers on the number of animals 

hunted for meat. Ideally, if the location of all hunting farms was known then only the sustainable 

yield from these could be used.  In the absence of this detailed data we assumed that all the 

sustainable yield of biltong hunting was utilised and that only the number of trophies up until the 

number of permits issued was an indication of the proportion of trophies taken.  

 

The amount of meat produced and trophies hunted can be valued in monetary terms in a number 

of ways depending on data availability.  Estimates for values of trophies could ideally come from 

                                                           
70  Forsythe K, Letley G & Turpie J (2017) A national assessment of Namibia’s Ecosystem Services. Vol I in Turpie, J. 

(ed). The development of strategies to maintain and enhance the protection of ecosystem services in Namibia’s 
state, communal and freehold lands.  Report prepared by Anchor Environmental Consultants and Namibia Nature 
Foundation on behalf of the GiZ.  87pp. 
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government records, cost of permits or surveys. Prices for meat could be obtained from surveys of 

butchers or using the replacement cost of alternative meat.  In the absence of such data we used 

estimates from the literature for both trophy and meat prices and updated the values into 2016 

Namibian dollars.  Only a percentage of this gross value output however contributes to gross 

national product.  We used an estimate of proportional resource rent to modify this number in 

order to generate a residual value.  However actual data on the inputs and outputs of trophy 

hunting and biltong hunting industries could be used to revise this estimate.  

 

These values were mapped back to their source where possible (e.g. where data were available per 

conservancy) and otherwise were mapped back to freehold land based on large mammal densities.  

 

Figure 3.1.  (a) Provisioning value of harvested terrestrial resources and (b) game hunting and 
trophy value.  

 

 

3.3.2 Livestock fodder production 

Rangelands provide natural fodder for the production of livestock and farmed game.  These 

areas are important in both communal and private lands where people depend on the 

production of livestock and game for their livelihoods.  In most regions this service is 

threatened by rangeland degradation which is a function of numerous factors, including 

bush encroachment and overstocking.  

 

The value of fodder production is usually presented either in terms of the replacement cost 

(in terms of bought feed), the value of livestock production, the minimum of these, or using 

both as an upper and lower estimate of value.  While the latter provide the measure 

required under the accounting system, the former does not provide a good proxy for the 

marginal value of grazing, since the feed costs are very high and the hypothetical cost of 

replacing grazing often exceeds the gross value of production (see Box 3.2).  Ideally, time 

series data should be used to relate production to ecosystem type and condition in order to 

understand the economic implications of managing or mismanaging rangeland resources. 

 



 

 

36 

 

Furthermore, the mapping of this value at a fine scale can be difficult. This is largely because 

there often tends to be a lack of local-level data on livestock and game holdings.  Data on 

livestock and their productive values tend to be readily available at broader scales, but 

district and farm-level data are usually not made available at local scale.  

 

Box 3.2.  Valuation of livestock fodder in Namibia71 

This is a highly valuable service in Namibia where much of communal and freehold land is under 

natural rangeland.  The southern regions of Namibia are mostly stocked with sheep and goats, 

whereas cattle are more commonly kept in northern and central areas.  

 

The value of fodder production in rangeland areas was estimated as the minimum of its 

replacement cost (in terms of bought feed) and the value of livestock production. The numbers of 

cattle, goats and sheep per region per communal and commercial farming areas were obtained 

from livestock census data.  The annual grazing demand for cattle, sheep and goats was estimated 

based on the average body mass per animal and animal class and daily fodder requirements.  

 

It was estimated that if all livestock were subsisting entirely on wild fodder this would yield an 

estimated total grazing value of N$20.4 billion per year.  However, the value of fodder requirement 

for livestock would produce an overestimate of grazing value in overstocked areas.  Therefore we 

estimated the difference between stocking rate and carrying capacity.  Therefore the overall value 

of replacing fodder production in Namibia 

was estimated at N$18.6 billion annually.  

This value however, exceeded the 

estimated contribution of the livestock 

industry to GDP, which was estimated at 

N$2.5 billion in 2005 (MAWF 2007; equal 

to approximately N$3.8 billion in current 

prices) in Namibia.  This analysis indicated 

that at current prices of feed, the cost of 

feeding cattle would outweigh any profit 

gained from selling the animals.  The value 

of livestock production was therefore used.  

This lower value was mapped back to the 

regions based on the stocking density (less 

overstocking).  

 

In Namibia, a regular (e.g. once 5-yearly) 

agricultural census would go a long way to 

providing consistent data from which to track the use of this service. 

 

 

  

                                                           
71  Forsythe et al. (no 65 above) 

 Figure 3.2. Fodder production value (N$/ha/y) 
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3.4 Amenity value  

The amenity value of green open spaces, landscapes and ecosystems is derived from their 

combinations of natural attributes such as size, beauty and rarity, as well as man-made 

enhancements such as roads, waterholes, walkways, viewpoints and other tourism 

infrastructure.  These attributes determine the extent to which an area is suitable or 

attractive for recreational use, religious use or spiritual fulfilment.  Their value or actual 

contribution to human welfare also ultimately depends on factors that influence demand for 

these services, such as the number and income levels of people living in the vicinity, as well 

as by people living elsewhere.  The amenity derived from these ecosystems and landscapes 

can come in the form of enjoyment from tourists visiting an area, in the form for people 

utilising and gaining well-being from the ecosystems within the places in which they live or 

as the enjoyment people gain by knowing that such ecosystems and landscapes exist.  

 

Because of the intangible nature of these values, the welfare gains generated by the supply 

of cultural services are difficult to estimate and map.72  In theory, the value of the cultural 

services provided by existing natural areas is what people would demand in compensation 

for giving up the benefits they receive from those areas.  This can be estimated through the 

use of stated preference methods, involving surveys of users that elicit their willingness to 

pay to retain or willingness to accept compensation to forgo a certain state of the world.  

However, the inherent methodological biases of these methods can be extremely 

challenging, and require very comprehensive studies. 

 

Nevertheless, the welfare gains associated with the amenity of green open space areas, 

landscapes and ecosystems are reflected to a large extent in two markets that are 

observable – property and tourism. Urban residents often pay a premium to live close to the 

areas they enjoy, or to have a good view.  Similarly, visitors pay to travel to and stay in an 

area where they will have access to or views of different types of amenities.  Thus one can 

determine amenity value by using revealed preference methods, in which actual data from 

related markets are analysed in order to estimate the contribution made by a feature of 

interest, be it green open space or protected areas.  It is fair to assume that the two values 

derived are from two separate user groups and can be added together. These two types of 

value are discussed separately below.  

 

Other cultural services such as existence values of nature and other less tangible values 

associated with ecosystems, such as scientific and educational value, and cultural and 

religious value (i.e. the significance of nature in cultural and religious beliefs and activities) 

are far more difficult to value and are usually not included in valuation studies, despite their 

known importance.   

                                                           
72  Milcu AI, Hanspach J, Abson D & Fischer J (2013) Cultural ecosystem services: a literature review and prospects for 

future research. Ecology and Society 18(3):44. 
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3.4.1 Tourism value  

Determining the tourism value of particular areas often involves combining user surveys and 

tourism expenditure, or involves the application of the travel cost method, contingent 

valuation and choice modelling methods.  However, valuation methods that estimate 

consumer surplus are not considered appropriate for use in ecosystem accounting.  In 

addition, while these kinds of stated preference methods may be useful for small defined 

areas such as parks, they are impractical for estimation of the value of multiple sites across 

an extensive area.  Extrapolation techniques can be very data intensive and most efforts to 

quantify and map cultural services such as recreational value have used the number of 

visitors to an area.73  Alternatively some have used proxies such as number of tourist 

attractions, tourist expenditure, sightings of rare species and accessibility to natural areas.74  

 

The recent emergence of various social media tools, however, provides an alternative to 

assess how people respond to nature and open space areas.75  Novel methods, such as using 

the spatial variation in the density of geo-tagged photographs uploaded to Panoramio or 

Flickr to estimate the spatial spread of tourism value generated by tourism attractions, have 

been used with success in different countries around the world and are appropriate for use 

in ecosystem accounting, if exchange values are determined.  This is the method that was 

used in conjunction with tourism data to estimate and map the nature based tourism value 

of Namibia (see Box 3.3).  Geo-tagged imagery can provide information about the places 

depicted in the photographs, as well as the interests, behaviours and mobility of the people 

who took the photographs.76  

 

An advantage of this approach is that data are often free and quicker to access than by 

traditional means (e.g. surveys).  Furthermore, it holds “big data”77, because an enormous 

amount of information is submitted by millions of users worldwide.  This “big data” is 

available through virtual sources which can be utilised by academics, consultants and 

organisations that are looking to evaluate people’s preference for certain natural 

commodities.78  For instance, thirteen billion images have been uploaded onto Flickr by 

Yahoo, to its public database alone.  Therefore the use of the geo-tagged photo data method 

                                                           
73  Hill GW & Courtney PR (2006) Demand analysis projections for recreational visits to countryside woodlands in 

Great Britain. Forestry 79: 185–200. 
74  Raudsepp-Hearne C, Peterson GD & Bennett EM (2010) Ecosystem service bundles for analysing trade-offs in 

diverse landscapes. Proceedings of the National Academy of Sciences of the United States of America; Chan et al. 
(2011) Cultural Services and non-use values. In: Karieva et al. (Eds.) Natural Capital: Theory & Practice of Mapping 
Ecosystem Services. Oxford University Press Inc., New York; O’Farrell PJ et al. 2011. The possibilities and pitfalls 
presented by a pragmatic approach to ecosystem service valuation in an arid biodiversity hotspot. Journal of Arid 
Environments 75: 612–623. 

75  Wood SA, Guerry AD & Lacayo M (2013) Using social media to quantify nature-based tourism and recreation. 

Scientific Reports 3: 2976 
76  Andrienko et al. 2009. Analysis of community-contributed space- and time-referenced data: example of Flickr 

photos. Proceedings of the IEEE Symposium on Visual Analytics Science and Technology 
77  Goes PB (2014) Big Data and IS Research, MIS Quarterly, Academic Search Premier, 38(3): iii-viii. 
78  Alfaro RWF (2015) Evaluation of cultural ecosystem aesthetic value of the state of Nebraska by mapping geo-

tagged photographs from social media data of Panoramio and Flickr. Community and Regional Planning Program: 
Student Projects and Theses. Paper 34. 
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is based on the premise that the numbers of photographs uploaded to these sites are 

correlated with the recreational value of different areas.79  

 

Box 3.3.  The value of Namibia’s nature-based tourism industry80 

The valuation and mapping of nature-based tourism value in Namibia involved isolating the value of 

nature from other forms of tourism such as medical and business tourism and then working out a 

way to determine spatially where this value lies across the country.  While data from national parks 

provides an indication of the value of the protected area network specifically, it does not reflect the 

value associated with the self-drive tourism industry that forms a considerable part of the overall 

nature-based tourism value in Namibia where many of the valued landscapes are not necessarily in 

national parks where tourists pay entrance fees.  Much of the expenditure for self-drive holidays 

occurs upfront and in urban centres (e.g. car and camping equipment hire, fuel, grocery shopping).  

Therefore relying purely on where money is spent does not give an accurate representation of 

where the value truly lies.  

 

For this national assessment, the spatial distribution of tourism value was mapped using InVEST 

Recreation Model 3.2.2 (www.naturalcapitalproject.org).  This model uses geo-tagged photographs 

uploaded on the website Flickr in order to estimate the relative value of tourism/recreation across 

an area.  The model then calculates the average annual photo-user-days (PUDs) for each grid cell 

(here we used a 10 x 10 km grid) across the period 2005-2014.  The model uses the 

latitude/longitude data from 

photographs as well as the 

photographer’s user-name and photo 

date to calculate PUDs.  One PUD is 

one unique photographer who took at 

least one photo in a specific location 

on a single day.  This minimises the 

duplicated counts due to one 

photographer taking multiple photos 

at any given site.  The value within 

each grid cell was converted to points 

at the centroid of each grid cell.  

These point values were then spread 

across Namibia using inverse distance 

weighted interpolation to smooth the 

pattern across the landscape and 

identify hotspots of tourism value.  

This map provides a visual estimate of 

the distribution of visitation, and 

therefore value across the country.   

 

The value to be spread across the map of photos densities needed to encompass all forms of 

nature-based tourism.  Most tourism reports only divide tourist spending into the primary reason 

for visiting Namibia, namely “holiday”, “visiting family and friends”, “business” or “other”.  The 

problem with this is that tourists whose primary reason for travelling to Namibia was not for leisure 

                                                           
79  Casalegno S, Igner R, DeSilvey C & Gaston KJ (2013) Spatial covariance between aesthetic value and ecosystem 

services. PloS ONE 8: e68437. 
80  Forsythe et al. (no 65 above) 

 Figure 3.3.  Distribution of tourism value (N$/km2/y) 
across Namibia as a function of the number 
of Photo User Days 
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also visit natural attractions. In addition, not all leisure tourists spend their money on seeing natural 

attractions.  Nature-based spending is also likely influenced by whether or not the tourist is 

international or domestic.  We estimated the nature-based spending of different tourists based on 

data collated from various tourism reports.81  We used information on the main activities 

undertaken by visitors to estimate what percentage of visitors took part in nature-based activities. 

The only data available to estimate was in the form of a structured list of activities which are 

included in tourist exit surveys (MET 2013 & 2016).  These surveys were not designed to specifically 

estimate the percentage of nature-based tourism spending and as such, this does not give an 

indication of the relative importance of different activities as tourists are able to select numerous 

activities from the list. Activities had to be grouped into nature-based activities and assumptions 

were made.  Therefore, the estimates derived using these data are likely an underestimate of total 

nature-based tourism spending.  The total value was then divided by the total number of PUDs and 

spread across Namibia.  

