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Group Exercise

 In your group, prepare 
a brief research 
proposal to value one of 
these

 Be realistic about what 
data you expect to be 
available, but assume no 
limit to the data you can 
collect

 What short cuts would 
you take if you had a 
very limited budget

1. Woodland resources in the 
Caprivi 

2. Land that provides a 
pollination service to crops

3. Flood attenuation value of a 
wetland

4. Aesthetic value of Table 
Mountain

5. Recreational value of the 
Gross Barmen hot springs

6. Existence value of Namibia’s 
rhinos



Group 1 Feedback

 In your group, prepare 
a brief research 
proposal to value one of 
these

 Be realistic about what 
data you expect to be 
available, but assume no 
limit to the data you can 
collect

 What short cuts would 
you take if you had a 
very limited budget

1. Woodland resources in the 
Caprivi 

2. Land that provides a 
pollination service to crops

3. Flood attenuation value of a 
wetland

4. Aesthetic value of Table 
Mountain

5. Recreational value of the 
Gross Barmen hot springs

6. Existence value of Namibia’s 
rhinos



MARKET PRICES



Value = Q x (P-C)

 Quantification of use/production
 Most difficult part of valuation studies
 Long term data vs once-off surveys
 Household data vs aggregate data

 Estimation of price
 Existing market prices are usually adequate
 Substitute prices also used

 Estimation of production costs
 Input costs - straightforward market prices 
 Labour time - shadow wage rate, or zero



An example

 E.g. Household use of natural resources in the 
Okavango Delta

 Collected primary data: 

 430 hh surveys: Hh demographics, importance 
of natural resources, quantities harvested & 
valued added 

 Focus group discussions & key informant 
interviews: general information, seasonality of 
resources, prices etc.  

 Constructed household production model
 Gross and net private value of natural resources

 GVA of 15 million Pula, 23% attributed to the 
wetland

Turpie JK, Barnes J, Arntzen J, Nherera B, Lange G-M, Buzwani B. (2006) Economic value of the Okavango Delta, Botswana, and 
implications for management. Report for Directorate of Environmental Affairs (DEA) and the Okavango Delta Management Project



Group 2 Feedback

 In your group, prepare 
a brief research 
proposal to value one of 
these

 Be realistic about what 
data you expect to be 
available, but assume no 
limit to the data you can 
collect

 What short cuts would 
you take if you had a 
very limited budget

1. Woodland resources in the 
Caprivi 

2. Land that provides a 
pollination service to crops

3. Flood attenuation value of a 
wetland

4. Aesthetic value of Table 
Mountain

5. Recreational value of the 
Gross Barmen hot springs

6. Existence value of Namibia’s 
rhinos



PRODUCTION FUNCTIONS



Changes in production 

 Looks at the change in the value of a marketed 
output which depends on the ecosystem service

 Requires good biophysical data on “dose-response” 
relationship between the change in the ecosystem, 
change in the service and change in the production 
of the good 

 E.g. Can be used to value pollination services
 On farm pollination experiments can be used to determine 

the increase in productivity and monetary value attributable 
to pollination services



An example

 E.g. Crop pollination service in Tanzania

 Indiv. farm plot data, land cover data in concentric buffers around farm plots

 Production function approach
 Availability of pollination services factors into production

 Examine contribution of crop pollination on economic outcomes

 Significant contributions by 
forests to plot-level 
agricultural revenues

 Distinct distance-gradient 
in the contributions of 
forests to pollination 
services



Group 3 Feedback

 In your group, prepare 
a brief research 
proposal to value one of 
these

 Be realistic about what 
data you expect to be 
available, but assume no 
limit to the data you can 
collect

 What short cuts would 
you take if you had a 
very limited budget

1. Woodland resources in the 
Caprivi 

2. Land that provides a 
pollination service to crops

3. Flood attenuation value of a 
wetland

4. Aesthetic value of Table 
Mountain

5. Recreational value of the 
Gross Barmen hot springs

6. Existence value of Namibia’s 
rhinos



COST-BASED METHODS



Replacement costs

 Cost of engineering solution to replace the 
function performed by the ecosystem

 Most common method to value regulating 
services

 Should only be used if
Replacement is the least cost option
People would be willing to pay for the replacement



An example

 E.g. Used to value the coastal 
protection functions of coral 
reefs in the Philippines. 

 Looked at the cost of coastal 
protection measures such as 
concrete tetrapod 
breakwaters to replace reef 
protection

 Estimated total value of 
US$22 billion.

McAllister, D.E., 1991. What is a coral reef worth? Sea Wind 5(1):21-24.



Mitigative & avertive expenditures

 Looks at the cost of dealing with the loss of the 
ecosystem service
 i.e. what would have to be spent to mitigate or avert 

the effects of its loss?

 Used to value regulating services



An example

 E.g. Used to value erosion and sediment 
control functions of forest in Selangor, 
Malaysia. 

 Calculations were based on the 
expenditures associated with dredging 
hydropower and water supply 
reservoirs.

 Looked at the costs and costs-avoided 
of different land use options in forested 
watershed. Found that watershed 
protection would reduce costs by 20% 
as compared to a logging option.

Shahwahid, M., Awang Noor, A., Abdlu Rahim, N., Zulkifli, Y. and U. Razani. 1997. Economic Benefits of Watershed Protection 
and Trade-Off with Timber Production:  A Case Study in Malaysia. EEPSEA Research Report, Singapore & Ottawa



Damage costs avoided 

 Estimation of the costs, losses and damages that 
would be incurred if the ecosystem was 
degraded or the service was lost

 Used to value regulating services
 A more difficult method



An example

 E.g. Used to value water regulation and 
flood control functions of forests in Aceh, 
Indonesia. 

 Looked at impacts of deforestation on 
downstream flood intensity and timing. 

 Related this to the costs associated with 
damage to houses, roads, crops and human 
health.

 Found an annual economic value for flood 
prevention under the forest conservation 
scenario of US$105 million.

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.



Group 4 Feedback

 In your group, prepare 
a brief research 
proposal to value one of 
these

 Be realistic about what 
data you expect to be 
available, but assume no 
limit to the data you can 
collect

 What short cuts would 
you take if you had a 
very limited budget

1. Woodland resources in the 
Caprivi 

2. Land that provides a 
pollination service to crops

3. Flood attenuation value of a 
wetland

4. Aesthetic value of Table 
Mountain

5. Recreational value of the 
Gross Barmen hot springs

6. Existence value of Namibia’s 
rhinos



HEDONIC PRICING METHODS



Hedonic pricing method

 Used to calculate property value – landscape and 
aesthetic values

 Estimates portion of total value attributable to 
environmental asset

 A HPM relates the market price of a property to its 
structural, neighbourhood and environmental 
characteristics:

𝑃𝑃𝑝𝑝 = 𝑓𝑓(𝑥𝑥𝑠𝑠, 𝑥𝑥𝑛𝑛, 𝑥𝑥𝑒𝑒)
 where 𝑃𝑃𝑝𝑝 is the sales price of the property and 
𝑥𝑥𝑠𝑠, 𝑥𝑥𝑛𝑛, 𝑥𝑥𝑒𝑒 are vectors of the structural, neighbourhood 
and environmental characteristics related to 𝑃𝑃𝑝𝑝. 



