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Abstract  15 

The method of monetary valuation of ecosystem services has been argued to depend on the type of 16 

ecosystem under consideration and the choice of valuation method. Still, the impact of these factors 17 

has been hardly studied in a quantitative manner. This study aims to analyze the differential effects of 18 

ecosystem type and valuation method on the values estimated for ecosystem services, as well as the 19 

potential impact of these effects on aggregated values for ecosystem services. Drylands pose a highly 20 

relevant case to investigate these impacts, because they are particularly diverse in ecosystem types, 21 

the provided ecosystem services and, hence, are also expected to be estimated with various methods. 22 

Our analysis is based on a quantitative analysis of monetary estimates for ecosystem services 23 

(expressed in Int$/ha/yr) that were compiled in a comprehensive database containing 512 24 

observations from 57 studies located in drylands worldwide. Our results reveal that the estimated 25 

values for dryland ecosystem services depended on the type of ecosystem and method under 26 

consideration. Several of these differential effects had a significant impact on the aggregated mean 27 

values for dryland ecosystem services. Cultivated lands had high mean values for provisioning services, 28 

in particular for food provision, but low values for regulating services. In dry forests, biodiversity-29 

related services were estimated high, in contrast to semi-deserts and arid wetlands. Compared to 30 

other methods, market pricing estimated low values for climate regulation and high values for 31 

biological regulation. When values were aggregated for ecosystem services, market pricing was found 32 

to impact the mean value for climate and biological regulation significantly. Our results highlight the 33 

importance of explicit consideration of methods and ecosystem types in monetary valuation, which 34 

could lead to more accurate approximation of ecosystem service values.  35 

Keywords Dryland; ecosystem services; monetary valuation; differential effects; valuation methods; 36 

ecosystem types  37 
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1. Introduction  38 

The valuation of ecosystem services is a means to express the (relative) importance of the benefits 39 

that people obtain from ecosystems (Daily et al., 2009). Although recently more attention is directed 40 

towards non-monetary and integrated valuation approaches (Kelemen et al., 2016) and despite various 41 

criticisms on monetary valuation approaches (Bockstael et al., 2000; Kallis et al., 2013; Spangenberg 42 

and Settele, 2010; Spash, 2008), the empirical studies on the valuation of ecosystem services are still 43 

predominantly concerned with economic or monetary valuation of ecosystem services (de Groot et al., 44 

2012; Liu et al., 2010). Also global databases for ecosystem service values, such as The Economics of 45 

Ecosystems and Biodiversity (TEEB, 2010a), which are typically used to value ecosystems and 46 

management practices, primarily include monetary value estimates.  47 

Meanwhile, it has been observed that monetary valuation of ecosystem services may depend strongly 48 

on the appraisal process (Jacobs et al., 2016; Vatn, 2009). The choice of valuation methods has been 49 

claimed to direct the valuation outcome (Martín-López et al., 2013; Spangenberg and Settele, 2010; 50 

Vatn, 2009; but for a contrast see Brander et al., 2006), also because valuation methods tend to be 51 

used outside their originally intended scope of application (Bateman et al., 2011; Farber et al., 2006). 52 

In addition, the type of ecosystem that is delivering the ecosystem service in question has been noted 53 

to affect the monetary value, as the capacity of ecosystems to deliver services may vary based on the 54 

underlying functions and processes (La Notte et al., 2015; Villamagna et al., 2013). However, only a 55 

few studies have investigated whether these factors affect the estimated monetary values for 56 

ecosystem services in a quantitative manner. Ghermandi et al. (2010) found that the monetary 57 

valuation of ecosystem services in wetlands depended on the type of wetland ecosystem considered, 58 

while Quintas-Soriano et al. (2016) found that the monetary valuation of ecosystem services in Spain 59 

was affected by the methodological approaches of valuation methods. 60 

Yet, although the impact of these factors on the monetary valuation of ecosystem services has been 61 

described extensively, still many studies aggregate monetary values of ecosystem services in order to 62 
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calculate the total economic value of ecosystems or biomes. A well-known example is the study by 63 