 

Improvements to this method include collecting more detailed tourist information from exit surveys 

to try and isolate spending by different tourist groups on natural attractions, nature based touring 

and activities more precisely.  Furthermore, future mapping exercises should rely on updated 

distributions of photos as well as data on tourist spending as and when these become available.  

 

 

3.4.2 Amenity value to property owners 

The value that residents place on open space is reflected, to an extent, in private property 

and real estate markets.  When buying a home, certain preferences for different 

characteristics are revealed through the amount that each homebuyer is willing to pay for 

the property, with homes that have a higher number of desirable characteristics usually 

selling for a higher price.  Property attributes include the physical characteristics of the home 

such as size of the living area, number of bathrooms and condition, neighbourhood 

characteristics such as access to amenities, and environmental characteristics such as scenic 

views and the amount of green open space surrounding a property.   Therefore if residents 

do value open space then it would be expected that these values should be revealed in 

property prices.   

 

Property value associated with environmental assets is generally estimated based on expert 

opinion of estate agents or using the Hedonic Pricing Method (HPM), a form of multiple 

regression analysis. The HPM is usually used in conjunction with spatial data and can be 

conducted at the level of individual green features, small towns or at the city scale. The HPM 

assumes that the final price of a good is a function of the values of the individual 

attributes.82  Therefore the method is used to measure the implicit value of a property’s 

underlying characteristics.  A HPM relates the market price of a property to these attributes, 

                                                           
81  World Travel and Tourism Council (WTTC). 2014. Travel and Tourism Economic Impact 2014: Namibia; MET (2014) 

Tourist Statistical Report. Report by Ministry of Environment and Tourism, Windhoek; MET (2013)  Report on the 
Namibia Tourist Exit Survey 2012-2013, Produced by Millennium Challenge Account for the Directorate of 
Tourism, Windhoek; MET (2016) Namibia Domestic Tourism Expenditure Survey 2015. Report by Ministry of 
Environment and Tourism, Windhoek. 

82  Rosen S (1974) Hedonic prices and implicit markets: product differentiation in pure competition. The Journal of 
Political Economy 82: 34-55. 
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with each property owner choosing their property based on utility maximisation given by the 

price function.83  Using standard hedonic theory each property can then be defined by its 

structural, neighbourhood and environmental characteristics. 

 

In order to assign a value to open space it becomes necessary to calculate the premium 

associated with this open space, aggregate the model results and then determine spatially 

the value associated with each area of open space in the study area.  This can be achieved by 

using the estimated model coefficients. The aggregate effect of open space can then be 

estimated by applying the regression results to the entire stock of residential houses within a 

given study area.   The value (e.g. US$/ha) associated with each area of open space can then 

be calculated based on total premiums and the total amount of open space present within 

the spatially defined study area.  

 

Refer to Box 2.5 for an example demonstrating the use of the hedonic pricing method to 

value green open space in Durban, South Africa. Urban areas were not included in the recent 

Namibian national assessment of ecosystem services and therefore the amenity value to 

property owners was not quantified. Should this value be estimated in Namibia in the future, 

having access to well organised and detailed property datasets is essential for conducting a 

comprehensive hedonic analysis.   

 

3.4.3 Option, existence and bequest value 

Beyond tourism and property values, people often derive value merely from the knowledge 

that nature exists and that it can be enjoyed by future generations. In a way existence and 

bequest values represent the value of Namibia’s biodiversity.   These are notoriously difficult 

or impossible to value fully in monetary terms.  Most valuation studies use stated preference 

methods to determine the existence or bequest value of ecosystems.  However, the 

estimation of non-use values using stated preference techniques are not appropriate for use 

in ecosystem accounting.  

 

While these values were recognised and discussed qualitatively as part of the Namibia 

assessment, they were not valued in monetary terms.  The SEEA EEA technical 

recommendations have recently made it clear that while non-use values fall within the scope 

of the ecosystem accounting framework, the extent to which they can be captured using an 

exchange value approach remains unknown and requires further research.84  

 

 

 

 

 

                                                           
83  Anderson ST & West SE (2006) Open space, residential property values, and spatial context. Regional Science and 

Urban Economics 36: 773-789. 
84  United Nations, 2017. SEEA Experimental Ecosystem Accounting: Technical Recommendations. Prepared as part 

of the joint UNEP / UNSD / CBD project on Advancing Natural Capital Accounting funded by NORAD.  Available at: 
https://seea.un.org/sites/seea.un.org/files/Presentations/Training_China_2017/seea_eea_tech_rec_final_v3.2_1
6oct2017.pdf. 
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3.5 Regulating services 

Regulating services relate to the capacity of natural and semi-natural ecosystems to regulate 

essential ecological processes and life-support systems through bio-geochemical cycles and 

biospheric processes.85  Regulating services enable natural ecosystems to supply provisioning 

services such as food and water as they maintain the capacity of system to continue to 

function over a range of conditions.86  They have been identified by the Millennium 

Ecosystem Assessment (MEA) as the least understood but potentially most valuable of 

services provided by ecosystems.87  In addition to maintaining ecosystem health, these 

regulation functions provide numerous services that have direct and indirect benefits, such 

as clean water and air, soil development and stabilisation, climate regulation, agricultural 

support and biological control.  However, because many of the benefits are indirect, they are 

often not recognised until they are degraded, disturbed or completely lost.88 

 

Regulating services tend to be more difficult to value than provisioning and cultural services, 

since their values are not as direct, and are often linked to landscape-scale processes. As a 

result, regulating services tend to receive less attention in valuation studies.  In Namibia 

regulating services are still not very well understood in physical terms, and more rigorous 

modelling and empirical work is required to improve estimates that currently exist.  In the 

ecosystem valuation literature the more commonly-valued regulating services tend to be 

carbon sequestration/storage, pollination and nursery value.   Hydrology-related services 

(flow regulation, the control of sediments and erosion) and mediation services (amelioration 

of water and air quality and nuisances), the control of pests and disease remain poorly 

understood. This is largely because the estimation of most regulating services is data-

intensive and often requires the use of sophisticated modelling.   

 

3.5.1 Flow regulation  

Vegetative cover and wetlands slow the movement of water through the landscape, which, 

particularly in the case of wetlands, reduces flood peaks89 and in the case of vegetation 

cover, facilitates infiltration of rainfall into the soil to recharge groundwater aquifers and 

maintain dry season stream flows.90  Without these services, runoff during high rainfall 

events would be greater, flood damages higher, and the overall yields of water supply 

systems would be lower.  Flow regulation services are complex and their estimation is 

challenging.  

                                                           
85  De Groot RS, Wilson MA & Boumans RMJ (2002) A typology for the classification, description and valuation of 

ecosystem functions, goods and services. Ecological Economics 41: 393– 408. 
86  Simonit S & Perrings C (2011) Sustainability and the value of the ‘regulating’ services: Wetlands and water quality 

in Lake Victoria. Ecological Economics 70: 1189–1199. 
87  Millennium Ecosystem Assessment (MEA, 2005) Ecosystems and Human well-being: Biodiversity Synthesis. World 

Resources Institute, Washington, DC.; Simonit & Perrings (as above no 81) 
88  De Groot et al. (as above no 80) 
89  Krasnostein AL, Oldham CE (2004) Predicting wetland water storage. Water Resour. Res. 40: W10203. 
90  Brauman KA, Daily GC, Duarte KT, Mooney HA (2007) The nature and value of ecosystem Services: an overview 

highlighting hydrologic services. Annu Rev. Environ. Resour. 32: 67–98. 
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Flood attenuation 

The combination of weather-related (e.g. rainfall intensity, extent and duration) and 

geophysical (e.g. catchment size, geomorphology, soil and land use) characteristics are the 

main factors that influence flooding.  Natural systems such as wetlands and rivers or 

ecosystems with deep permeable soils can regulate flows through the landscape by slowing 

flows by means of storage and vegetative resistance and facilitating infiltration into soils.  In 

this way these systems ameliorate the potential impacts of flood events by reducing the 

flood peaks and lengthening the flood period at a lower level, reducing bank and streambed 

erosion,91 as well as reducing the risk of damage caused by flooding of downstream areas.  

The key factors influencing storm peak mitigation are canopy interception, soil infiltration, 

soil water storage and location in the landscape.   

 

Ecosystems, such as wetlands, floodplains and forests, affect the water balance within a river 

catchment through interception, evaporation and infiltration.92 Interception depends on the 

structure of the land and vegetation above ground (i.e. land cover) and infiltration is strongly 

influenced by soil properties.93  Surface runoff, which is the main factor for flood formation, 

is also strongly influenced by other abiotic factors such as topography.  Hydrologic 

ecosystem services can have preventive or mitigating functions.94  Certain land cover, such 

as forests and deep permeable soils, are able to redirect or absorb incoming water and 

rainfall ultimately reducing surface runoff and the amount of water entering river systems.  

Other ecosystems, such as floodplains and wetlands, provide storm peak mitigation services.  

These ecosystems provide retention space for any excess water, thereby slowing flows and 

reducing the impact and power of the flood.  Therefore the conversion of forests and 

wetlands into agricultural or developed land increases the amount of hardened surface 

thereby increasing the volume of runoff and flooding associated with storm events.95  

 

Hydrological models can be used to predict the magnitude of particular floods and to 

quantify the link between changes in land use and land cover, and flood risk. Using this 

approach the severity of flooding in terms of water volumes and flow rates, and 

corresponding damages from the storm event can be estimated.  Hydrological models 

therefore provide the opportunity to define the capacities of different land cover types to 

supply flood regulation.  The models are often complicated, and data and time-intensive.    

It should be noted that when using such models, calibration to observed data is an 

important step in validating the outputs.  Without such calibration and validation, model 

outputs can only be used to indicate areas of relative higher value, but cannot provide 

accurate physical values used for valuing the service.  Parameters in all models should be 

                                                           
91  Vellidis G, Lowrance R, Gay P & Hubbard RK (2003) Nutrient transport in a restored riparian wetland. Journal of 

Environmental Quality 32:711–726. 
92  Nedkov S & Burkhard B (2012) Flood regulating ecosystem services – mapping supply and demand, in the Etropole 

municipality, Bulgaria. Ecological Indicators 21: 67-79. 
93  Brauman KA, Daily GC, Duarte TK & Mooney HA (2007) The nature and value of ecosystem services: an overview 

highlighting hydrological services. Annual Review of Environment and Resources 32: 67-98; Nedkov & Burkhard 
(no 87 above) 

94  Nedkov & Burkhard (no 87 above) 
95  Kareiva P, Tallis H, Ricketts TH, Daily GC & Polasky S (2011) Natural Capital: Theory and practice of mapping 

ecosystem services. Oxford University Press Inc., New York. 
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based on locally derived data wherever possible to increase model accuracy, rather than 

global estimates or estimates from the literature.  

 

The flood attenuation service can be valued using the lower of either flood damages avoided 

or the cost of replacing the service.  The avoided damage costs are the extra costs that 

would be incurred in the form of incremental losses from increased flooding if the natural 

ecosystems were transformed.  The replacement cost method involves estimating the costs 

of infrastructure that would be required to provide the same level of flood mitigation as the 

natural systems.  The flood attenuation capacity of wetlands is usually valued using 

replacement costs, also under the assumption that this service could be replaced by built 

storage capacity.  In the urban context, as more land becomes transformed, cities tend to 

respond to the resultant increased flood risk by implementing engineering solutions such as 

changes to the stormwater infrastructure. In this case, the service can be valued in terms of 

averted expenditure on flood protection.96 This approach, however, requires (a) detailed 

hydrological modelling and (b) detailed information and hydraulic modelling of a range of 

types of flood protection infrastructure, making it feasible at a relatively small scale, such as 

for urban areas.  

 

Box 3.4.  Valuing flood attenuation in Namibia97  

In Namibia relatively little work has been carried out on the different aspects of flow regulation 

and there is a lack of comprehensive modelling studies or empirical valuation work in this area.  In 

the absence of adequate data and due to time constraints, only a qualitative assessment of flood 

attenuation was conducted during the national assessment.  The qualitative assessment described 

and mapped where this service might currently be of value across Namibia. 

   

Estimating the flood retention value of Namibia’s wetlands would involve determining the cost of 

replacing the service or the value of the damages avoided.  In order to estimate the value using 

the replacement cost, it would be important to determine the demand for this service by 

establishing whether infrastructure exists within downstream flood risk areas.  Without these data 

it is hard to estimate the value of this service.  Estimating the flood retention value of Namibia’s 

wetlands would first entail mapping all wetlands, estimating their holding capacity and then 

model the potential impact of downstream flow during storm events if the wetlands were not 

present.  This type of modelling often requires detailed data on rainfall events, landscape 

topography, substrate types and flow patterns and rates as well as wetland characteristics.  This 

would give an indication of the physical capacity of Namibia’s wetlands to attenuate floodwaters 

and any potential downstream impacts. It would also be necessary to determine the demand for 

this service which would entail identifying downstream beneficiaries.   

 

In order to replace the attenuation function of the wetlands it would be necessary to construct 

dams with similar storage size.  The cost of this can be estimated through taking the annualised 

value per m3 of building a dam.  Another approach would be to value the flood damages that 

                                                           
96  Turpie, J.K., Letley, G., Chrystal, R., Corbella, S., Stretch, D., 2017. A spatial valuation of the natural and semi-

natural open space areas in eThekwini Municipality. Case studies for promoting green urban development in 
Africa: enhancing the relationship between urbanization, environmental assets and ecosystem services. Report 
prepared by Anchor Environmental Consultants, Cape Town. 