An example

 E.g. Amenity value of urban 
open space in Durban

 Large municipal data set
 Property characteristics, precise 

location
 GIS data on open space types and 

condition 
 Population density and household 

characteristics by suburb (census 
data)

 GIS data on schools, CBD, roads

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.



Contribution to property value
Public parks

 Total premium = R13,800 million (6.5% of 
overall property value) 

 Parks worth average of R20.5 million per 
ha

 Important in the more built up areas and in 
areas that are densely populated such as 
Phoenix and Pinetown and Chatsworth

Natural Open Space (good condition)

 Total premium R 4,400 million (2% of property 
value)

 Average of R1.4 million per ha
 Higher values in the urban core and along the 

coast.
 Important in the more built up areas
 DOESN’T INCLUDE BEACH, SEA VIEW



Group 5 Feedback

 In your group, prepare 
a brief research 
proposal to value one of 
these

 Be realistic about what 
data you expect to be 
available, but assume no 
limit to the data you can 
collect

 What short cuts would 
you take if you had a 
very limited budget

1. Woodland resources in the 
Caprivi 

2. Land that provides a 
pollination service to crops

3. Flood attenuation value of a 
wetland

4. Aesthetic value of Table 
Mountain

5. Recreational value of the 
Gross Barmen hot springs

6. Existence value of Namibia’s 
rhinos



Travel cost method

 Used to estimate recreational value
 Uses actual behaviour of visitors to determine Willingness To 

Pay to visit sites that are under-priced or free
 Generate demand curve

 Estimate total consumer’s surplus by integration

 Requires:
 Estimate of user numbers
 Questionnaire survey of 

users to determine travel 
costs

Quantity visits

Price

Consumer 
surplus

Total expenditure

Q1

P1

Demand curve



An example

 E.g. Applied to Lake Nakuru National Park.

 Park entrance fees underestimate the total 
value that tourists place on the wetland 
and its component species, especially 
flamingos. 

 Survey of visitors: length of stay, travel 
costs, place of origin and visitation rates

 separate demand curves estimated for two 
visitor groups (local vs international)

 Annual recreational value of wildlife US$ 
7.5-15 million, flamingos contribute >1/3.

Navrud, S. & E.D. Mungatana (1994) Environmental valuation in developing countries: The recreational value of wildlife viewing. Ecological 
Economics 11(2): 135-151.



Group 6 Feedback

 In your group, prepare 
a brief research 
proposal to value one of 
these

 Be realistic about what 
data you expect to be 
available, but assume no 
limit to the data you can 
collect

 What short cuts would 
you take if you had a 
very limited budget

1. Woodland resources in the 
Caprivi 

2. Land that provides a 
pollination service to crops

3. Flood attenuation value of a 
wetland

4. Aesthetic value of Table 
Mountain

5. Recreational value of the 
Gross Barmen hot springs

6. Existence value of Namibia’s 
rhinos



STATED PREFERENCE METHODS



Contingent valuation

 Questionnaire-based method

 Only way of estimating intangible values

 Involves posing a hypothetical situation which elicits 
respondents’ Willingness To Pay for an environmental amenity 
or Willingness To Accept compensation for its loss

 Controversial method

 Problems applying CVM in developing countries

 Cultural issues

 Poorly carried out



Elicitation format

 Open ended
 How much would be WTP as a solid waste management fee in order to participate 

in the programme?  $…../month 

 No hints, but harder to answer 

 Single-bounded dichotomous choice
 If the waste management fee is R…/month, would your hh participate in the 

programme?  1. Yes   2. No

 Amount offered (“bid”) varies.

 Easy to answer, but less info, thus requires larger sample, more complicated 
econometrics

 Double bounded dichotomous choice
 (a) If waste management fee is $x /month would you participate? 1. Yes go to (b)   

2. No go to (c)

 (b) What if the fee was 2*$x?  1. Yes  2. No

 (c) What if the fee was 0.5*$x  1. Yes  2. No



Elicitation format

 Bidding games
 Would you pay $../m to participate in the waste 

management programme?  If Yes, interviewer keeps 
increasing the bid till they answer no; If No, decrease 
the bid till they answer Yes.

 Requires a large sample

 Payment card elicitation
 Which of the amounts listed below best describes your 

maximum willingness to pay to participate in the 
programme.

 Fewer outliers than in other formats



CV Challenges

 Subject to numerous biases
 Strategic bias
 Yea-saying
 Information bias
 Interviewer bias
 Embedding bias
 Payment vehicle bias

 Requires careful design and interpretation
 USA: NOAA guidelines for design of CVM studies

 Arrow et al. 1993



An example

 E.g. Surveys 
administered in 
Huascarán NP in Peru, 
which has low budget 
for conservation.

 Assessed national and 
international tourists 
WTP for entrance into 
the Park 

WTP: US$ 10.62
Increase in fees
US$ 75 890/y

+ 595%

International tourists

WTP: US$ 6.43
Increase in fees
US$ 217 746/y

+ 360%

National tourists



Choice modelling

 Survey-based approach in which the status quo and alternative 
environmental states are compared and rated
 Choice modelling is based on idea that any good can be described in terms 

of its attributes and the levels that these can take

 It asks for rankings or ratings rather than values

 Derives monetary value by including a money indicator as a characteristic of 
each option.

 Formulate econometric model to specify an indirect utility function 
that relates attribute level, costs, and individual characteristics to 
the level of utility enjoyed.
 Complex, but typically modelled as a simple linear combination of costs and 

attributes



 Choice experiments 
 Options presented as pairs in a series of choice sets; choose 

between two options in each choice set

 Contingent ranking 
 Rank the options

 Contingent rating
 Rate the options on a scale of 1 - 10

 Pairwise comparisons
 As for choice experiments, but rate the strength of preference

Option A Option B Option C

Attribute & 
Level

A1
B2
C1
D4 (price)

A4
B2
C3
D1 (price)

A3
B1
C2
D2 (price)



An example 

 E.g. Used to estimate wetland biodiversity 
protection values of Tram Chim NP, Vietnam.

 Respondents asked to choose their most 
preferred resource use option:

 Aggregated values for wetland conservation 
programme of US$ 3.9 million, justifying its 
implementation.

Do, T. and J. Bennett. 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.