Costanza et al. (1997) that aggregated values for different ecosystems to arrive at global estimates for 64 

the value of nature. More recent examples are studies that have summed up values delivered by 65 

different ecosystems to arrive at a total value for a particular study area (e.g. Brenner et al., 2010), 66 

while others have aggregated values for ecosystem services that were estimated with different 67 

methods and delivered by diverse ecosystems to come to total values for global biomes (e.g. de Groot 68 

et al., 2012) or country-wide assessments (e.g. UK National Ecosystem Assessment, 2011).  69 

The extent to and the conditions under which valuation methods and ecosystems affect the monetary 70 

values estimated for ecosystem services, and hence also the total economic values, have not been 71 

investigated comprehensively and quantitatively so far (Jacobs et al. 2016). Hence, such a quantitative 72 

analysis can give important insights into whether these aspects affect the research outcomes of 73 

valuation studies. In particular, since the valuation of ecosystem services may be confounded, when 74 

different methods or specific ecosystem types are selected preferentially. 75 

The interdependencies between ecosystem service value estimates and the type of ecosystem on the 76 

one hand and valuation method on the other hand may, particularly, play a role in drylands, because 77 

they include a diversity of ecosystem types within their biome (i.e. as occurring across arid to sub-78 

humid climates, coinciding with a 0.05-0.65 aridity range; Bastin et al., 2017; Maestre et al., 2012; 79 

UNCCD, 1994). These ecosystem types include semi-deserts, grasslands, woodlands and dry forests, 80 

but also cultivated lands and (semi-)arid wetlands (from here onwards called arid wetlands; 81 

Millennium Ecosystem Assessment, 2005; Shackleton et al., 2008). Though the latter category may 82 

seem counterintuitive, a high number of arid wetlands occurs within drylands, particularly in semi-arid 83 

and sub-humid climate zones (Williams, 1999). These arid wetlands are often temporary due to 84 

seasonal or erratic filling (Scoones, 1991; Walker et al., 1995; Williams, 1999). Drylands are also diverse 85 

in the ecosystem services they can deliver, on which an estimated third of the global human population 86 

depends for their well-being and livelihood (Bagstad et al., 2012; Millennium Ecosystem Assessment, 87 
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2005; Reynolds et al., 2007; Shackleton et al., 2008). Hence, drylands are a highly relevant case to 88 

investigate the possibly confounding, differential effects of ecosystem types and valuation methods 89 

on the value estimates of ecosystem services provided.  90 

Our aim was to carry out a systematic analysis of the differential effects of ecosystem type and 91 

valuation method on the monetary value estimates (as expressed in Int$/ha/yr) for dryland ecosystem 92 

services, based on a quantitative analysis of monetary estimates for ecosystem services located in 93 

drylands worldwide. With differential effects, here, we mean the different effects of dryland 94 

ecosystem types and valuation methods on the estimated values for dryland ecosystem services: 95 

estimated values for dryland ecosystem services may differ, when they are provided by different 96 

dryland ecosystem types or when they are estimated with different valuation methods. In order to 97 

address our study aim, we, firstly, aimed to investigate whether and to what extent the monetary value 98 

estimates for particular dryland ecosystem services depended on the dryland ecosystem type under 99 

consideration. Secondly, this study aimed to analyze whether and to what extent the monetary value 100 

estimates for particular dryland ecosystem services depended on the valuation method applied. 101 