97  Forsythe et al. (no 65 above) 
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would occur if the wetlands did not exist.  The costs may include replacing infrastructure such as 

houses, bridges and roads as well as the value of crops and domestic animals that might be lost 

due to floods.  This approach is more difficult and requires detailed information on the nature of 

downstream infrastructure.  

 

Groundwater recharge 

The landscape capacity for infiltration of rainfall also contributes to groundwater supply 

and/or dry season surface flows in areas downstream.  Dry-season flows are critical to 

aquatic ecosystem health, as well as to rural populations that are directly reliant on rivers, 

springs and boreholes for irrigation, domestic use and livestock watering.   

 

When rain falls most of it is evaporated, drains into rivers and streams or is utilised by 

vegetation.98  The water that does fall onto the ground (and even some of the water that 

flows through rivers and streams) infiltrates through the unsaturated zone, eventually 

reaching the water table and becoming part of the groundwater reserves, where it is 

stored.99  The quantity and quality of groundwater recharge is largely dependent on land 

use, vegetation cover, soil texture, slope and the physical properties of local aquifers. 

Vegetation cover has a significant influence on how much water drains into the soil and how 

much is lost to runoff.   

 

Groundwater resources have a sustainable yield which can be quantified as the amount that 

can be abstracted from the resource without comprising the functioning of the resource and 

ecosystem.  While this sustainable yield should equal the amount of recharge occurring, not 

all of the recharge is mediated through ecosystem functioning.  In order to achieve this one 

needs data on the proportion of recharge that was due to the presence of vegetation.  It is 

ideal to use factors that are specific to the local biomes.  Failing this, factors can be derived 

from the literature to estimate the contribution of different biomes to the proportion of 

recharge taking place.  Groundwater recharge facilitated by vegetation can be valued as the 

cost of replacing that level of groundwater recharge through engineered solutions such as 

pumping water directly into the aquifer or creating infiltration dams, or as the replacement 

cost of the equivalent artificial surface storage capacity.   

 

For the Namibian national assessment of ecosystem services, a preliminary groundwater 

recharge model was constructed based on best available data (Box 3.5).  While there is still 

much more research needed in this area to generate comprehensive estimates of the 

groundwater recharge at a national scale, this first attempt at least provides an indication of 

the areas in which groundwater recharge is likely to be significant.   

 

 

 

 

                                                           
98  Mendelsohn J, Jarivs A, Roberts C & Roberston T (2002) Atlas of Namibia. Cape Town: David Phillip Publishers. 
99  van Vuuren O. 2011. Groundwater: a Namibian perspective. Report by GIZ, Windhoek 118 pp. 
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Box 3.5. The value of groundwater recharge in Namibia100  

A simple groundwater recharge model was developed for Namibia using data collated from the 

literature and available spatial datasets.  Sustainable yields were estimated using a set of 

assumptions based on rainfall, soil porosity and vegetation types.  It was assumed that the 

percentage of rainfall that infiltrates into the ground across Namibia is approximately 2%.101  Soil 

types were broadly divided into porous sand-like soils and non-porous soils based on the soil map 

of Namibia.102 This percentage infiltration was adjusted up or down based on soil porosity.  

Vegetation types were grouped into “desert”, “sparse vegetation”, “savanna with <10% canopy 

cover” and “savanna with >10% canopy cover”.  We assumed that intermediate tree cover 

maximised groundwater recharge based on curves provided in Ilstedt et al.103  The simplified 

model used borehole yield data from Mendelson et al.104  was used to estimate the distribution of 

the demand for groundwater resources across Namibia.  

 

The recharge value was estimated based on the minimum of the sustainable yields and the 

estimated demand (borehole yield).  This simplified model did not consider connectivity between 

aquifers, or deep and fractured 

aquifers and worked off the 

simplified assumption that rainfall 

and infiltration occurring within 

the immediate vicinity (5x5 km 

grid) affects the availability of 

groundwater locally.  The value of 

the water was taken as the raw 

cost per m3 of extracting 

groundwater, using costs from the 

Western Cape in South Africa.  If 

abstraction happens to be 

occurring from deeper, older 

aquifers, it is likely that the 

sustainable yields could be higher, 

but also that less of the value is 

attributable to the presence of 

vegetation.   

 

Groundwater recharge is a 

complex science and in order to estimate this service more accurately, detailed scientific studies 

measuring recharge rates across the country and more accurate demand data are required.  

 

 

                                                           
100  Forsythe et al. (no 65 above) 
101  Heyns P, Montgomery S, Pallett J, Seerly M (1998). Namibia’s water: A decision makers’ guide. Desert Research 

Foundation of Namibia and Department of Water Affairs, Namibia 173 pp. 
102  Mendelsohn et al. (no 93 above) 
103  Ilstedt U, Bargues Tobella A, Bazie HR, Bayala E, Verbeeten E, Nyberg G, Sanou J, Benegas L, Murdiyarso D, Laudon 

H, Sheil D & Malmer A (2016) Intermediate tree cover can maximise groundwater recharge in the seasonally dry 
tropics. Scientific Reports 6: 21930. 

104  Mendelsohn et al. (no 93 above) 

 Figure 3.4.   Estimate of the value of groundwater 
recharge (N$/km2/y) across Namibia 
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3.5.2 Erosion control and sediment retention 

The control of erosion and sedimentation involves the prevention of soil loss by vegetative 

cover and the trapping of eroded sediments by vegetation and wetlands, the benefit of 

which is the avoidance of sedimentation of downstream aquatic ecosystems and reservoirs.   

 

Agricultural expansion, encroachment into natural wetlands and the removal of natural 

vegetation result in elevated levels of erosion and subsequent increases in sediment loads 

being carried downstream.  The total sediment load being transported in rivers is made up of 

bed load, suspended load and dissolved load. The bed load is the portion that is transported 

along the river bed, is coarse and generally moves at velocities slower than the flow. The 

suspended load is particulate sediment that is held in the water column, and is made up of 

smaller particles such as clay and fine silt. The dissolved sediment load is the material that is 

chemically carried in the water.  When flow speeds drop—when rivers enter dams, lakes, 

wetlands or estuaries—the loads that are carried tend to drop out of suspension and 

accumulate, with the smallest particles taking longest to settle out. In this section, we focus 

on the problem of erosion and sedimentation.  Elevated loads of suspended sediments also 

contribute to water quality problems, which are addressed in the water quality amelioration 

section.  

 

The extent to which sediments end up in river systems is determined by a number of factors 

including soils, rainfall patterns (amount and intensity), slope and the type and amount of 

vegetative cover.  Vegetative cover prevents erosion by stabilizing soil and by intercepting 

rainfall, thereby reducing its erosivity.105  This is particularly valuable where soils are highly 

erodible.  Vegetated areas, especially wetlands, may also capture the sediments that are 

eroded from agricultural and degraded lands and transported in surface flows, preventing 

them from entering streams and rivers.106  This protects downstream areas from the impacts 

of sedimentation, which can include impacts on water storage capacity, hydropower 

generation and navigability of rivers.107  While some level of sedimentation of dams is 

expected under natural conditions and planned for, elevated catchment erosion either 

incurs dredging costs or shortens the projected lifespan of dams and related infrastructure.  

Globally, anthropogenic sedimentation has been estimated to account for about 37% of the 

annual costs of dams (i.e. $21 billion) in terms of replacement costs.108  In urban contexts, 

elevated sediment loads also have to be removed from sewerage systems, storm water 

drainage systems and harbours.   

 

                                                           
105  De Groot et al.  (Above no 80) 
106  Blumenfeld et al. (2009) Water, Wetlands and Forests. A Review of Ecological, Economic and Policy Linkages. 

Secretariat of the Convention on Biological Diversity and Secretariat of the Ramsar Convention on Wetlands, 
Montreal and Gland; Conte M, Ennaanay D, Mendoza G, Walter MT, Wolny S, Freyberg D, Nelson E & Solorzano L. 
(2011) Chapter 6: Retention of nutrients and sediment by vegetation. In: Kareiva et al. (eds) Natural Capital: 
theory and practice of mapping ecosystem services. Oxford University Press Inc., New York. 

107  Pimentel, D., C. Harvey, P. Resosudarmo, K. Sinclair, D. Kurz, M., McNair, S. Crist, L. Shpritz, L. Fitton, R. Saffouri, 
and R. Blair. 1995. Environmental and economic costs of soil erosion and conservation benefits. Science 267: 
1117–1123.  

108  Basson GR (2009) Management of siltation in existing and new reservoirs. General report, paper presented at the 
23rd Congress of the International Commission on Large Dams, Int. Com. on Large Dams, Brasilia. 
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This service is usually valued using replacement cost methods in terms of the construction 

cost of the amount of storage that would have to be constructed to prevent a similar 

amount of sediment from reaching downstream aquatic ecosystems, or using the damages 

avoided method by estimating the avoided cost of loss of dam storage capacity or in terms 

of the avoided cost of dredging.  This would involve modelling sediment yields by estimating 

the difference in sediment load at each point of interest with and without the service 

(tonnes/year) and estimating the loss of reservoir capacity with and without the service 

(m3/year).  From this the value of avoided sedimentation at points of interest can be 

determined ($/year) and the value can be mapped back to source areas based on physical 

model coefficients ($/ha/year).   

 

One of the problems is that quantifying this service requires a reference point, which is a 

problem for once-off valuation studies, particularly for regulating services.  Generally, 

estimates of current sediment yields are compared to those of a hypothetical situation in 

which the vegetation cover has either been removed or replaced with the next most likely 

land use. This problem is averted if the changes in sedimentation are estimated for actual 

changes in land cover over a defined time period. 

 

Box 3.6.  Valuing erosion control and sediment retention in Namibia109 

Within Namibia, dams play an important role in the delivery of water to the population. There are 

approximately 20 large dams that service towns and larger settlements.  The larger dams in 

Namibia such as Hardap (295 million m3) and Naute (83.6 million m3) not only provide water but 

also offer some form of flood control for downstream settlements.  Other dams such as the 

Omdel have been specifically designed to allow silt to settle from flood water and then aiding the 

silt-free water to infiltrate into the underground aquifer which is used for water supply. 

 

In order to estimate the amount of sediment that is being prevented from being washed into river 

networks and ending up in dams one would need to model the flow of water and sediment for 

each catchment.  Considering the importance of the timing of rain in determining the sediment 

run-off (due to seasonal growth of vegetation), it would be imperative to use a model that works 

on a daily time scale rather than more simplistic annual average models.  These models, are 

however, time and data intensive to develop.  The costs of sedimentation of dams could be 

estimated either as the replacement cost of lost storage capacity, or as the cost of dredging to 

remove the accumulated sediment.  Usually the replacement cost of dams is cheaper than 

dredging.  

 

In addition to lost water storage, there is the potential cost of reduced groundwater recharge 

potential if riverbeds become coated in fine particles from increased sedimentation.  In order to 

value the lost capacity for groundwater recharge, these rivers would need to be identified.  If 

these systems are ones where the groundwater aquifer it utilised, then the amount lost could be 

estimated and valued at the cost of water.  Alternatively, the cost of building a scheme such as the 

one at Omdel Dam, to supplement ground water recharge, could be used as the replacement cost.  

This analysis however would require substantial modelling to identify problem areas and to model 

the complex relationship between sediments and groundwater recharge.  

                                                           
109  Forsythe et al. (no 65 above) 
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3.5.3 Water quality amelioration  

Water quality amelioration refers to the reduction of elevated nutrients, sediments and 

pathogens that are generated by human activities, resulting in avoided treatment costs and 

downstream ecosystem degradation.110  For example, wetlands and riparian vegetation 

alongside rivers may remove some of the nutrients and sediments generated by agricultural 

activities before they enter streams and river systems.111   The anthropogenic deterioration 

of water quality also has a negative impact on the health of aquatic ecosystems and their 

capacity to deliver ecosystem services.  For example, increases in nutrient and suspended 

sediment loads entering estuaries lead to impacts on fish stocks, estuarine fishery values and 

the export of fish to marine fisheries.  Thus water quality amelioration by natural areas can 

also play an important role as a supporting service. 

 

Water quality amelioration is the removal of some of the excess nutrients and sediments 

that are generated through anthropogenic processes in the landscape and transported in 

surface water runoff and/or groundwater systems.  There are a number of different 

processes through which natural systems remove pollutants from surface and sub-surface 

flows (Figure 3.5).  Nitrogen removal is mainly through denitrification and also to some 

extent by plant uptake.  Nutrients that are introduced in dissolved form can be taken up 

directly by plants and incorporated into plant tissue as they grow.  Most of the phosphorous 

that is transported by flows is attached to sediment and settles out, where it can remain 

inactive.  However, if sediments that settle in aquatic systems are stirred up again then some 

of this phosphorous can go back into solution and become available for use by plants.  

Phosphorus is usually naturally limiting (in short supply) in freshwater systems, whereas 

nitrogen is typically limiting in marine systems and estuaries.  Therefore plant uptake uses 

up different nutrients in different systems.  The uptake of nutrients will continue as long as 

there is room for further plant growth (in terms of space, oxygen or plant size limits), after 

which the system will reach some kind of equilibrium in which the uptake is balanced by the 

senescence, death and rotting of plant material which reintroduces nutrients into the water 

column (remineralisation).  At this point there would be no further net uptake of nutrients 

by the ecosystem unless nutrients are being exported out of the system (e.g. by harvesting 

plants or dredging and removal of sediments), or unless there is a natural process of peat 

formation. 