BENEFIT TRANSFER METHODS



Benefit transfer

 Takes models from studies carried out elsewhere in 
similar socioeconomic and ecological contexts, and 
applies them to the study site to determine value

 Need to be cautious 
 Many unreliable studies based on inappropriate valuation
 Adjusting figures to local context
 Account for inflation
 PPP etc.

 Should really only be used as a last resort
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Overview



Overview

 Valuation of ecosystem services using examples 
taken from Namibia TEEB National Assessment of 
Ecosystem Services

 Generic overview of each service and benefits
 Ideal approach for valuing each service
 Examples from Namibia 

 Approach used
 Data gaps and limitations 
 Next steps 



The importance of spatial variability

 Rapid development of satellite data and geographic 
information systems (GIS)

 Both capacity to deliver ecosystem services and the 
demand for the services governed by spatial factors
 spatial variation in geophysical parameters & in socio-economic 

variables (population, income & infrastructure)

 This has led to vast improvements in the extrapolation of 
values & more ambitious studies… 



Aim of Namibia ES assessment 

 Produce a nation-wide spatial assessment of 
ecosystem services
 Ensure adequate policies and actions are taken to 

prevent over-exploitation and degradation of 
ecosystems

Prioritise areas for intervention and/or support. 

 Identify gaps in current understanding and 
provide a framework for ecosystem valuation in 
Namibia



Scope

 Followed the more traditional ecosystem service 
classification approach (MEA, TEEB)
 Focus on ES associated with the biotic elements of ecosystems, 

i.e. excluding water, minerals and abiotic sources of energy
 Limited to ecosystem services supplied by natural ecosystems 

 Rural ecosystem services at a broad scale
 Three categories of ES: provision value of natural 

resources, amenity value and regulating services.
 But valued using accounting framework



Scope

Category Services
Provision of natural 
resources

Livestock fodder*
Harvested terrestrial renewable resources*
Supply of game for both trophy and meat offtake*

Cultural services Amenity value manifested in tourism and recreation 
activities*
Cultural and religious value
Existence and bequest values 
Scientific and educational value

Regulating services Carbon sequestration and storage*
Water quality amelioration
Control of erosion and sedimentation
Flow regulation - groundwater recharge*
Flow regulation – flood attenuation
Agricultural support
Critical habitats/refugia e.g. nursery areas



Mapping and valuation

 Desktop study based on existing 
data 

 Spatially explicit assessment
 taking geographic variation in supply 

and demand factors into account as far 
as possible.

 Assumptions linked to ecosystem 
typologies/habitat types

 Ecosystem accounting framework 
for valuation
 Resource rent approach

 Mapped back using physical 
outputs

Vegetation
types



Provisioning services



Overview

 Terrestrial, freshwater and 
coastal ecosystems provide 
living and non-living resources 
harvested for raw materials, 
food and medicine

 Subsistence and commercial use
 Rural households directly 

dependent on provisioning 
services for livelihoods

 Social survey methods used 



Reconnaissance

 Study area visit
 Meetings with community 

leaders & community



Key informant interviews

 Loosely structured 
‘adaptive’ 
interviews with 
individuals
 Learn about a 

generally-practised
activity

 Obtain specific 
data on a specific 
enterprise



Focus Group Discussions

 Semi-structured 
discussions with 
groups of 5 - 10 
users

 Acquire general 
data    

 For each resource / 
activity:
 Seasonality
 Rules of access
 Methods of production
 Processing
 Prices
 Inputs & their prices
 Trends over time



Household surveys

 Highly structured 
interviews are 
designed to obtain 
quantitative data on 
resource use

 Questions on household 
characteristics as well 
as variables of interest



Analysis

 Most studies simply calculate average use and 
extrapolate by numbers of households /users

 At larger scales, will need to take variation in the 
socio-economic and ecological context into account

 Note: the valuation of current use doesn’t tell you 
anything about sustainability of use
 Ideally direct use value should be estimated based on 

expected demand & estimated sustainable yields. 



Harvested resources in Namibia 

 Fuelwood, poles & timber
 Non-woody resources
 Wild foods and medicines
 Fish
 The majority of Namibians 

depend heavily on renewable 
natural resources

 Households in the northern 
regions most dependent



Valuing harvested resources in Namibia

 Potential aggregate household demand was estimated 
for the following resources:
 fuelwood, poles, saw timber, reeds, sedges and palm leaves, 

wild foods and medicines, wild meat and fish

 Estimated sustainable yields from different habitat 
types, taking current condition and demand into account
 Degradation factors applied where bush encroachment & 

clearing for cultivation was apparent
 No harvesting in PAs, 10% in private lands

 Resource rent approach using market values from 
literature 



TERRESTRIAL RESOURCES



Woody resources 

 Fuelwood: dominant source of energy used for cooking & 
heating

 Wooden poles: construction of houses, fences & other 
building infrastructure

 Saw timber: only in north east and north central areas
 N$1.9 billion/y

Woody resource
Sustainable 

output (m3/y)
Value 

(N$ million/y)
Avg. value per 

ha (N$/ha)
Fuelwood 569 498 634 31
Poles 97 374 91 4
Saw Timber 102 727 1 149 151
TOTAL 769 599 1 874



Non-woody raw materials

 Grasses, reeds, sedges & palm leaves harvested mainly 
for construction and production of crafts 

 Sustainable output of non-woody raw materials 41 000 
tonnes per year

 N$748 million/y

 Thatching grass 58% of value, reeds & sedges 41%



Wild foods and medicines

 Includes wild fruits & vegetables, nuts, berries, roots, bulbs, bark, 
leaves and mopane worms 
 supplement diets and provide traditional medicines

 Also includes wild meat (small mammals, reptiles and birds) for 
subsistence purposes 

 Sustainable output N$676 million/y

 Number of indigenous plants harvested for commercial purposes 
(cosmetic, medicinal or food applications)
 !nara melon, devils claw, Marula fruits and seeds, Ximenia kernels, Commiphora

resin, Sarcocaulon bark

 N$35–59 million/y



Terrestrial resources value

 N$3 billion/y

 High levels of 
degradation in Cuvelai
drainage area (land 
cleared for cultivation)

 Avg. value per ha highest 
in the north-central and 
north-east of the country
 High biological 

productivity and human 
population densities



INLAND FISHERIES



Inland fisheries

 Locally important for subsistence and 
employment 

 Most important inland fisheries are the 
floodplain systems of the Zambezi, Chobe, 
Kwando, Linyanti and Kavango rivers 

 Fish production data, sustainable yields 
estimated from surveys and monitoring in the 
region 

 Overfishing at the community level concerning
 Fish Protection Areas (FPA) on Zambezi & Chobe, 

community-based fishery management at Lake 
Liambezi



Inland fisheries

 N$109 million/y

 Zambezi River & eastern 
Caprivi floodplains 
account for almost two 
thirds of total value