Thirdly, this study aimed to evaluate the potential impact of specific ecosystem types and valuation 102 

methods on the aggregated mean monetary values for dryland ecosystem services in order to assess 103 

potential bias when such values are aggregated.  104 

We expected that ecosystem services provided by different dryland ecosystems would have different 105 

monetary value estimates, based on the literature cited above. For example, due to the high capacity 106 

of arid wetlands to deliver water-related services (e.g. fresh water provision and water regulation), 107 

these may be expected to be valued highly. Also, we expected that different valuation methods would 108 

lead to different monetary value estimates for the same dryland ecosystem service, as these methods 109 

are based on different approaches and address different value types (Bateman et al., 2011; Farber et 110 

al., 2006). For example, as market-based methods are specifically developed for valuation of 111 

provisioning services, they are expected to provide better estimates for these services than, for 112 
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example, revealed preference methods which were primarily developed for valuation of cultural 113 

services. Finally, we expected that the above-mentioned, differential effects would result in biased 114 

values when aggregating value estimates for dryland ecosystem services. 115 

2. Methods 116 

2.1 Database of dryland ecosystem service values 117 

We compiled monetary estimates of dryland ecosystem services in a database. As a starting point, we 118 

used the TEEB valuation database (van der Ploeg and de Groot, 2010), from which we only extracted 119 

studies that were located in drylands, i.e. having a degree of aridity between 0.05-0.65 (following the 120 

definition of drylands by the UNCCD (1994); thus excluding hyper-arid regions having an aridity lower 121 

than 0.05). Based on these records, we went back to the original valuation studies to validate the 122 

recorded data and, if needed, recode observations into singular ecosystem service value estimates. 123 

Next to the studies extracted from the TEEB database, we complemented the dataset with valuation 124 

studies that were collected from an additional literature review of peer-reviewed and grey literature. 125 

Observations were only included in the database when they met the following criteria: (1) the study 126 

site was located in a dryland (i.e. having a degree of aridity between 0.05-0.65), (2) the recorded value 127 

estimate was for a singular ecosystem service, (3) the value estimate for an ecosystem service 128 

represented a monetary value that could be standardized, and (4) sufficient data characteristics were 129 

available on the ecosystem service, dryland ecosystem type and valuation method. As a result, an 130 

observation in our dataset represents the monetary value estimate for a dryland ecosystem service (1) 131 

for a specific ecosystem service, (2) delivered by a specific dryland ecosystem, and (3) calculated with 132 

a specific valuation method. From some valuation studies, single observations of dryland ecosystem 133 

service value estimates were collected, while from other studies multiple observations for dryland 134 

ecosystem services value estimates were collected, either for different services or for the same or 135 

similar services, that were estimated with different methods or delivered by different ecosystems or 136 
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study areas. The resulting database contains 512 observations derived from 57 studies (see appendix 137 

table A.1 for an overview of these studies).  138 

For each observation of a monetary value estimate of a dryland ecosystem service in the database, we 139 

recorded information about (1) the ecosystem service provided, (2) the dryland ecosystem type 140 

considered and (3) the valuation method used. Firstly, the ecosystem service of which the monetary 141 

value was estimated was defined following the classification for ecosystem services by TEEB (2010b). 142 

As some ecosystem services had too few observations to be included individually in the statistical 143 

analysis, they were merged with similar services into ecosystem service groups (table 1). For one 144 

specific subservice, we deviated from the TEEB classification to better fit the recorded dryland 145 

ecosystem services: TEEB has included the provision of natural extractive products with raw materials 146 

provision, however, here, we have included this service in the biochemicals provision group, because 147 

in drylands these products concern biochemicals, such as natural oils, salts, gums and resins (Gachathi 148 

and Eriksen, 2011). In order to examine the impact of clustering ecosystem services into groups, the 149 

number of observations, average values and standard deviations were summarized in appendix table 150 

A2. This table showed that the means of the subservices did not differ or when they differed that this 151 

was not related to the use of different valuation methods. Hence, the clustering of subservices into 152 

ecosystem service groups created only potentially more within-group variance, but did not lead to 153 

statistical artefacts. Together, this resulted in nine ecosystem service groups: (a) provisioning services 154 

including food, fresh water, raw materials and biochemicals provision; (b) regulating services including 155 

climate, water, soil and biological regulation; and (c) cultural services (table 1).   156 