 

                                                           
110  Conte M, Ennaanay D, Mendoza G, Walter MT, Wolny S, Freyberg D, Nelson E & Solorzano L. (2011) Chapter 6: 

Retention of nutrients and sediment by vegetation. In: Kareiva et al. (eds) Natural Capital: theory and practice of 
mapping ecosystem services. Oxford University Press Inc., New York. 

111  E.g. Mayer et al. (2007) Meta-analysis of nitrogen removal in riparian buffers. Journal of Environmental Quality 

36: 1172–1180; Liu et al. (2008) Major factors influencing the efficacy of vegetated buffers on sediment trapping: 
A review and analysis. Journal of Environmental Quality 37: 1667-1674; Blumenfeld et al. (2009) Water, Wetlands 
and Forests. A Review of Ecological, Economic and Policy Linkages. Secretariat of the Convention on Biological 
Diversity and Secretariat of the Ramsar Convention on Wetlands, Montreal and Gland; Yuan et al. (2009) A review 
of effectiveness of vegetative buffers on sediment trapping in agricultural areas. Ecohydrology 2: 321-336; Zhang 
et al. (2010). A review of vegetated buffers and a meta-analysis of their mitigation efficacy in reducing nonpoint 
source pollution. Journal of Environmental Quality 39:76-84; Weller et al. (2011). Effects of riparian buffers on 
nitrate concentrations in watershed discharges: new models and management implications. Ecological 
Applications 21: 1679–1695; Sweeney & Newbold (2014) Streamside forest buffer width needed to protect 
stream water quality, habitat, and organisms: A literature review. Journal of the American Water Resources 
Association 50(3):560-584. 
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Water quality amelioration services only have value downstream of where wastes are 

generated and wherever downstream water and ecosystem services occur that would be 

impacted by a loss of water quality.  Water quality amelioration is thus largely a supporting 

service of terrestrial and aquatic ecosystems that influences the output of final goods and 

services from downstream aquatic ecosystems as well as reducing the potential costs of 

water storage and treatment.  Studies that put a monetary value on this service frequently 

make the assumption that natural systems such as wetlands remove the total pollution input 

load.112  Accurate valuation of this service requires a much better understanding of the 

removal rates of natural systems or better evidence of its impact on the downstream costs 

or benefits.  This usually requires the use of both biophysical as well as economic analytical 

and modelling tools.113  

 

Figure 3.5.  Summary of water quality amelioration services by natural systems114  

 

 

The two benefits of this service are thus the reduced impacts on water treatment costs or 

health costs and the reduced impacts on other downstream aquatic ecosystem services.  The 

reduced impacts on water treatment costs is a final ecosystem service whereas the impact 

on downstream ecosystems is seen as an intermediate impact.  Valuing this service 

therefore takes the approach of estimating the treatment costs avoided, which is usually 

based on empirical models of the relationships between nutrient levels and treatment costs. 

                                                           
112  E.g. Emerton L, Iyango L, Luwum P & Malinga A (1998) The present economic value of the Nakivubo Urban 

Wetland, Uganda. IUCN – The World Conservation Union, Eastern Africa Regional Office, Nairobi and National 
Wetlands Programme, Wetlands Inspectorate Division, Ministry of Water, Land and Environment, Kampala;  Qian 
C & Linfei Z (2012)  Monetary Value Evaluation of Linghe River Estuarine Wetland Ecosystem Service Function. 
Energy Procedia 14: 211 – 216. 

113  Keeler BL, Polasky S, Brauman KA, Johnson KA, Finlay JC, O’Neille A, Kovacs K, Dalzell B (2012) Linking water 

quality and well-being for improved assessment and valuation of ecosystem services. Proc. Natl. Acad. Sci. U.S.A. 
109: 18619–18624. 

114  Source: author 
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However, in some cases, it has taken the form of damage costs avoided, where the 

downstream impacts would be on ecosystems.   

 

Estimating the avoided treatment costs can be done using two different approaches. The 

first approach is to model river water quality to water treatment costs (land cover – 

nutrients, sediments – treatment cost) which is a two-step estimation approach. This 

method involves physical modelling of the change in nutrient loads at each point of interest 

(m3/year) and mapping the removal back to service areas based on model coefficients 

(m3/ha/year).  The second step is the valuation which is based on the avoided treatment 

costs at each water treatment plant based on an empirical model where treatment costs are 

a function of nutrients entering water supply dams. The value is then mapped to source 

areas based on removal rates ($/ha/year).  The second approach that can be used is to 

model land cover to water treatment costs directly.  This approach requires large datasets 

and high quality land use data. The coefficients from the model translate into cost savings 

($/ha/year).   

 

In the absence of data only a qualitative assessment of this ecosystem service was 

conducted for the national assessment (Box 3.7). 

   

Box 3.7.  Valuing water quality amelioration in Nambia115  

The ability of wetlands to perform water quality amelioration services depends on their area and 

type of vegetation as well as to their overall health and management.  While natural ecosystems, 

especially wetlands can provide beneficial services, within Namibia such services are not readily 

demanded throughout most of the country.  For large parts of the country water is extracted from 

groundwater reserves, where the main water quality issues relate to high levels of dissolved 

minerals and salts.  These water quality issues arise from leaching of and are unrelated to the 

vegetative components of the ecosystems. Due to severe water shortages in parts of the country, 

Namibia has taken to recycling and treating some of its grey water as well as desalination of 

seawater for human consumption.  Again, these water sources do not benefit from any water 

quality amelioration services.  

 

Areas in which wetlands exist which are likely to be providing the service of water quality 

amelioration include the wetlands and floodplain surrounding the perennial river systems along 

Namibia’s northern and southern borders.  There have been large-scale upgrades to water 

infrastructure throughout the country which include abstraction and treatment from rivers such as 

the Kwando in the Caprivi.  These treatment works stand to benefit from the water-treatment 

amelioration services provided by wetlands along the Kwando River as well as wetlands and 

vegetated landscapes higher in the catchment within Angola. 

 

Water supply dams are also likely to benefit from amelioration.  While the water quality in 

Namibia’s dams is considered fairly good, occasional turbidity problems and algal blooms do occur.  

Degradation in the dam catchments would result in a decline in water quality with increasing 

turbidity and nutrients.  This would increase water treatment costs. Similar to the sediment 

retention value, due to the lack of wetlands along the ephemeral rivers, this value is mainly 

assigned to the landscape.  Once again it is highly dependent on the timing of the rainfall within the 

                                                           
115  Forsythe et al. (no 65 above) 
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wet season as the cover of vegetation will make a big difference to the amount of sediments and 

nutrients retained, and as a consequence, the water quality.  

 

In order to value the water quality amelioration provided by vegetated landscapes and wetlands 

across Namibia there are a number of data gaps that would need to be filled.  First the location of 

water treatment works across Namibia would need to be identified and access to their data on 

water treatment costs in relation to the incoming water quality would need to be provided.  

Hydrological based modelling techniques could then be used to model the effect of removing the 

retention ability of wetlands and the landscape and the resultant water-quality at abstractions 

points and/or dams.  Using the cost function we could then predict the increase in treatment costs 

that would be associated with a loss in function of the natural ecosystems.  Or a direct approach of 

modelling land cover and water treatment costs could be used if sufficient data was available.  

 

 

3.5.4 Carbon storage  

Climate change caused by increases in the emissions of greenhouse gases will carry a cost of 

about 2 – 7% of Gross Domestic Product (GDP) in different parts of the world by 2050.116 

Natural systems are understood to make a significant contribution to global climate 

regulation through the sequestration and storage of carbon.  About half of the biomass of 

vegetation, both above and below ground, comprises carbon.  Furthermore, carbon 

accumulates in the soils as a result of leaf litter.  When natural systems are degraded or 

cleared, much of this carbon is released into the atmosphere, especially if the degradation is 

for fuel wood production or due to burning for grazing.117   These emissions contribute to 

global climate change, which is expected to lead to changes in biodiversity and ecosystem 

functioning, changes in water availability, more frequent and severe droughts and floods, 

increases in heat-related illness, and impacts on agriculture and energy production.118   

These impacts will affect economies and human wellbeing on a global scale, but more so in 

developing countries that are more reliant on land and natural resources.119  Adaptation to 

these changes could come at a high cost.  The conservation and restoration of natural 

systems thus helps to reduce the rate at which greenhouse gases accumulate in the 

atmosphere and the consequent impacts of climate change.  This is a global benefit.  

Concerns about the loss of natural systems and the impacts of climate change have 

motivated efforts to quantify the role and value of these ecosystems in the global carbon 

cycle.   

 

Most studies tend to estimate the value of carbon stocks stored in biomass and soil, the 

physical estimates for which are readily available from both field and satellite imagery-based 

                                                           
116  Fankhauser S & Tol RSJ (1997) The Social Costs of Climate Change: The IPCC Second Assessment Report and 

Beyond. Mitigation and Adaptation Strategies for Global Change 1(4): 385–403. 
117  Hoffa EA, Ward D, Hao W, Susott R & Wakimoto R (1999) Seasonality of Carbon Emissions from Biomass Burning 

in a Zambian Savanna. Journal of Geophysical Research: Atmospheres, 104(D11), 13841-13853. 
118   IPCC (2007) Climate Change 2007: The Physical Science Basis. Contribution of Working Group I to the Fourth 

Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge University Press, Cambridge, 
United Kingdom and New York, NY, USA. 

119   Tol RSJ (2012) On the Uncertainty about the Total Economic Impact of Climate Change. Environmental Resource 
Economics 53: 97–116. 
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studies.  Carbon storage can be valued either by using the avoided damage cost approach, 

based on estimates of the global social cost of carbon, or the market value of carbon in 

trading.  This usually involves multiplying the total amount of ecosystem carbon by a global 

social cost value per ton of CO2.  Some studies have also taken the approach of estimating 

the total value of carbon storage based on scaled-down estimates of GDP impacts.  This 

approach provides a more realistic value when considering the benefits from a national 

perspective and was the approach taken for the Namibian assessment (Box 3.8). 

 

Box 3.8.  The value of carbon storage in Namibia120  

The IPCC-Tier 1 Global Biomass Carbon Map for the year 2000121 was used to estimate the amount 

of carbon stored in Namibia’s ecosystem as these were the only currently available spatially explicit 

carbon maps available for the country.  This map estimated the carbon stored in both above and 

below ground living vegetation based on vegetation types identified through satellite imagery in 

addition to scientific literature.  These estimates could be improved by more detailed mapping of 

Namibia’s carbon pools, as well as locally derived estimated of long-term sequestration.   

 

The benefit to Namibia of maintaining its ecosystems is the sum of local damage costs avoided to 

the rest of the world.  The global cost of carbon was used and updated to 2015 Namibian dollars 

and applied to the CO2 that could be released from the carbon stored within the ecosystems of 

Namibia.  Nordhaus122 estimated that only 3% of this social cost would be borne in Africa.  To 

estimate the proportion of this cost that might be incurred within Namibia we used Namibia’s 

proportional GDP contribution to 

Africa, scaled by level of 

vulnerability to climate change.  

The Notre Dame Global 

Adaptation Initiative (ND-GAIN) 

vulnerability index was used to 

scale GDP contributions across 

Africa.  The vulnerability index 

measures a country's exposure 

and sensitivity to negative impacts 

of climate change.  The overall 

vulnerability index is scored based 

on six life-supporting sectors; 

food, water, health, ecosystem 

services, human habitat and 

infrastructure.  Based on this 

index, it was estimated that 

Namibia is likely to bear only 

0.002% of the global social cost of 

each ton of carbon emitted.   

 

                                                           
120  Forsythe et al. (no 65 above) 
121  Ruesch A & Gibbs HK (2008) New IPCC Tier1 Global Biomass Carbon Map For the Year 2000. Available online from 

the Carbon Dioxide Information Analysis Center [http://cdiac.ornl.gov], Oak Ridge National Laboratory, Oak Ridge, 
Tennessee. 

122  Nordhaus WD (2017) Revisiting the social cost of carbon. Proceedings of the National Academy of Science 144 (7): 
1518-1523. 

Figure 3.6.   Distribution of value (N$/km2) of vegetative 
biomass carbon density across Namibia 
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3.5.5 Agricultural support  

Natural habitats support organisms that provide agricultural support services in the form of 

pollination and the control of agricultural pests.  A majority of commercial crops are 

dependent upon honeybee pollination in order to produce fruit and seed, and as much as 

30% of worldwide food production is reliant upon this service.123  However, there has been 

relatively little empirical research carried out on natural systems’ contribution to pest 

control.   

 

The pollination service applies only to insect-pollinated crops (i.e. fruits and vegetables) and 

does not include crops such as maize. Producers may be partly or entirely dependent on this 

service.  The value of this service is attributed to the natural habitat surrounding agricultural 

crops that supports the pollinators.  Quantifying this service is complicated by the fact that 

farmers also use managed bee hives which are partly dependent on natural ecosystems. In 

addition, honey bees are co-dependent on the crops that they pollinate.  

 

A number of different approaches are used in valuing this service. Pollination has commonly 

been estimated using the “bee factor” approach which involves estimating the percentage 

dependency of crop production on pollination. However, this approach is not ideal as there 

are problems of attribution of value.  A more realistic approach is to use replacement cost 

methods, where the value of the service is estimated in terms of the additional input costs 

that would be incurred if pollinators were no longer present (i.e. the service was lost) and 

hand pollination would be required to replace the service provided by bees, or beehives 

would need to be hired.  This approach uses cost estimates of hand pollination, labour and 

pollen, or the cost associated with hiring beehives.  However, this approach is also likely to 

overestimate the value of the service and tends to be more applicable in large-scale 

agricultural areas where farmers already pay for pollination services, e.g. managed honey 

bees.  The most accurate assessment would be to use empirical valuation methods that use 

economic production models which relate physical yields of a given crop to variations in the 

supply of pollination services.  Therefore this approach measures the additional production 

by comparing crop areas close to wild habitats with areas further away. The difference in 

production output can then be attributed to wild pollinator services and pest control 

services. This method, however, has onerous data requirements and cannot be separated 

from the pest control service.  