 Lake Liambezi most 
productive system (when 
full), has highest per 
hectare values



GAME 
(MEAT PRODUCTION & TROPHIES)



Overview

 90% of Namibia’s wildlife occurs outside of formally 
protected areas in freehold and communal land

 Valuable resource
 Consumptive use of wildlife: 

 hunting of game species, either for meat or trophies, and live 
sales

 permitted in certain areas with defined conditions



Valuing game production in Namibia

 Value of sustainable off take for meat production 
and trophies based on regional population estimates 
or game counts in conservancies 
 Only for large game species (not antelope smaller than springbok)

 Applied species specific sustainable offtake rates 
 Trophy and meat prices for each species taken from 

literature & updated
 To avoid double counting, assumed sustainable trophy 

yield was taken preferentially to the meat offtake



Game value

 Calculated gross output of 
game meat and trophies and 
then generated resource rent 
value (less costs of extraction)
 Based on Barnes et al. (2005), 

RR=27% of gross output

 Total value of N$183 million/y
 Value concentrated in freehold 

land where there are higher 
densities of game

 Possible overestimate as demand 
is unknown



Improvements?

 Estimation of natural resource stocks and yields in 
relation to ecosystem type and condition needs further 
research in Namibia.  
 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).  

 Detailed spatial data of hunting farms would improve 
estimates

 Data on the inputs and outputs of trophy hunting and 
biltong hunting industries could be used to revise 
estimate of game value



FODDER PROVISION



Overview

 Rangelands provide natural fodder for the 
production of livestock and farmed game
 Important resource in both communal and private lands

 Service is threatened by rangeland degradation



Analysis

 Value of fodder production usually presented in 
terms of:
 the replacement cost (in terms of bought feed) or
 the value of livestock production

 Can use minimum of these, or both as an upper and 
lower estimate of value
 But RC of feed not a good proxy, feed costs are very high and 

the cost of replacing grazing often exceeds the gross value of 
production

 Ideally, time series data should be used to relate 
production to ecosystem type and condition



Fodder provision in Namibia

 A highly valuable service in 
Namibia 
 Communal and freehold land

 Large variation in carrying 
capacity from south to north of 
the country

 Approx. 3 million cattle kept 
across the country and almost 4 
million sheep and goats



Valuing fodder provision in Namibia

 Annual grazing demand for cattle, sheep & goats 
estimated
Based on average body mass per animal & animal 

class and daily fodder requirements 

 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



Fodder provision value

 Value given in areas 
where livestock 
density<carrying 
capacity, otherwise only 
carrying capacity valued

 Total value N$3.8 billion 
annually

 Distribution of value
 60% Freehold land
 40 % Communal land



Improvements?

 Lack of local-level data on livestock and game 
holdings makes mapping values at fine scale 
difficult
 Need detailed district and farm-level data  

 In Namibia, a regular published (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.



SUMMARY 



Provisioning services in Namibia 

 N$7.4 billion/y
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Cultural services



Recap

 Aesthetic and recreational
 Aesthetic, recreation

 Cultural and spiritual
 dwelling places for spirits, 
 sites for ritual or religious 

ceremonies 

 Scientific and educational

Am
en

ity
 v

al
ue



Amenity 
(aesthetic/recreation/spiritual/comfort)

 Amenity value of landscapes & ecosystems derived from 
the combination of natural attributes as well as man-
made enhancements 

 Manifests in terms of:
 Travel costs paid by recreational visitors (tourism)

 Amenity value to property owners (housing price premiums)
 Health cost savings/avoided illness and loss of income due to 

appreciation/use of the area
 This one may be double-counted in estimating the above



PROPERTY VALUE



Amenity value of urban open space

 Benefits of  urban green open space 
are well known
 opportunities for recreation and tourism 
 refuge from urban dis-amenities such as 

noise, traffic congestion and pollution 
(Anderson & West 2006, Kroeger 
2008)

 help to reduce stress (Ulrich & Addoms
1981, Kaplan 1983); 

 promote emotional, psychological and 
physical health (Chiesura 2004).  

https://colonialist.wordpress.com/2013/10/23/wordless-wednesday-glimpses-of-a-durban-park/


Overview

 The value that residents place on open space is 
reflected in private property and real estate markets

 Valuation based on expert opinion of estate agents 
or using the Hedonic Pricing Method (HPM)
 a form of multiple regression analysis
 usually used in conjunction with spatial data
 can be conducted at the level of individual green 

features, small towns or at the city scale



Recap: hedonic pricing approach

 Final price of a good is a function of the values of 
the individual attributes (Rosen 1974).  

 A HPM relates the market price of a property to its 
structural, neighbourhood and environmental 
characteristics :

𝑃𝑃𝑝𝑝 = 𝑓𝑓(𝑥𝑥𝑠𝑠, 𝑥𝑥𝑛𝑛, 𝑥𝑥𝑒𝑒)
 where 𝑃𝑃𝑝𝑝 is the sales price of the property and 
𝑥𝑥𝑠𝑠, 𝑥𝑥𝑛𝑛, 𝑥𝑥𝑒𝑒 are vectors of the structural, neighbourhood 
and environmental characteristics related to 𝑃𝑃𝑝𝑝. 



Valuation of urban open space

 Numerous studies have estimated the impact of particular types of open space
such as golf courses, neighbourhood parks, wetlands, forests, agricultural lands 
and water bodies on property value
 e.g. Doss & Taff 1996, Mahan et al. 2000, Tyrvainen & Miettinen 2000, Owusu-Edusei & Espey

2003, Nicholls & Crompton 2007, Gibbons et al. 2011

 Others have estimated the effects of proximity, density and quality of open 
space on property values using spatial analysis 
 e.g. Smith et al. 2002, Anderson & West 2006, Cho et al. 2006, Kong et al. 2007, Long et al.

2007, Behrer 2010, Jensen et al. 2014, Li et al. 2015

 In US, proximity to open space more highly valued in dense, high-income areas 
that were close to the CBD 
 Anderson & West 2006 

 In Durban, the condition of the open space an important factor. Good condition 
open space significant positive values, poor condition negative values. 
 Letley & Turpie 2016



Valuation of urban open space

 In order to assign values to open space areas, need to 
calculate the premium
 Achieve this by using the estimated model coefficients from the HPM

 Aggregate the model results and then determine spatially the 
value associated with each area of open space in the study 
area.
 Apply 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. 



Property values in Namibia?

 Urban areas not included in the Namibia ES 
assessment 

 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  



TOURISM VALUE



Overview

 Visitors pay to travel to and stay in an area where 
they will have access to or views of different types of 
amenities

 Usually involves combining user surveys and tourism 
expenditure, or involves the travel cost method, 
contingent valuation and choice modelling methods
 The latter measure consumer surplus, not appropriate for 

ecosystem accounting
 Only useful for small defined areas, impractical for 

multiple sites across an extensive area



Disaggregating tourism value using spatial data



Review

 Determining the tourism value of parks or nature reserves 
usually involves travel cost methods based on on-site surveys 
of tourists and collection of user statistics 
 Impractical for estimation of the value of multiple sites in an area.  

 Valuation of multiple natural amenities involves broader-
based revealed or stated preference methods, also survey 
based

 Where many such studies have taken place, it is possible to 
use the findings to map recreational value using 
extrapolation techniques.  
 Very data intensive.

 Alternatively, some have used visitor numbers, or proxies 
such as number of tourist attractions, tourist expenditure, 
sightings of rare species, accessibility 



Review

 Social media provide new 
opportunity for mapping 
recreational value 
 Websites such as Flickr (Yahoo) 

and Panoramio (Google) provide 
wealth of info through geo-
tagged photographs - location, 
distribution, interests etc.

 Data are free, quick to access, 
huge 

 Several studies have used 
numbers of photographs 
uploaded to these sites to map 
recreational value of different 
areas 



Review

 Based on the premise that 
the numbers of 
photographs uploaded are 
correlated with the 
recreational value of 
different areas.

 Use this spatial pattern of 
geotagged photo uploads 
to map value



Tourism in Namibia

 Tourism industry in Namibia 
centred on nature-based 
activities, wildlife viewing, 
guest farms & hunting tourism

 Tourism one of the main 
contributors to GDP in 
Namibia
 In 2014 direct contribution was 

N$3.77 billion, or 3% of total 
GDP 



Valuing tourism in Namibia

 Isolate natural areas outside of urban and heavily 
transformed landscapes 

 Determine proportion of leisure tourists vs business etc. 
 Use existing tourism stats, tourist exit survey data
 Determine spending by tourist group, isolate value of 

nature-based tourism using tourism stats
 Map value using international database of geotagged 

photo uploads (InVEST Recreation Model 3.2.2 using 
Flikr)



Nature-based tourism value

 Total tourism expenditure 
in Namibia is N$16.4 bn, 
which adds N$18.7 bn to 
economic output

 Leisure tourism 
expenditure is N$13.1 bn

 Nature-based tourism 
expenditure is N$5.2 bn
(36% of total value)
 Parks – 42%

 Communal conservancies – 35%

 Freehold rangelands – 23% 



Improvements?

 We used data on the main activities undertaken by visitors to 
estimate what percentage of visitors took part in nature-based 
activities. 
 Only data available is in the form of a structured list of activities which 

are included in tourist exit surveys.  

 These surveys are not designed to specifically estimate percentage of 
nature-based tourism spending

 Does not give an indication of the relative importance of different 
activities.

 Need to collect more detailed tourist information from exit 
surveys to try and isolate spending by different tourist groups 

 Future mapping exercises should rely on updated distributions of 
photos as well as the most recent data on tourist spending



OPTION & NON-USE VALUES



Option, existence & bequest value

 Difficult or impossible to fully value in monetary terms but 
significant and important

 Option value – conservation of resources that have potential 
to be valuable in the future 
 Discovery of new species or genetic material
 Value in global pharmaceutical industry, horticultural industry 

 Existence value – satisfaction or utility derived from knowing 
that areas/species are protected 

 Bequest value – satisfaction obtained from knowing that 
resources can be enjoyed by future generations



Option, existence & bequest value

 Most valuation studies use stated preference 
methods to determine the existence or bequest 
values of ecosystems
 But not appropriate for use in ecosystem accounting 

(consumer surplus measure)

 They fall within the scope of the ecosystem 
accounting framework, but the extent to which they 
can be captured using an exchange value approach 
remains unknown and requires further research



Regulating services



CARBON STORAGE



Overview

 Natural systems 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. 

 When natural systems are 
degraded or cleared, much this 
carbon is released into the 
atmosphere

 This is a global benefit.



Analysis

 Estimate value of carbon stocks stored in biomass and 
soil 
 Physical estimates readily available from field and satellite-

imagery studies
 Valued using the avoided damage cost approach based on 

global social costs of carbon or the market value of carbon 
in trading

 Some studies have taken approach of estimating total 
value of carbon storage based on scaled-down 
estimates of GDP impacts 
 more realistic when considering benefits from national 

perspective



Carbon storage in Namibia 

 Carbon storage and sequestration typically much 
lower for arid regions than areas of high vegetative 
productivity 

 Carbon storage shown to increase with organic soil 
content and vegetative cover
 the arid coastal belt far less important for carbon 

sequestration than woodland and savannah in other 
parts of Namibia

 Complicated by bush encroachment  



Valuing carbon storage in Namibia

 IPCC-Tier 1 Global Biomass Carbon Map (2000) 
used to estimate amount of carbon stored (above-
and below-ground)

 Values based on the global social cost of carbon, 
scaled to Namibia based on GDP and The Notre 
Dame Global Adaptation Initiative (ND-GAIN) 
vulnerability index
 The index measures a country's exposure and sensitivity to 

negative impacts of climate change



Carbon storage value

 Total estimated carbon 
storage 1.3 billion tonnes

 Highest densities in the 
north-eastern parts of the 
country

 Damage costs avoided:
 Global social cost (US$31/t, 

Nordhaus 2017), 

 Namibia bears fraction of this 
cost. 

 Global value N$2.1 billion, 
local avoided damages 
N$38 million per annum



Improvements?

 Estimates could be improved by more detailed mapping 
of Namibia’s carbon pools, as well as locally derived 
estimated of long-term sequestration  



FLOW REGULATION 
FLOOD ATTENUATION & GROUNDWATER RECHARGE



Flow regulation 

 Vegetative cover and wetlands slow the movement of 
water through the landscape
 Wetlands reduce flood peaks 
 Vegetative cover facilitates infiltration of rainfall into the soil to 

recharge aquifers and maintain dry season flows

 Without these services runoff greater, flood damages 
higher, overall yields of water supply lower

 Flow regulation services are complex & their estimation 
challenging



Flood attenuation



Overview

 Natural systems within the catchment areas regulate 
storm water flows by means of storage and 
vegetative resistance as well as facilitating 
infiltration into soils.