 

Because the valuation of ecosystem services in Namibia has focused mainly on natural 

ecosystems, pollination has been included as a service (i.e. contribution towards improving 

crop yield`s) instead of including crop production, and therefore avoiding double counting.  

However, within the ecosystem accounting framework, pollination is regarded as an 

intermediate service that has the benefit of increasing crop production.  Crop production is 

therefore seen as the final ecosystem service with the benefit being the amount of 

harvested crops at the end of the growing season.124   

                                                           
123  De Groot et al.  (Above no 80); Kremen C, Williams NM & Thorp RW (2002). Crop pollination from native bees at 

risk from agricultural intensification. Proceedings of the National Academy of Sciences 99:16812-16816. 
124  United Nations (above no 79) 
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Animals residing in natural habitats also provide some degree of biological control of 

agricultural pests through predation.  If natural areas become degraded or transformed then 

it is likely that pest damages would increase resulting in lower crop yields and increased 

expenditure on control methods, e.g. insecticides.  However, estimates of this service are 

rare.125  Estimates of value are usually calculated using factors from the literature of benefit 

transfer methods.  

 

In the absence of data only a qualitative assessment of pollination and a simple estimate of 

crop pest control could be made during the Namibia national assessment (see Box 3.9). 

 

Box 3.9.  Pollination and biological pest control services in Namibia126  

Most of the agricultural land in Namibia is dedicated to livestock farming, however, some large 

tracts of land have been cleared for cultivation.  The largest areas of cultivated land are found in 

the northern communal areas.  The main crops grown within these areas are dryland cultivation of 

cereal crops such as mahangu (pearl millet), maize and wheat.  These crops are all wind pollinated 

and therefore do not benefit from any pollination service provided by wild insects.  Currently 

there are a few concentrations of irrigated agriculture in Namibia, mainly along rivers, below 

dams or around artisanal water sources.  The non-cereal and fodder crops grown in irrigated 

agricultural schemes are comprised mainly of leafy green vegetables in the northern regions and 

grapes and dates in the southern regions.  Other crops include potatoes, onions and tomatoes. 

The proportions of crops that may rely on wild pollinators make up a small fraction of an already 

small industry.   

 

There is some small-scale bee keeping 

(for honey) occurring throughout 

Namibia, however there are no 

commercial businesses offering 

pollination services to farmers to 

increase production.  The majority of 

pollination is likely occurring through 

either hand or wild insect pollination.  

Despite no spatial data on the 

distribution of crop types throughout 

Namibia, the value of wild pollination 

services would likely be attributable 

to the natural vegetation surrounding 

irrigated areas indicated in Figure 

3.7.  There would also be a smaller 

value attributable to natural 

vegetation surrounding subsistence 

vegetable gardens.  

 

A preliminary estimate of the value of control of agricultural pests was made by using estimates 

                                                           
125  Jonsson M, Wratten S, Landis D & Gurr G (2008) Recent advances in conservation biological control of arthropods 

by arthropods. Biological Control 45:172–175. 
126  Forsythe et al. (no 65 above) 

  Figure 3.7. Area cleared for cultivation and the main 
irrigation areas across Namibia 
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on the effect of pest control on crop production taken from a study conducted in the USA (4.24%; 

Losey & Vaughan 2006). This estimate was applied to the value of production of crops in Namibia 

(based on production and price of white maize, mahungu (pearl millet), wheat and 

horticulture127).   

 

In order to conduct a more thorough assessment of the agricultural support ecosystem services 

across Namibia further information and research is required.  The first step requires more detailed 

mapping of crops across the country including information on whether crops might benefit from 

wild pollination or not.  Whether or not crop species are likely to benefit from wild pollination can 

be drawn from the literature (e.g. Klein et al.128).  Both these types of crops would need to be 

identified and mapped separately. In addition these areas need to be further divided into 

commercial and small-scale subsistence farming.  Natural areas adjacent to each of these crop 

areas would then need to be mapped.  The width of the buffer around cropped areas should be 

derived from local literature on pollination distances for wild pollinators if possible, otherwise 

regional or international values could be used.  A 2 km buffer has been used in other studies as 

this represents a reasonable foraging distance for insects.129  For pollination, distances could be 

assigned based on proxies such as using the body-size relationship between pollinator and 

foraging distance.130 

 

Estimates of the effect of wild pollination on production of crops should ideally be sourced from 

local studies.  In the absence of local data estimates from the literature for the region or similar 

vegetation/biome types could be used.  Valuing the relative contribution to production however 

should be kept separate for these two sectors, as the value of commercially produced crops that 

are sold on the market might be higher than those used for own use and or traded on the informal 

market.  Values for production could be gained by looking at the market value for commercial 

produce, whereas for subsistence use is could be estimated using prices from informal markets for 

food of similar nutritional value.  

 

The biological pest control estimates could be substantially improved by using locally-derived data 

on the impact of adjacent natural areas and wild predators.  Similar to the effect of pollination on 

crop production, any effects might also be expected to differ across different biomes or 

vegetation types.  Therefore varying estimates for different parts of the country might be required 

and should be backed-up by literature where possible.   

 

 

                                                           
127  Namibian Agronomic Board (2017) www.nab.na 
128  Klein AM, Vaissiere BE, Cane JH, Steffan-Dewenter I, Cunningham SA, Kremen C & Tscharntke T. (2007) 

Importance of pollinators in changing landscapes for world crops. Proceedings of the Royal Society B-Biological 
Sciences 274: 303-313 

129  Byrne D (1999) Migration and dispersal by the sweet potato whitefly, Bemisia tabaci. Agricultural and Forest 

Meteorology 97:309-316; Greenleaf SS & Kremen S. (2006). Wild bee species increase tomato production and 
respond differently to surrounding land use in Northern California. Biological Conservation 133:81-87; Zehnder G, 
Gurr G, Kuhne S, Wade M, Wratten S & Wyss E. (2007) Arthropod pest management in organic crops. Annual 
Review of Entomology 52:57-80; Bianchi F, Goedhart P & Bavecco J. (2008) Enhanced pest control in cabbage 
crops near forest in the Netherlands. Landscape Ecology 23:595-602; Tscharntke T, Bommarco R, Clough Y, Crist T, 
Kleijn D, Rand T, Tylianakis J, van Nouhuys S & Vidal S. (2007) Conservation biological control and enemy diversity 
on a landscape scale. Biological Control 43:294-309.  

130  Greenleaf SS, Williams NM, Winfree R & Kremen C. (2007) Bee foraging ranges and their relationship to body size. 
Oecologia 153: 589-596. 
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3.5.6 Critical habitats/refugia 

This service relates to the role played by critical habitats such as breeding areas, nursery 

areas or seasonal watering areas, for the maintenance or productivity of broader-scale 

populations that have value elsewhere.  The most well understood and measured of these is 

the value of estuaries as nursery areas for marine fisheries. However, because the Namibian 

assessment did not consider marine environments this service was not quantified.   

Refugia are habitats that convey spatial and temporal resistance and/or resilience to biotic 

communities affected by disturbances, i.e. they are survival areas during unfavourable 

conditions where the negative effects of disturbance are lower than those in the 

surrounding area (or time). Refugia also serve as a source for recruitment or recolonisation, 

i.e. sources of dispersal.  Quantitative assessments of critical habitats (with the exception of 

nursery areas) are uncommon given the onerous data requirements and the difficulty in 

attributing value.  Issues of double-counting are also a concern.   

 

In the absence of any decent spatial data only a qualitative assessment of this service was 

conducted during the national assessment (Box 3.10). 

 

Box 3.10.  Valuing refugia in Namibia131 

There are a number of important refugia in Namibia. These include Important Bird Areas (IBAs) such 

as Sandwich Harbour and Walvis Bay Lagoon, numerous ephemeral pans that are an important 

stop-over for Palearctic migrant birds, desert areas of the Kunene region where desert-adapted 

mammals such a lion, elephant and giraffe range over large distances but tourism value is only 

realised in one or two areas, and the Eastern Caprivi where wildlife move between countries thus 

contributing to maintaining the populations that are of tourism value within protected areas.  

 

In the future if one was to try and value this service the following would need to be determined: 

 Which species are providing value in one area but are also dependent upon another area 

for part of their lifecycle; 

 What are the values of these species in the area where the value is realised (locally and 

internationally);  

 How should the value be spread between the area where the value is realised and the 

other areas (refugia) they are dependent upon; and  

 How is the value affected by a change in quality of the refugia area? 

 

It is important to not double count values when determining this value.  For instance, in the 

Namibian national assessment the nature-based tourism value was determined.  If this value was 

assigned to refugia areas in addition to where the tourism value is captured then the value would 

essentially be assigned twice.  In this instance, for all species providing tourism value we assume 

that the values have been captured in the valuation of nature-based tourism.  However it is 

important to consider that these values may in reality be spread beyond just the area where the 

wildlife viewing takes place.   

 

 

                                                           
131  Forsythe et al. (no 65 above) 
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Estuaries support several species of fish that are dependent on nursery areas for at least 

their first year of life.132  The capacity of estuaries to function as nursery areas is dependent 

on the condition of their habitats and their fish stocks.  These, in turn, are dependent on the 

quantity and quality of freshwater inflows, the management of habitats, and fishing 

pressures within the estuaries.  Most estuary-dependent fish species enter estuaries as 

larvae or post larvae133 and once the estuarine dependent phase is complete, they leave for 

the marine environment where they become available to marine fisheries, and upon 

maturity contribute to the spawning stock.134   

 

A number of estuarine dependent fish species are exploited by recreational and commercial 

fisheries in the inshore marine area.   This industry is of immense importance to the 

economy of Namibia and each fish caught effectively brings in much more revenue than 

would be obtained from the commercial catching and selling of the fish.  Nursery value is 

calculated using information about fish dependence on estuaries, annual catches in marine 

fisheries and data and associated economic value of recreational and commercial fisheries.  

 

Within the ecosystem accounting framework, fisheries support is regarded as an 

intermediate service that has the benefit of increasing marine fisheries production.  Fish 

production is therefore seen as the final ecosystem service with the benefit being the 

amount of harvested marine fish at the end of each fishing season.  

 

 

 

  

  

                                                           
132  Lamberth SJ & Turpie JK (2003) The role of estuaries in South African fisheries: economic importance and 

economic implications. African Journal of Marine Science 25: 131-157.  
133   Whitfield AK & Marais JFK (1999) The ichthyofauna. In Allanson BR, Baird D (eds.). Estuaries of South Africa 

Cambridge: Cambridge University Press, pp. 209-233. 
134   Wallace JH (1975). The estuarine fishes of the east coast of South Africa. I. Species composition and length 

distribution in the estuarine and marine environments. II. Seasonal abundance and migrations. Durban, South 
Africa: Investigational Report, Oceanographic Research Institute 40: 1-72; Wallace JH (1975b) The estuarine fishes 
of the east coast of South Africa. III. Reproduction. Durban, South Africa: Investigational Report, Oceanographic 
Research Institute 41: 1-51. 
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4 ENVIRONMENTAL POLICY  

4.1 What is the optimal level of degradation? 

Most economic activity carries an external cost, for example in the form of pollution.  It is 

impossible to have production or consumption without generating wastes or having any 

impact. An external cost, or externality, occurs when one agent’s actions impact on the 

welfare (utility or profit) of another agent in a way that is unintended and uncompensated. 

Both conditions are essential for an external cost to exist. For example, if the agent was 

compensated then the cost would be said to be internalised.  Similar arguments can be 

made for extraction of natural resources, where externalities may include the loss of 

biodiversity and ecosystem services, or the opportunity cost of using the resource in future.  

A fundamental problem in environmental economics is to understand how much pollution is 

optimal.  Zero pollution results in zero production, i.e. it is not efficient.  Therefore the issue 

is to rather define the socially optimal level of production/degradation, in order to 

maximise welfare.  

 

From an economic perspective the socially 

optimal level of production is where the 

additional (‘marginal’) private benefit (or 

profit) of the last unit of production 

exactly equals the additional cost of the 

damages incurred to the rest of society 

(MNPB=MEC).  At this level the net 

benefits to society are maximised, in that 

the total profit minus the total external 

costs is maximal. 

 

Coase135 asserted that we could arrive at this optimal solution without any intervention.  

This is because the parties (e.g. polluters and sufferers) can bargain to achieve optimal 

production, regardless of who has the property rights.  In the case of a negative externality 

such as pollution, the property right to pollute could be awarded to the polluter, and the 

victim would have to offer to pay to get the polluter to reduce their production/pollution. 

Alternatively, the property right to clean air/water/etc. that is being polluted, could be 

awarded to the victim, so that the polluter would have to offer to pay the victim to be 

allowed to pollute.  However, this does not always work in reality largely because the 

principle is based on one polluter and one victim with clear property rights, which is a rare 

situation. In reality property rights are not well-defined and people are not aware of their 

rights. When large numbers are involved it is often unclear as to who the polluters and 

victims are. Often, there are inequalities of wealth between the bargaining parties with 

those suffering the most usually vulnerable communities.  The system is also open to abuse 

by opportunistic free-riders and rent-seekers.  In reality we need government interference 

                                                           
135  Coase RH 'The problem of social cost' (1960) Journal of Law & Economics 3: 1. 
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to achieve optimal production and harvests, in order to maximise welfare.  This can be 

achieved using regulation or a range of incentive measures.  The latter are discussed in more 

detail below. 