 Ameliorate potential impacts of flood events by
 Reducing flood peaks

 Lengthening the flood period at a lower level

 Reducing bank and streambed erosion 

 Reducing risk of damage caused by flooding of downstream 
areas



Hydrological modelling

 Used to predict magnitude of floods & to quantify link 
between changes in land use and land cover, and flood risk
 Defines the capacities of different land cover types to supply 

flood regulation

 Severity of flooding (water volumes & flow rates) & 
corresponding damages from a storm event can be 
estimated

 Complicated, data and time-intensive
 Calibration to observed data important

 Parameters in models should be based on locally derived data 
wherever possible



Analysis

 Service can be valued in two ways:
 Damage costs avoided 
 Extra costs that would be incurred by increased 

flooding if the natural systems were 
transformed

 Plus opportunity cost of having to increase set 
back lines in greenfields areas

 Replacement costs
 Cost of engineering structures required to 

perform the same level of flood mitigation

 Averted expenditure on flood protection 

In urban contexts, 
as more land 
becomes 
transformed, 
cities respond by 
solving resultant 
increased flood 
risk through 
engineering 
solutions.



Flood attenuation in Namibia 

 Majority of rain lost to 
evaporation, only a very small 
amount contributes to surface 
run-off 

 Mainly ephemeral rivers that 
only flow during heavy rainfall

 Perennial river systems along 
borders fed from rainfall 
outside of Namibia

 Wetlands confined to 
floodplains of perennial rivers 
& Cuvelai system 



Flood attenuation in Namibia 

 Flooding is most common in the 
Cuvelai system (Omusati and 
Oshana regions) in northern 
Namibia

 Through degradation the Cuvelai
has lost some if its flood 
regulating ability 
 loss of storage in wetlands
 loss of vegetation which slows 

overland and instream flows 



Valuing flood attenuation in Namibia

 Data and modelling required to investigate the value of this 
service in Namibia

 Steps involved in conducting a thorough analysis would include:
1. Estimating the holding capacity of different wetland systems, 

or the slowing effect of vegetation;
2. Estimating the change in flood extent downstream using 

hydrological models;
3. Identifying which catchments have infrastructure downstream 

that would demand the flood retention service; and 
4. Estimating the cost of replacing the service where there is 

demand. 



Groundwater recharge



Overview

 The landscape capacity for infiltration of rainfall also contributes 
to groundwater supply and/or dry season surface flows in areas 
downstream

 Vegetative cover has a significant influence on how much water 
drains into the soil and how much is lost to runoff

 Dry-season flows are critical to 
aquatic ecosystem health and to 
rural populations that are directly 
reliant on rivers, springs and 
groundwater for irrigation, 
domestic use and livestock 
watering



Analysis

 The sustainable yield of groundwater resources can be 
quantified as the amount that can be abstracted 
without comprising the functioning of the resource and 
ecosystem

 Requires data on what proportion of recharge is 
assisted by the presence of natural vegetation

 Valued as either 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 



GW recharge in Namibia

 80% of the Namibian population rely on groundwater 
reserves

 Underground water resources must be recharged from 
rainfall and other surface waters if they are to be 
sustainably utilised

 Land degradation is a serious concern in Namibia
 the rate of groundwater recharge has reduced in these areas 



Aquifers in Namibia

 The quantity and quality of 
groundwater recharge is largely 
dependent on land use, 
vegetation cover, soil texture, 
slope and the physical properties 
of the local aquifers 

 Type of aquifer depends on the 
underlying geology 

 Seven major aquifers in Namibia 
include the Karst, Omdel, Kuiseb, 
Windhoek, Strampreit and 
Koichab aquifers



Preliminary groundwater model

 Preliminary groundwater recharge model constructed 
based on best available data

 Sustainable yield estimated using a set of assumptions 
based on rainfall, soil porosity and vegetation types.  

 Used borehole yield data to estimate distribution of 
demand for groundwater across Namibia (Mendelson et al. 2003)

 Does not consider connectivity between aquifers, works 
off simplified assumption that rainfall and infiltration 
occurring within the immediate vicinity (5x5 km grid) 
affects the availability of groundwater locally.



Value of groundwater recharge

 The value of water 
taken as the raw cost 
per m3 of extraction

 N$448 million/y
 Concentrated in 

commercial farmland



WATER QUALITY AMELIORATION 
& SEDIMENT RETENTION



Service    &     Benefits

1. Reduced impacts on 
water treatment 
costs or health costs

2. Reduced impacts on 
infrastructure

3. Reduced impacts on 
other downstream 
aquatic ecosystem 
services

AgricNatural

Downstream ecosystem/ 
reservoir/HEP plant/

canal/harbour

Urban

+

+
-

-
-

final services

intermediate 
service

1. Limiting the area of 
polluting/eroding land 
uses that generate excess 
nutrients and sediments

2. Removing/trapping some 
of the loads generated

the passive service

the active service

1/costs of degradation

+ = generates excess nutrients/sediments
- = removes excess nutrients/sediments



The physical service(s)

 In landscape before reaching river systems, especially 
riparian zone

 Within drainage system, particularly in wetlands



Anthropogenic input of sediments, nutrients, pathogens in 
catchment area

Change in characteristics and productivity of 
downstream systems

Raw water quality

Sediment 
loads to 
dams

Storage 
costs/Loss of 
production

Water treatment 
costs/Irrig & Health 

impacts

Δ Value of provisioning, 
cultural and regulating 

services

Uptake by ecosystems
1

2

3

46

5

7



Eutrophication
 Plants need both phosphorus and nitrogen to grow
 Freshwater systems are generally phosphorus-limited
 Marine & estuarine systems are generally nitrogen-limited

 Increases in limiting factors leads to algal blooms
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Nuisance growth 
of aquatic plants 
and toxic algal 

blooms



Quantification of removal rates -
wetlands

 Research on wetlands mainly from man-made wetlands
 These are managed for waste removal - e.g. by harvesting, aeration, 

hydraulic efficiency

 Can remove high % of inputs
Rogers et al. 1985, Kansiime & Nalubega 1999, Jordan et al. 2003, Peltier et al. 2003, Thullen et al. 2005, Batty 
et al. 2005, 

 Natural wetlands less efficient
 In Uganda, unmanaged papyrus wetlands used for wastewater 

treatment removed 475 kg N/ha/year and 77 kg P/ha/year 
(Kansiime & Nalubega 1999)
 But this is <10% of inputs 

 In South Africa, wetlands small wetlands in the landscape were 
found to play a significant role in the reduction of nitrogen, but 
not dissolved phosphorus or suspended solids (Turpie et al. 2010) 



Quantification of removal rates –
riparian buffers

 Buffers remove 35 – 95% of nutrients, 84% - 90% 
of sediments 
 e.g. Hill 2000, Liu et al. 2008, Weller et al. 2011, several meta-analyses

 Absolute reduction highest where inputs from 
cropland are high

 Efficiency increases with buffer width (Mayer et al. 
(2007), with marginal benefits decreasing 
significantly beyond 10m. 

 Buffer widths of more than 30 m are needed to 
achieve significant nitrate removal at the watershed 
scale (Sweeny & Newbold 2014).