 

4.2 Environmental policy instruments  

Environmental management focuses on limiting environmental damage and encouraging 

desirable behaviour, in line with current understanding on the optimal balance between 

productive economic activity and maintaining environmental quality. Environmental policy is 

largely effected through regulation and enforcement.  Although regulation is important, 

especially where risks are high, there are many cases in which it can be more efficient and 

cost-effective to employ incentive measures to achieve management goals136.  These 

measures, which can take a number of guises (Table 4.1), influence the decisions of 

economic actors by changing the costs and benefits involved in private decisions137.  The 

choice of policy instruments will be context specific, based on both the type of problem and 

the general policy-making context, such as the nature of the economy and the reliability and 

effectiveness of relevant institutions. The various types of incentive measures and their 

design and application are an important research area in environmental resource economics 

and are discussed in more detail below. 

 

Table 4.1. Types of incentive mechanisms for reducing damaging behaviour or encouraging positive 
action 138 

 Reduce damaging action Encourage positive action 

Motivation & facilitation Recognition, information and training, “behavioural nudges” 

Enabling Well-defined property rights and institutions 

Taxes Tax on output Tax rebate 

Subsidies & rewards Subsidise abatement technology 

Subsidise/fund conservation 
action, directly (payments) or 

indirectly (provision of services 
such as alien clearing) 

Ecolabelling Performance certification, Ecolabelling 

Markets for property 
rights 

Tradeable permits for pollution 
or resource use 

 

Markets for ecosystem 
services 

Payments for ecosystem services 
(e.g. for foregoing a certain land 

use) 

Payments for ecosystem services 
(e.g. for a management action 

such as alien clearing) 

 

 

4.2.1 Motivational incentives 

Motivational incentives are not economic incentives, but their importance should not be lost 

in designing incentives for achieving management objectives. Among wealthier private 

                                                           
136   OECD (1994) The Economic Appraisal of Environmental Projects and Policies: A Practical Guide 
137   McNeely J (1998) Economics and Biological Diversity: Developing and Using Economic Incentives to Conserve 

Biological Diversity. 
138   Source: author. 
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landowners, for example, it has been shown that motivational incentives are often far more 

important than financial incentives in spurring on conservation action, and farmers respond 

well to receiving recognition for their efforts, information and educational or training 

opportunities. 139  Information and capacity-building is also very important and is often 

required in conjunction with other measures. 

 

Recent research has focused on the use of “behavioural nudges” to influence consumption 

and compliance decisions.  It has been found that these measures, which take the form of 

positive reinforcement or indirect suggestions, can be as effective as or more effective than 

legislation and enforcement. 140,141  For example, in South Africa, it has been shown that 

letting households know how their water consumption compares to their neighbours 

encourages them to make more effort to conserve water. 

 

4.2.2 Enabling incentives 

In order for incentives to be effective, the fundamentals need to be in place.  In particular, 

property rights need to be well-defined. In some cases institutional reform could be 

sufficient to achieve the desired outcome.  Property rights are integral to some of the 

market-based instruments discussed below. 

 

4.2.3 Taxes, charges and two-part instruments 

Taxes or charges can be put in place to reduce activities that incur environmental damage.  

Examples of this include carbon taxes levied on the basis of their carbon emissions, or 

effluent charges levied as a charge per unit of polluting output.  The difference between 

taxes and charges is that the former is a state fiscal instrument, whereas the latter could be 

imposed by local institutions or organisations.  In the latter case, these fees are typically paid 

into a fund that addresses the environmental problem.  Taxes and charges are relatively easy 

to implement, are effective in reducing polluting outputs, and are also a source of public 

revenue.  Some effort is required to establish the right level of taxation, since it is difficult to 

predict the actual response in the absence of information about the cost functions of the 

firms involved, and they must be constantly updated, otherwise they are vulnerable to 

decreased effectiveness through inflation.  

 

A disadvantage of taxes is that they have a negative effect on the competitiveness of firms. 

Taxes are an outlay for the industry that push up costs and make goods less competitive in 

world markets. Firms that operate in countries where there are no pollution taxes would be 

at an advantage.  Thus in some cases, it might be effective to combine taxation with 

subsidisation of abatement technology. 

 

                                                           
139  Parker (2006) Incentives for Conservation of Renosterveld on Private Farm Land. MSc thesis, University of Cape 

Town. 
140  Thaler R & Sunstein C (2008) Nudge. Penguin Books. 
141  Ferraro PJ & Price MK (2013) Using Nonpecuniary Strategies to Influence Behaviour: Evidence from a Large-Scale 

Field Experiment. The Review of Economics and Statistics 95: 64-73. 

http://ideas.repec.org/a/tpr/restat/v95y2013i1p64-73.html
http://ideas.repec.org/a/tpr/restat/v95y2013i1p64-73.html


 

 

62 

 

Taxes remain the most effective incentive measure for dealing with environmental 

problems, particularly for dealing with pollution by large numbers of emitters. They are a 

good instrument for reducing carbon emissions, air pollution and traffic congestion arising 

from private vehicles, and are also applied for reducing the consumption of plastic and other 

polluting products.  For example, the effect of taxation on fuels is to raise prices, which 

impacts on consumption choices.  Taxes are also seen as having the best chance of 

effectively addressing carbon emissions to reduce the impacts of climate change.  While 

some argue that this could have negative impacts on the poor (especially given the large 

proportion of their income spent on transport), the counter argument is that governments 

can balance this out by reducing taxation in other areas, like labour142. 

 

Figure 4.1. Relationship between fuel price and consumption in a sample of developed countries 143  

 

Two-part instruments involve the payment of a fee under the assumption that 

pollution/damage will occur, and then refunding the amount if the damage is not incurred.  

Examples include a deposit-refund system for bottles and performance bonds paid by mining 

companies to cover the costs of restoration after mine closure.  These instruments are 

particularly valuable. 

 

4.2.4 Tax breaks, subsidies and payments 

It is also possible to subsidise a firm or individual to bring about abatement of environmental 

damage, or to encourage this through a tax break or other financial assistance.  

 

Subsidies can theoretically produce the same, socially optimal, outcome as taxes. However, 

taxes are ethically better than subsidies, since they adhere to the 'polluter pays principle'. 

Redistributive emission charges represent a good compromise between the taxes and 

subsidies, as taxes paid are returned to the payee to cover abatement costs. Subsidies are 

                                                           
142   Sterner T (2012) Fuel taxes and the poor. The distributional effects of gasoline taxation and their implications for 

climate policy. 
143   Based on data in Sterner T & Coria J (2013) Policy Instruments for Environmental and Natural Resource 

Management. 
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also costly for government, as the funds need to be taken from the general fiscus. Subsidies 

are often applied by governments in order to stimulate economic activities that are 

important for employment or exports, for example.  Many of these subsidies have 

inadvertently led to environmental damage.  For example, the subsidisation of water to 

farmers has led to wasteful practices and the cultivation of marginal lands. These are 

perverse incentives that need to be re-evaluated taking their full costs into account, and 

removed where necessary. 

 

Tax breaks are a common measure used to incentivise land-owners to participate in 

conservation programmes.  This is usually a rebate on property tax, but may also take the 

form of income tax credits.  Landowners may also be incentivised through access to services 

or programmes, the provision of technical assistance, direct services such as alien clearing or 

direct payments.  The latter can be in the form of grants, purchase of conservation 

easements, 144 cost sharing, and reimbursement of expenses, or they could be set up as a 

system of Payments for Ecosystem Services (PES). 

 

PES has become one of the most popular mechanisms for influencing landowner activities in 

order to achieve goals such as the preservation of catchment hydrological processes, carbon 

sequestration or biodiversity conservation.  The Reducing Emissions from Deforestation and 

Forest Degradation (REDD+) programme developed by the UN for the mitigation of climate 

change in developing countries145 is a form of PES.  PES systems involve voluntary 

transactions where a well-defined environmental service is bought from a service provider, 

and where the sale is conditional on service provision. 146 The service providers and users can 

be any mix of private and public 

stakeholders, and transactions can be direct 

or administered by supporting agencies.   

PES can work wherever the potential losses 

to the beneficiaries of the service exceed 

the opportunity costs to the landowners of 

ceasing their damaging activities. The 

beneficiaries can then afford to make a 

payment to the service providers that will 

compensate them for that opportunity 

cost. It often has the added advantage that 

while one service (e.g. water provision) is 

being bought, the provision of this service 

involves the conservation of biodiversity 

more generally. 147   

                                                           
144   A conservation easement is a restriction placed on a piece of property to protect its associated resources. The 

easement is either voluntarily donated or sold by the landowner and constitutes a legally binding agreement that 
limits certain types of uses or prevents development from taking place on the land in perpetuity while the land 
remains in private hands. 

145   www.un-redd.org 
146   Wunder S (2005) Payments for Environmental Services: Some Nuts and Bolts. CIFOR Occasional Paper no. 42. 
147   Turpie J, Marais C & Blignaut, J (2008) Evolution of a payments for ecosystem services mechanism that addresses 

both poverty and ecosystem service delivery in South Africa. Ecological Economics 65:788-798. 

 Figure 4.2.  An example of a PES system: paying 
to reduce deforestation  
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A typical example would be a PES scheme where beneficiaries pay to reduce deforestation 

(Figure 4.2).  In this example the beneficiaries pay land owners/managers/farmers for 

delivery of protecting water resources and carbon storage through forest conservation.  The 

seller (i.e. land owner) incurs some costs (reduction in agricultural output and natural 

resources income) to provide the ecosystem service. The payment from beneficiaries 

compensates the landowner for these costs and provides additional income over and above 

the costs incurred. Therefore the PES provides the incentive for the land owner to protect 

forests.  

 

PES is a particularly efficient management tool because it acts as both an incentive and a 

financing mechanism. It can also be a lot less costly than other conservation approaches. PES 

systems are normally initiated in one of two ways: (1) the value of a service is recognised by 

beneficiaries, who initiate trade; or (2) a conservation initiative seeks a financing and/or 

incentive mechanism and sets up a market. Thus PES takes a number of forms, including 

private deals, open trading schemes and public payment schemes where government pays 

resource managers to supply a service. In South Africa, the first PES schemes involved the 

payments made by water supply companies to Working for Water to clear catchment areas 

of alien vegetation to ensure the delivery of water.  The potential for introducing a PES 

scheme in Namibia’s communal conservancies, and to inform the design of such a PES was 

identified and evaluated as part of the Namibia TEEB Study (see section 5). 

 

PES systems have been implemented in numerous projects around the world, though with 

varying success. They can be challenging to set up, especially as it is critical to prove 

additionality, i.e. that the service would not have been provided otherwise. There has been 

much research on finding mechanisms to elicit true opportunity costs from landowners, such 

as bidding to participate in the scheme.  Like all other environmental management 

mechanisms, PES can only be successful if the system is closely monitored, in this case to 

make sure the service being paid for is provided. 

 

4.2.5 Certification and ecolabelling 

Many activities, such as forestry, must produce performance certificates in order to be 

accepted as imports into global markets. This ensures certain standards, including 

sustainable use practices. This produces the incentive for firms to comply in order to gain 

access to those markets. Ecolabelling is a voluntary method of environmental performance 

certification and labelling. It identifies overall environmental preference of a product or 

service and is awarded by an impartial third-party. This allows consumers to choose products 

that are produced using sustainable practices. When used in conjunction with consumer 

education, e.g. through advertising, these practices can be effective in swaying consumer 

preferences and encouraging producers to meet the standards necessary for labelling. 

 

The development of a rating and certification system for Wildlife Compatible Farming has 

been identified as a key intervention for Namibia’s freehold rangelands (see Section 5).   
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4.2.6 Tradeable use rights 

Tradeable rights to the use of resources potentially offer the most efficient and effective 

mechanism for environmental management. Systems of tradeable permits are 

geographically defined and include not only the rights to harvest resources, such as water or 

fish, but the rights to pollute, e.g. the air or water. This idea began with tradeable pollution 

rights in the 1960s. 148 In this type of system, the relevant authority decides what the desired 

aggregate or total level of emissions should be, and then distributes permits for pollution 

totalling this amount to different firms. These permits can be traded with other firms. Their 

price is determined on the open market, just as for any other economic good. So once the 

permits are in circulation, this is an effective means of maintaining aggregate emissions 

within a maximum desired level. 

 

A tradeable permit system minimises the costs of achieving environmental goals. For 

example, if one considers polluters, those with low costs of abatement will tend to 

implement abatement in order to avoid having to buy permits, while those with high costs of 

abatement would rather buy permits and continue to pollute. The result is that the total cost 

of abatement is lower than if all firms had to meet an arbitrary standard. 

 

New firms can enter the industry, but the amount of pollution or the total harvest of a 

resource will not change unless the authorities decide to issue more permits. Alternatively, if 

the authorities feel that the old standard needs tightening, they can buy some permits back, 

and hold them out of the market. Permits can also be bought up by environmental 

organisations or pressure groups. This is an efficient solution in that it is reflecting society's 

willingness to pay for pollution abatement. Usually there are checks in place to prevent any 

one permit holder from holding too large a percentage of permits. Another advantage is that 

the price of permits tracks inflation, unlike fines or taxes. The biggest problem with applying 

the system is usually in deciding the initial allocation of permits. 