 Not much difference between forested vs grassy



Defining the baseline

 Use scenarios to estimate service 
provided:

1: removal of uptake capacity of natural 
habitats (a hypothetical construct) 

2: replacing natural habitats with a likely 
alternative land use

quantifies the 
active + passive 
services

quantifies the 
active service



Valuation: sedimentation 

 Model sediment yield
 Difference in sediment load at each point of 

interest with and without service (tonnes/year)

 Estimate loss of reservoir capacity
 with vs without service (m3/year)

 Valuation (avoided costs approach)
 Value avoided sedimentation at points of interest 

($/year):
 reservoir storage replacement costs 
 avoided harbour dredging costs

 Map value to source areas ($/ha/year)
 Based on physical model coefficients

Land cover 
& use

Net sediment 
yields

Sedimentation/
loss of 
capacity

Dredging and 
infrastructure 
costs



Valuation: WQ amelioration

 Physical modelling 
 Change in nutrient load at each point of 

interest (m3/year)
 Mapping the removal back to service 

areas (m3/ha/year) based on model 
coefficients

 Valuation 
 Avoided treatment costs at each treatment 

plant based on empirical model –
treatment costs = f(N, P entering dams) 

 Map value to source areas based on 
removal rate ($/ha/year)

Land cover 
& use

River WQ

Reservoir 
WQ

Chemical use, 
backwashing & 
sludge removal 
at WTW

Water 
treatment 
costs



Valuation: WQ amelioration

 Few studies directly relate catchment land 
cover to water treatment costs
 Many anecdotal reports, but little empirical evidence 

 Some early studies have been criticized

 Vincent et al. 2015 analysed effect of forest 
cover on water treatment cost
 Rigorous approach  using fixed effects and 

instrumental variable (IV) models

 1% increase in virgin forest reduces costs by 1.16%

 ESAforD study used this approach to value 
water quality amelioration in South Africa, 
Sweden, Costa Rica, China, Kenya, Ethiopia & 
Tanzania

Land cover 
& use

River WQ

Reservoir 
WQ

Chemical use, 
backwashing & 
sludge removal 
at WTW

Water 
treatment 
costs



Demand in Namibia?

Water quality amelioration Sediment retention 



Valuing this service in Namibia

 Hydrological based modelling techniques required:
 Model effect of removing retention ability of wetlands and the 

landscape and the resultant WQ at abstraction points or water 
supply dams 

 Use cost function to predict increase in treatment costs 
associated with loss in function of natural ecosystems

 Model the flow of water and sediment for each catchment
 The costs of sedimentation of dams estimated as replacement 

cost of lost storage capacity 
 Use models that works on a daily time scale rather than more 

simplistic annual average models
 Time and data intensive



Improvements?

 Models need better calibration with empirical estimates. 
 E.g. Vincent et al. 2015
 Now embarking on this in SA for physical aspect

 Two stage valuation probably best, since expenditures 
will be sporadic
 empirical analysis of expenditure in relation to land cover 

would be difficult
 Rethink attribution of values to ecosystems

 Rather attribute negative value to sources of erosion than 
positive value to natural land cover.  Then:
 Only the active service is mapped to the natural ecosystems
 Externalities of production areas are internalised



AGRICULTURAL SUPPORT



Overview

 Natural habitats support organisms that provide 
agricultural support services in the form of pollination
and the biological control of agricultural pests.  

 Majority of commercial crops are dependent upon 
honeybee pollination in order to produce fruit and seed
 30% of worldwide food production is reliant upon this service

 Relatively little empirical research carried out on 
natural systems’ contribution to pollination and pest 
control



Pollination



Overview

 Pollination of crops by wild organisms
 Applies only to insect-pollinated crops (not maize etc.)
 Producers may be partly or entirely dependent on this 

service.

 Value attributed to the habitat supporting the 
pollinators

 Complicated by use of managed bee hives which 
are partly dependent on natural ecosystems

 Also co-dependence of honey bees on crops that 
they pollinate



Analysis

 Commonly estimated using “bee factor” (% 
dependency of crop production on pollination)
 Problem of attribution of value

 Replacement costs – likely to be lower and more 
realistic

 Empirical valuation – e.g. Tanzania, 
 Very data intensive
 Cannot separate from pest control service



Pollination service in Namibia

 Largest areas of cultivated land 
in northern communal areas
 Main crops are dryland cereal 

crops, wind pollinated

 However, production of 
horticultural fresh produce 
increased over last decade, 
growth of demand 15-25% 
annually

 No spatial data on distribution of 
crop types 

 Value of wild pollination services 
attributable to the natural 
vegetation surrounding irrigated 
areas



Biological pest control



Overview

 Animals residing in natural habitats provide some 
degree of control of agricultural pests through 
predation 

 If natural habitats are degraded or lost, pest 
damages would increase
 lower crop yields and increased expenditure on control 

methods (insecticides etc.)

e.g. Ladybird beetles 
are a natural predator 
of aphids



Pest control service in Namibia 

 Benefit transfer method used to get preliminary estimate
 In USA, biological pest control saves 4.24% of total crop 

production value (Losey & Vaughan 2006)

 Extrapolated to the value of production of crops in 
Namibia 
 Based on production and prices of white maize, mahungu (pearl 

millet), wheat and horticultural crops

 Estimated to be worth some N$37 million/y

 Value mostly attributed to natural habitats within a 2 km 
radius of agricultural fields



REFUGIA/CRITICAL HABITATS



Overview

 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
 Not valued as part of the Namibian ES assessment 

(marine ecosystem not included)



Refugia



Overview

 Survival areas during unfavourable 
conditions

 Where the negative effects of 
disturbance are lower than those in 
the surrounding area (or time)

 Serve as a source for recruitment or 
recolonization to more severely 
affected areas, i.e. dispersal 
sources



Refugia in Namibia

 Important Bird Areas
 E.g. Sandwich Harbour and Walvis Bay Lagoon

 Ephemeral pans 
 Important stop-over role for Palearctic migrants

 Desert-adapted mammals such as lion, elephant and 
giraffe within the Kunene region 
 Range over very large areas but tourism value realised in only 

one or two areas

 Eastern Caprivi, wildlife movement between countries
 Contribute to maintaining the populations that are of tourism 

value within the protected areas 



Valuing refugia in Namibia

 Valuation of this service is uncommon in ecosystem service 
valuation studies given the data requirements.  

 If one was to try and value this ecosystem service we would need 
to estimate the following:
1. Which species are providing value in one area but are also 

dependent upon another area for part of their lifecycle;
2. What are the values of these species in the area where the 

value is realised (locally and internationally); 
3. Decide how the value should be spread between the area 

where the value is realised and the other areas (refugia) they 
are dependent upon; and 

4. The extent to which the value is affected by a change in quality 
of the refugia area.



Nursery value



Fish use estuaries as nursery areas

 Many marine species utilize estuaries 
as nursery areas.