 

 

4.3 Devising effective policies: experimental methods 

The policy instruments described above have been widely applied in a range of settings, but 

often with mixed results.  Given the large numbers of failures, particularly in complex 

developing country settings, there is an increasing demand for more rigorous design and 

evidence-based policy making.  This has led to the adoption of methods developed in social, 

statistical and medical disciplines, such as behavioural experiments, randomised control 

trials and impact evaluation.   

 

Experimental economics embraces a wide range of methods in order to test the effects of 

different policies on people with different characteristics and in different contexts.  For 

example, behavioural economics studies can analyse the effects of factors such as 

information, risk aversion, sanctions, oversight and levels of reward on peoples’ choices.  

                                                           
148   Pearce & Turner (no 1 above). 
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This area of research is increasingly seen as an essential development towards designing 

effective interventions.  It has been shown to be crucial in understanding auctioning, 

bargaining outcomes, provision of public goods and management of common property 

resources (CPRs). 

 

Behavioural experiments may take the form of lab experiments, framed field experiments or 

something in between.  A lab experiment is one that employs a subject pool of university 

students and an abstract framing, an artefactual field experiment is when researchers run a 

conventional lab experiment but with a non-typical sample (such as farmers or insurance 

brokers), and a framed field experiment is conducted in the field with a non-typical sample 

but is framed to reflect a real-world situation149.    

 

Lab experiments provide a high degree of flexibility and allow researchers to analyse the 

impact of subtle changes in treatments. As a first step in policy design, a researcher could 

thus test various iterations of the intended intervention, for example, in the context of a PES 

this might include varying the level of the payment across a number of treatments.  Lab 

experiments were an important element of Elinor Ostrom’s ground-breaking research on 

CPRs.  For example, the experimental finding that communication improves co-operation has 

seen greater emphasis placed on the role of local institutions in CPR management. However, 

because lab experiments are conducted out of context and using non-relevant participants 

(often university students), they are considered to have low external validity (i.e. it may be 

difficult to transfer the findings to the population of interest).  

 

While lab and field experiments can provide the insights that help to predict behaviour, this 

is different from testing actual responses to interventions.  This is done using randomised 

controlled trials (RCTs), which are carried out in a real setting with the target population. 

These methods, borrowed from the medical profession, generate robust analyse of pilot 

programmes before interventions are rolled out on larger scales150.  As such, these 

interventions have external validity (although often very specific to a particular context).  

During a RCT, participants are randomly allocated to control and treatment group.  Any 

difference in outcomes between the two groups can then be attributed to the intervention. 

RCTs are considered to be the gold standard in terms of identifying causal effects and are 

used to identify the impact of interventions for both pilot schemes and large-scale roll-outs.   

While RCTs do establish causal relationships, the treatment effects can only be observed on 

aggregate (i.e. the researcher is not able to ascertain the underlying mechanisms through 

which the intervention is working and only observes the final outcome). Thus it is useful to 

use experiments in the design stage of an intervention, which are far less costly than 

carrying out full-scale pilot studies.   

 

Framed field experiments are closer to RCTs than lab experiments because they sample from 

the target population and through the use of framing the participants can imagine the 

                                                           
149  Harrison GW & List JA (2004) Field Experiments. Journal of Economic Literature 42: 1009-1055 
150  Cairney P (2016) The politics of evidence-based policy-making.  
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conditions of a pilot intervention151.  This is important if culture, context and geography, 

amongst other factors, affects behaviour.  The potential for introducing a PES scheme in 

Namibia’s communal conservancies was evaluated using framed field experiments (see 

Section 5).  

 

The evaluation of existing policy measures also provides critical feedback to their effective 

design. Impact evaluation studies are post-hoc studies that examine the effectiveness of past 

interventions.  These involve establishing the theory of change, in which the expected 

effects of a proposed intervention and their rationale are considered.  The statistical analysis 

of the impacts is done in such a way as to compare the outcome with the counterfactual – 

i.e. what would have occurred in the absence of the intervention.152  These methods are far 

more reliable than the methods used in the past, and have also highlighted how difficult it is 

to achieve desired results in many cases. 

 

 

 

 

  

                                                           
151   Handberg ØN & Angelsen A (2015) Experimental tests of tropical forest conservation measures. Journal of 

Economic Behavior & Organization 118: 346–359. 
152   Ferraro PJ & Pattanayak SK (2006) Money for nothing? A call for empirical evaluation of biodiversity conservation 

investments. PLOS Biology 4(4) e105. 
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5 CASE STUDIES 

5.1 Towards the design of a PES system for communal 

conservancies153 

5.1.1 Background 

For the most part, conservation efforts in communal conservancies are not having their 

desired outcome.  This is because they are faced with numerous challenges, such as older 

conservancies accruing significantly higher benefits than younger conservancies, some areas 

having low tourism/hunting potential, institutional problems, petty poaching and human 

encroachment, commercial poaching and wildlife crime and human-wildlife conflict blamed 

on conservation. A number of these problems are exacerbated by drought.  Current benefits 

to conservancies accrue mainly from royalties and rents paid by joint-venture tourism and 

hunting operators.  This does not, however, capture the broader public’s willingness to pay 

for maintenance of biodiversity in these communal areas.  A payments-for-ecosystem 

services (PES) system was identified as a potential option for improving incomes and 

conservation outcomes.  

 

Communal lands in Namibia provide a range of ecosystem services, including the provision 

of natural resources, agricultural and fishery support services, refugia, groundwater 

recharge, wildlife and wildlife habitat, and carbon storage.  While these services provide 

important benefits to local communities they also provide significant benefits to Namibians 

and global society, particularly with regards to nature-based tourism, the existence value of 

biodiversity and carbon storage.  This provides opportunities for channelling income from 

other beneficiaries, such as local and international tourists and international donors.  

 

Joint-venture arrangements already in place in communal conservancies have provided 

incentive for local communities to conserve wildlife through steady income streams with a 

percentage of turnover indirectly linked to wildlife.  The success of this arrangement has 

been extremely variable across conservancies.  Generating additional income for 

conservancies would help to address this issue and help to resolve both institutional 

problems and household cooperation.  Currently the benefits that accrue to conservancies 

are predominantly from joint-venture tourism, trophy and venison hunting, with a very small 

portion coming from the harvesting of indigenous natural products such as devils claw. This 

provides plenty of scope to channel additional income from other beneficiaries. 

 

5.1.2 Conceptual design of a PES system in Namibia’s communal conservancies 

The aim of the PES would be to incentivise communities to do more to protect wildlife and 

wildlife habitat by discouraging encroachment into areas set aside for wildlife, burning and 

                                                           
153  Based on Turpie J, Brick K, Letley G & Maclaren C. 2017. Potential for the use of a Payments-for-Ecosystem 

Services system in Namibia’s Communal Conservancies. Report prepared by Anchor Environmental Consultants 

and Namibia Nature Foundation for the GiZ, on behalf of Namibia’s Department of Environmental Affairs. 121pp. 
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excessive harvesting of natural resources (i.e. poaching).  PES as a direct payment to 

households may not achieve the desired effect due to the potential for free-riding by 

community members (i.e. tragedy of the commons).  However, if a substantial portion of the 

income is invested into conservation efforts, the PES could be effective. Thus, it is envisaged 

that a special form of PES will have to be designed for conservancies in order to elicit the 

level of co-operation required. 

 

 

Figure 5.1.   Example of a wildlife PES scheme in communal conservancies.  The current situation with JV 
income (all tourism and hunting income) is shown in (a) and the proposed PES in addition to JV 
income is shown in (b). 

 

It is envisioned that the PES scheme will build on existing structures (i.e. joint-venture 

tourism and hunting agreements) in conservancies and the PES income will be pooled with 

the income generated by the JV partnerships.  Under the PES scheme household share of 

income or the conservancy development share of income will increase covering the costs 

associated with some loss in livelihood income due to increased conservation efforts.  

Increased income allocation to conservation measures could help to reduce HWC costs.  

 

The PES should build on existing structures within the CBNRM framework. Specifically, while 

being additional to the existing tourism- and hunting-related arrangements (i.e. a new 

revenue stream), PES payments should be directed through the existing communal 

conservancy structures and then distributed to conservancy members. However, in order to 

ensure all funds are audited, an additional proviso is the mandatory involvement of an 

external treasurer. The external treasurer could be from a local NGO, for example.  In 

addition, in order to ensure that regulations are enforced, illegal activities are stopped and 

wildlife populations are healthy, it is envisaged that external conservation oversight will also 

be needed.  These ideas were tested in the field with framed field experiments in the form of 

public good games.  
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5.1.3 Experiments to inform institutional setup  

A field study was carried out to investigate the possibility of introducing oversight into what 

is currently a Community Based Natural Resource Management (CBNRM) system (which by 

definition has no oversight) and to investigate the true opportunity costs of the kind of co-

operation required to deliver the ecosystem services being purchased in order to provide an 

indication of the level of pricing required for a PES. A combination of behavioural, 

experimental and environmental economics research methods used including framed field 

experiments, contingent valuation and a social survey.  Three key questions were asked:  

1. What views do community members have of external oversight of conservancies? 

2. Does external oversight increase the probability of household co-operation? 

3. What level of income would households accept as adequate compensation for co-

operation (desisting from illegal activities)? 

 

The study was carried out in three conservancies in the southern Kunene/northern Erongo 

region.  These three conservancies differed in size, quality and quantity of wildlife resources, 

institutional arrangement and governance. However, they are all located along an important 

tourist route.  

 

A reconnaissance trip was undertaken prior to the experiments in order to inform the 

methodological approach.  The field study was conducted over a one week period and 

conservancy members were invited to participate in workshops via local radio.  In total 188 

participants took part in the field experiment from nine different villages in the three 

conservancies, representing ~19% of all 

households in the study area. Each workshop 

consisted of experimental games and a short 

survey. All participants were paid an N$80 

participation fee.  

 

The framed field experiment consisted of 

behavioural experiments where games were 

played in groups with two treatments. The 

game was explained using poster illustrations 

and beans to represent money.  The field 

experiment was run as a public good game 

where members of each group were given a 

sum of real money, representing the current 

benefits that they receive as households within 

the conservancy.  The PES system was 

explained to the participants using posters. The 

basic premise being that the more money 

invested into conservation, the more difficult it 

will be for people to infringe on conservation rules and that the payoff would depend on 

total group investment. I.e. the more invested, the greater the payoff.  Each member 

decided how much money to invest into conservation action and how much to keep for 
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themselves. The payout (in N$) from the game depended on these choices and the choices 

of others.  

 

The participants were randomly allocated across the two treatments where both the level of 

external oversight (certain vs uncertain) and level of PES returns (low vs high) were varied.  

Ten rounds in total were played by each treatment group.  From these games the 

researchers were hoping to answer two questions; (1) How does cooperation vary across 

different PES levels (high vs low)? (2) How do concerns around conservancy management 

inhibit cooperation?  

 

The importance of financial safeguards emerged as a key finding from the public good game 

field experiment.  Contributions across all conservancies were higher under the certain 

framing and community members found to be disillusioned with their respective 

conservancy committees (over financial impropriety or ineffectual management) had 

significantly lower levels of cooperation.  Overall, explicit financial oversight induced more 

cooperation.   The findings from this study suggest that a PES programme in Namibia’s 

communal conservancies has the ability to help address institutional challenges and 

household cooperation. The field study confirms that explicit financial and conservation 

oversight is desired by communities and increases the chance of their cooperation. The 

findings also show that the communities represented in this study would approve of such 

changes. 

 

5.1.4 Contingent valuation study to determine the level of payment required 

Contingent valuation questions were used to estimate how much the respondents were 

willing to accept as compensation for tolerating the high level of conservation management 

required under a PES system.  This WTA is assumed to provide an indication of the 

opportunity costs of doing so.  These opportunity costs might include not being able to 

poach or engage in other unsanctioned activities.  

 

The mean willingness to accept payment in return for putting up with more effective wildlife 

conservation in the conservancy was estimated to be N$1122 per annum.  WTA was about 

two to three times higher in Uibasen conservancy (where rewards are already higher) than in 

Sorris Sorris and Tsiseb conservancies.  Overall, WTA was relatively low.  This could because 

(a) increasing wildlife protection (eliminating illegal activities) comes at little cost to the 

community, i.e. that outsiders could be responsible for the majority of poaching, or (b) 

because external oversight desired by community members seeking a less corrupt system 

and therefore are willing to accept low levels of compensation in order for this to be 
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realised.  This reaffirmed the results of the field experiments where we did not see a large 

effect of payment level on cooperation.   

 

Based on stated WTA, if the three conservancies in the study area were to successfully 

achieve a high level of wildlife protection under a PES programme, the payments per year 

would be in the region of N$232 000 for Sorris Sorris, N$821 000 for Tsiseb, and N$56 000 

for Uibasen.  Using the lower and upper bound estimates, the annual payment would range 

between N$778 000 and N$2.1 million for the three conservancies.  These estimates suggest 

that the implementation of a PES programme at national scale would require about N$47 

million in addition to the funding required to improve conservation efforts.  Thus a PES 

programme could be considered achievable. 