 Calm, warm, food-rich.

 Adults spawn at sea, larvae or 
juveniles enter estuaries by following 
physico-chemical cues.

 After estuary dependent phase 
return to marine waters.

 Become available to marine 
fisheries.

 Require mouth estuary mouth to be 
open at correct time and suitable 
water quality.

Source: Whitfield (1998)



e.g. Nursery function of St Lucia

 St Lucia is important nursery 
area for 35 important 
recreational and commercial 
line fish species

 St Lucia, Richards Bay and 
Mhlatuze estuaries support 
Thukela Banks prawn trawl 
fishery



Estuary dependent fish species in St Lucia

 155 sp. recorded from St Lucia (Cyrus 2013)

 44 % marine species (Category III)

 71 sp. use St Lucia as nursery area 
(Categories I, IIa, IIb and IIc)

 35 Important in fisheries
Pomatomus saltatrix (IIc)

Caranx ignobilis (IIb)

Rhabdosargus holubi (IIa)

Pomadasys commersonnii (Iia)
Lichia amia (Iia)



Methods

 Compared catch composition 
between 1995/6 and 2010 
(after long period of closure)
 Lamberth & Turpie 
 Dunlop & Mann

 Used degree of estuary 
dependence to determine 
estuary contribution to catch 
value

 Fisheries considered:
 KZN Recreational shore angling
 KZN Recreational boat angling
 KZN Commercial line fishery
 Inshore crustacean trawl

Natal stumpnose



Estimated nursery value

 By 2010, estuary dependent species 
had decreased significantly in all 
recreational and commercial catches

 The total value of line-fishing catches 
attributable to estuaries has halved 
from R214 million to R105 million (for 
multiple reasons)

 The prawn fishery collapsed from R4.8 
million.

 Taking varying level of dependence 
into account, the contribution of the St 
Lucia nursery area was estimated to be 
R31.5 million p.a.
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Namibia’s ecosystem services



Value of ES in Namibia

 Total value of N$13 billion/y, 9% of GDP
 Certain regulating services yet to be valued
 Tourism value accounts for 40% and fodder provision 

29% of overall value 
 Rainfall (productivity) and human populations (demand) 

played large roles in determining spatial pattern



By land tenure type

Ecosystem Service
Freehold 

land
Communal 

land
Protected 

Areas
N$ N$ N$

Provisioning Woody resources 12 1 862 
Non-woody resources 8 740 
Food and medicines 10 668 
Inland fisheries 109 
Livestock fodder 2 282 1 518 
Game (meat) 94 10 
Game (trophies) 78 1 

Amenity Tourism (nature-based) 1 208 1 813 2 179
Regulating Carbon storage 16 19 3 

Groundwater storage 373 66 9 
Total 4 081 6 806 2 191 



DEGRADING PROCESSES 
AFFECTING ECOSYSTEM SERVICES



Ecosystem degradation

Freehold land Communal land Protected Areas

• Overgrazing
• Over-abstraction of 

groundwater
• Bush encroachment
• Fires

• Overgrazing
• Over-abstraction of 

groundwater
• Bush encroachment
• Fires
• Over-harvesting of natural 

resources
• Poaching
• Clearing of land

• Overgrazing
• Off-road driving
• Mining
• Over-harvesting of 

natural resources
• Poaching

 Areas where values of ES are highest are usually areas most at risk of 
degradation

 Forces that drive degradation not evenly distributed across the country

 Three major degrading processes: overgrazing, bush encroachment and 
overexploitation of natural resources 



Overgrazing

 In many areas of the country, 
grazing exceeds estimated 
carrying capacity. 

 Poor rangeland management & 
loss of perennial grasses 
affects a number of regulating 
services:
groundwater recharge, 

sediment retention, water 
quality amelioration and 
flood attenuation



Bush encroachment

 Bush encroachment affects an 
estimated 26-30 million ha of land in 
Namibia
 Occurs mainly in the north-central freehold 

areas

 Biggest impacts are lowering carrying 
capacity for grazing & decreasing the 
rate of groundwater recharge

 Affect freehold land much more than 
communal land

 Significant effect on local biodiversity 
and wildlife
 Tourism values, visual appeal of landscape



Overexploitation of natural resources

 High value of natural resources 
across communal land

 A number of areas where demand 
for resources was far greater than 
the ability of the ecosystem to 
sustainably supply them
 Northern regions, population 

density highest

 Leads to degradation and loss of 
value unless mechanisms are put in 
place to limit over-use



Recap, overview of methods and 
discussion



Selecting ES valuation methods

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

 Time, data and budget also exert a strong 
influence over the choice of methods selected

 Triangulation is important: always better to use 
several methods, so as to cross-check the 
results and present a range of possible values



Summary - valuation methods

“products” 
(firewood, timber, 
medicinal plants, 

timber, etc. …)

supporting  & 
regulating services 

(e.g. erosion control, 
soil productivity, 
pollination,  fish 
nursery, etc. …)

recreational & 
tourism values

landscape & 
aesthetic values

supporting  & 
regulating services 

(e.g. erosion 
control, flood 

control, climate 
mitigation, etc. …)

option & 
existence values 

(e.g. cultural, 
heritage, bequest, 
aesthetic, etc. …)

Surrogate 
Market 

Approaches

Travel Costs

Hedonic Pricing

Contingent 
Valuation

Choice 
Experiments

Production 
Function 

Approaches

Change in 
Production

Cost-Based 
Approaches

Mitigative or 
Avertive

Expenditures

Damage Costs 
Avoided

Replacement 
Costs

Stated 
Preference 
Methods

Market
Prices

Market Prices

Substitute Prices



Pitfalls to avoid

 Estimate net benefits, not gross benefits
 Include opportunity costs
 Avoid using replacement costs
 Avoid extrapolating from other studies from a different 

area or scale
 Avoid double-counting
 Don’t include global benefits when study is from 

national perspective
 Adjust for price distortions
 Avoid spurious precision
 Make sure the results make sense

Pagiola et al. 2009



End Day 2



Ecosystem valuation “toolbox”

Revealed 
preference 
methods

Travel
Costs

Hedonic 
Pricing

Production 
Function 

Approaches

Effect on 
Production

Market
Prices

Market
Prices

Cost-
Based 

Approaches

Damage 
Costs 

Avoided

Replacement 
Costs

Mitigative 
& Avertive 

Expenditures

Unit 
Transfer

Function
Transfer

Meta-
Analysis

Contingent 
Valuation

Choice 
Modelling

Substitute
Prices

using existing price data asking 
directly

Market-based Methods
Benefit 
Transfer 
Methods

Stated 
Preference 
Methods

using 
others’ data
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