 

5.1.5 Contingent valuation study to determine public willingness to pay 

International and SADC visitors to Namibia’s national parks were asked if they would support 

the proposal to charge all visitors to Namibia a once-off conservation fee on arrival in the 

country or the parks, respectively.  It was explained that that this revenue would go towards 

an NGO-managed fund for financing conservation in the whole of Namibia.  76% of overseas 

and 71% of SADC respondents were in favour of this.  A number of visitors did have concerns 

that the fee would be misused if collected on arrival at the border or at the airport, and 

many said that the involvement of a trustworthy NGO was an important factor. Visitors who 

said that they would support the implementation of a once-off conservation fee were then 

asked to indicate the highest amount that they would be willing to pay from a list of ten 

amounts ranging from US$1-50 (overseas visitors) and N$5-200 (SADC visitors).  Amongst 

those who said that they would support the implementation of a once-off conservation fee, 

the average willingness to pay was N$190 (US$15) for overseas visitors and N$66 (US$5) for 

SADC visitors.  If this was reduced to a nominal US$10 and US$2.50, it would raise at least 

US$5 million per year for conservation 

 

5.1.6 Conclusions 

The findings from this study suggest that a PES programme has the ability to help address 

institutional challenges and household cooperation in Namibia’s communal conservancies. 

The field study confirms that explicit financial and conservation oversight is desired by 

communities and increases the chance of their cooperation. The findings also show that the 

communities represented in this study would approve of such changes.  Furthermore, the 

contingent valuation analysis found that not only is the PES programme feasible from a 

willingness to accept perspective, but that the aggregate payments required under a PES 

programme are affordable and that the public willingness to pay for conservation outside of 

protected areas is higher than the estimated aggregate payment required under a PES.  

However, in addition to the aggregate levels of payments estimated based on household 

average willingness to accept, additional financing would be required to cover the costs of 

the extra level of conservation management (i.e. reinvestment into conservation efforts) 

that is necessary to ensure the effectiveness of the PES.    



 

 

73 

 

5.2 Optimal pricing of state protected areas154 

5.2.1 Background 

Namibia’s parks, like many others in southern Africa, are under constant threat from 

insufficient funding and increasing land use pressures.  The increasing competition for 

securing funds from government and the cuts in environmental budgets has resulted in a 

general decrease in conservation funding for parks.  The challenge for the Department of 

Wildlife and National Parks (DWNP) is to search for other sources of revenue beyond 

government funding with the priority of maximising revenues for efficient park management 

in order to improve financial self-sufficiency.  The main obstacles in Namibia in achieving 

such objectives include the following: 

 Parks are managed entirely with a government budget allocation that is not related 

to performance or revenues. 

 Only a small fraction of Namibia’s protected area value is captured in terms of park 

revenues, with the direct revenue from park use and accommodation fees 

amounting to less than half of the park-related costs. 

 Park entry fees are not retained directly by parks in Namibia, but go to the central 

Government Treasury with only a small proportion being channelled back into park 

management via trust funds.   

 Park entry fees in Namibia have remained unadjusted since 2005, despite previous 

recommendations that fees should be revised every three years.   

 The prices of parks are low compared to neighbouring countries. 

 Namibia Wildlife Resorts (NWR) who operate inside national parks are currently 

exempt from making any payments to MET. 

 

Given the declining availability of funding, park entry fees are becoming an increasingly 

relevant source of income to park agencies with more efficient, well-designed park fee 

systems helping to make protected areas more financially self-sufficient.  When it comes to 

the pricing of protected areas there are generally four main objectives that the charging of a 

user fee aims to achieve: to impute value to visitation; to manage parks at economically 

efficient levels; to operate within an ecological carrying capacity (i.e. manage congestion); 

and to achieve social equity. 

 

5.2.2 Stated preference valuation study 

In order to inform the optimal pricing of parks a survey of holidaymakers was conducted at 

four Namibian National Parks (Etosha National Park, Namib-Naukluft Park, Waterberg 

Plateau Park and Hardap Game Park) and at Hosea Kutako International Airport in Windhoek 

in December 2017. 

 

                                                           
154  Letley G & Turpie J (2017) Improving state protected area financing through pricing and institutional changes. Vol 

II in Turpie J. (ed). The development of strategies to maintain and enhance the protection of ecosystem services in 
Namibia’s state, communal and freehold lands.  Report prepared by Anchor Environmental Consultants and 
Namibia Nature Foundation for GIZ on behalf of the DEA.  74pp. 
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The focus of the survey was to estimate visitor willingness to pay (WTP) for entrance into 

Namibia’s national parks and to determine the revenue maximising park fee for 

international, regional and national tourists.  Respondents were asked how they would have 

changed their trip to Namibia had park prices been higher than present and this was 

followed up with a set of WTP questions.  

 

Contingent valuation questions were used to estimate how much respondents were willing 

to pay as a daily entrance fee for flagship and secondary parks.  The analysis was conducted 

separately for each visitor group (overseas, SADC and Namibian residents) and flagship and 

secondary parks.  Respondents were presented with a proposed fee increase and asked how 

this price would have affected their visit.  This type of choice question allowed estimation of 

WTP using a range of econometric methods.  For flagship parks, the estimated mean WTP 

ranged from N$332 to N$399 per day for overseas visitors (compared with the current fee of 

N$80), N$153 to N$174 for SADC visitors and N$117 to N$151 for Namibian residents.  

These align with the park fees currently charged in neighbouring countries, such as in 

Botswana, South Africa and Zimbabwe.  For secondary parks, the average amount overseas 

respondents were willing to pay was N$147 per day, almost four times the current price 

(N$40).  SADC visitors were willing to pay N$77 (current fee is N$30) and Namibians were 

willing to pay N$35 (current fee is N$10).  

 

Contingent behaviour methods were used to calculate the revenue maximising fee. Demand 

curves (price vs average trip days spent visiting parks) were generated for each visitor group. 

From the demand curve equations the price at which revenues would be maximised (i.e. the 

point at which the slope of the revenue maximising curve is equal to zero) were calculated. 

For overseas and regional visitors the revenue-maximising price was higher than the mean 

WTP but for Namibians it was similar to mean WTP.  In all cases, revenue maximising price is 

very much higher than the current price.   

 

Table 5.1. The current entrance fee, mean WTP and revenue maximising price for overseas, SADC 
and Namibian visitors to the main National Parks 

 

5.2.3 Conclusions from the study 

Based on this study it is recommended that the pricing structure and prices are changed.  

The pricing structure should be multi-tiered which will yield higher revenues as it targets 

visitor groups with a low elasticity of demand and targets the most popular parks which have 

unique features and where price increases are unlikely to impact on visitation rates. Etosha 
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and Namib-Naukluft are truly representative of Namibia, having unique features that attract 

tourists throughout the year.  

 

Table 5.2. Multi-tiered pricing structure  

  

The results indicate that the revenue maximising price for overseas visitors for both flagship 

and secondary parks is significantly higher than current fees, and that the pricing structure 

currently used in Namibia is therefore highly inefficient.  The majority of overseas and SADC 

visitors indicated that cost was not a factor and that park fees did not play a role in their 

decision to visit Namibia. Namibians, on the other hand, were sensitive to costs, but more to 

do with accommodation and travel than entrance fees.  This suggests that fee increases 

should be heavier for international than for national visitors.  While the results indicate high 

willingness to pay and even higher revenue maximising prices, it is important to note that 

there could be some degree of yeah-saying bias in the responses, and that fee increases 

should be applied incrementally as a precaution.  It is possible that tourists may find 

alternatives in response to increasing prices.  For example, increasing fees would increase 

the competition from private game reserves within Namibia and from other parks in the 

region.  Given that willingness to pay was related to trip length, a discount could be 

considered for those spending longer in the parks. 

 

Table 5.3.    Recommended conservation fees (N$) to be charged to overseas, SADC and local 
visitors to the different parks in Namibia.  Current prices are given in brackets 
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5.3 Incentives for sustainable practices and conservation in 

Namibia’s freehold rangelands155 

5.3.1 Background 

A review was conducted to identify key determinants influencing land use decisions on 

freehold land in Namibia and to make recommendations on how best to support and/or 

incentivise biodiversity-friendly, sustainable rangeland management at a national level.   

 

The significant deterioration of rangelands across Namibia threatens livestock production 

and biodiversity. The five main conservation issues contributing rangeland degradation 

include the following: 

 Poor rangeland management and subsequent decline in cover of perennial grasses; 

 Bush encroachment; 

 Over-fencing and concerns about free-ranging wildlife; 

 Predator imbalances; and 

 Introduction and intensive breeding of exotic game. 

 

5.3.2 Potential solutions 

Three interrelated solutions should be implemented to achieve sustainable use of 

rangelands:  

 

Sustainable rangeland management 

Most farmers are probably aware of the eight principles of the National Rangeland 

Management Policy and Strategy, but they continue to make poor choices or fail to take 

action because (a) there is a lack of good or timeous information on rangeland condition and 

market prices; (b) financial difficulties force farmers to take uncalculated risks and prevent 

them from undertaking active management measures such as debushing; (c) the use of 

drought subsidies allow farmers to take greater risks with their veld; (d) social problems 

associated with debushing labour gangs discourages farmers to engage in mechanical 

debushing on their land; (e) Environmental Impact Assessment (EIA) requirements of 

debushing and burning discourages the implementation of these practices.  

 

Predator-friendly production systems  

In spite of generations of farming, predators remain present on Namibian farms and in 

recent decades have become a more serious problem since government support to freehold 

farms has slowly diminished and conservation interests have increased.  Livestock 

depredation can lead to significant economic losses for farmers, who generally respond with 

lethal control that often involves the inhumane killing of endangered and charismatic 

                                                           
155  Turpie J, Letley G (2017) Incentives for sustainable practices and conservation in Namibia’s freehold rangelands.  

Report prepared by Anchor Environmental Consultants and Namibia Nature Foundation for the GiZ, on behalf of 

Namibia’s Department of Environmental Affairs 
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species.  This in turn brings with it bad press.  There are many theories on the issue of 

predator management.  Based on the accumulation of scientific evidence and expert 

opinions in the region, the following is understood: 

 All predators become more of a problem where wildlife numbers have dwindled – 

this is simple optimal foraging theory;  

 Smaller predators (e.g. Jackal) are even more of a problem where larger predators 

have been removed and are now absent; 

 Lethal methods, while relatively cheap, are not effective unless practiced at a major, 

co-ordinated scale in conjunction with serious fencing, and in many cases may even 

make the problem worse; and  

 Active protection of livestock, especially by human herders, is the most effective 

option in the absence of strong government support, but tends to not be taken up 

because of the following:  

o Non-lethal methods are more labour intensive, and labour legislation in 

Namibia has become more onerous; and 

o Lethal methods are deep-rooted, and many farmers who have witnessed the 

suffering of their stock have a strong emotional response to predators and 

will find it difficult to not engage in lethal control.   

 

Wildlife-friendly fences.  

Most of Namibia’s wildlife is on freehold rangeland.  This is something that Namibians are 

proud of and it provides a major opportunity for the marketing of the country’s produce and 

tourism.  However, the proliferation of game fences has resulted in areas being enclosed and 

effectively cut off from the landscape.  The composition and densities of game held within 

these enclosed areas are often unnatural and are geared towards gaining market advantage 

in meeting expectations of overseas hunters and wildlife viewing tourists.  The result is that 

game farms are causing rangeland degradation and, ironically, loss of biodiversity.  With 

hunting having been banned in some surrounding countries, such as Botswana, the 

pressures for market advantage should have eased to some extent.  Namibia needs to 

modify the legislation that encouraged the establishment of enclosed game farms, as the 

positive outcomes are now being overshadowed by significant externalities. Intensification 

and fencing need to be discouraged and even reversed.  However, this needs to be done in 

such a way that the hunting and wildlife industry is not damaged. 

 

5.3.3 Role of Conservation Management Areas (CMAs). 

Access to larger areas/multiple land parcels, particularly spanning rainfall gradients, could 

have significant benefits for rangeland productivity and stock protection and would also 

better support diversification.  In fact, a statistical analysis relating Normalised Difference 

Vegetation Index (NDVI) data to rainfall and land use found that farms belonging to 

conservancies had the lowest impact on NDVI (i.e. rangeland productivity within 

conservancies was higher than other land use types).  Access to larger areas could be 

achieved through combined business or co-operative arrangements among neighbouring 

groups of farmers such as conservancies. Both should be encouraged.   A co-operative 
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arrangement would provide better opportunities for sharing the costs and arrangements for 

monitoring, security, bush clearing, veterinary, slaughtering and herding costs.  It also 

provides opportunities for pooling of wildlife resources and even pooling of grazing areas 

and rangeland management.      

 

Based on the assessment of the key conservation issues on freehold land and the solutions 

required to improve rangeland management, the following four core recommendations are: 

1. Establish the legal framework for Conservation Management Areas as legal entities, 

providing rights over wildlife, providing the conditions for maintaining status and 

rights, and providing access to legal assistance for devising the required joint 

management and resource sharing agreements. This would allow members of CMAs 

to have (a) greater rights over wildlife than other land users, (b) subsidised access to 

the information systems, and (c) assistance in the management of bush-clearing 

activities.  

2. Establish a real time, spatial rangeland monitoring and market information system 

that farmers can use to inform their decisions.  This system could come with up to 

date advice on suitable stocking rates. There is already an initiative in place to 

develop this and it is therefore recommended that such a system is fast-tracked and 

implemented based on the current Project findings. 

3. Develop and market a rating and certification system for Wildlife-Compatible 

Farming, based on management practices, rangeland quality and biodiversity.  

Conservation Management Areas would have certain advantages here.  The 

certification system should be introduced in such a way that it could grow regionally 

and gain real market advantage.  It should be marketed as farming with space for 

the free movement of wildlife including predators.  It should confer advantages for 

the marketing of livestock products, venison, hunting and photographic tourism. 

4. Develop a set of Norms and Standards for bush clearing and burning activities in 

order to cut through existing environmental red tape.  This should also seek to 

minimise the environmental and social impacts of debushing crews. 

 

 

 

 

 