8 
 

Table 1. Dryland ecosystem service groups in the dryland database (N=512), including a description of 157 

the specific services included and their number of observations. 158 

Ecosystem 
service class 

Dryland ecosystem 
service groupa 

Description Number of 
observations 

Provisioning  Food provision Fish, meat (i.e. wildlife and livestock), vegetables and forest 
products (i.e. honey and fruit) 

97 

 Fresh water 
provision 

Drinking, irrigation and industrial water 21 

 Raw materials 
provision 

Bulk materials, including fuelwood, charcoal, fibers (i.e. thatch, 
reeds and grasses), timber and fodder 

142 

 Biochemicals 
provision 

Genetic and medicinal resources (i.e. medicinal plants and 
bioprospecting), ornamental resources (i.e. decorations and 
handicrafts), forest products (i.e. cork and gum) and other natural 
extractive products (i.e. natural oils, salts, dyes)  

60 

Regulating  Climate regulation Carbon sequestration 21 

Water regulation Water flow regulation, water purification and flood attenuation 38 

Soil regulation Soil erosion prevention and maintenance of soil fertility (i.e. 
nutrient deposition and cycling) 

22 

Biological 
regulation  

Biological control, pollination, and maintenance of biological and 
genetic diversity 

45 

Cultural  Cultural services Recreation, (eco)tourism, hunting, aesthetic and inspirational 
services 

66 

a Following the TEEB classification for ecosystem services (TEEB, 2010b).  159 

Secondly, the dryland ecosystem type that delivered the ecosystem service was specified. We 160 

categorized ecosystems into six types, including semi-deserts, grasslands, woodlands, dry forests, arid 161 

wetlands and cultivated lands. Semi-deserts (N=47) included open landscapes with low shrub 162 

vegetation, such as the succulent Karoo and Nama Karoo (i.e. xeric shrubland) and the Masai xeric 163 

grass- and shrublands. Grasslands (N=35) consisted of temperate and tropical natural grasslands, 164 

including steppes, prairies and rangelands. Woodlands (N=218) included shrublands (i.e. fynbos and 165 

Mediterranean shrublands), woodlands (i.e. Mediterranean, Miombo and Acacia woodlands) and 166 

savannas (i.e. varying from open to more closed woodlands). Dry forests (N=74) included temperate 167 

dry forests and (sub)tropical broadleaf and coniferous dry forests (e.g. tropical dry forests in Ecuador, 168 

India and Mexico). Arid wetlands (N=106) consisted of inland wetlands: in addition to a few mangroves, 169 

riparian buffers, rivers and lakes, this ecosystem type mainly included seasonal floodplains, swamps 170 

and marshes located in sub-Saharan Africa, such as the Waza Lagoon in Cameroon, the Sourou Valley 171 
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in Burkina Faso and the Okavango Delta in Botswana. Lastly, cultivated land (N=32) included mainly 172 

croplands, and a few observations for orchards, greenhouses, aquaculture and urban green spaces.  173 

Thirdly, the valuation method used to estimate the monetary value for dryland ecosystem services was 174 

explicitly considered. We grouped the valuation methods that were recorded in our dataset into five 175 

valuation approaches based on the TEEB classification (TEEB, 2010c). These methods included: market 176 

pricing, production function, cost-based (i.e. avoided cost, replacement cost, and mitigation and 177 

restoration cost), travel cost and contingent valuation. In addition, the category ‘benefit transfer’ was 178 

created for secondary valuation observations, that were based on one or more primary valuation 179 

studies that were adapted to local circumstances. We only included secondary valuation estimates for 180 

which double counting with primary valuation observations in the database was ruled out. Finally, the 181 

category ‘other methods’ was created for observations that used a valuation method other than the 182 

above-defined methods or a combination of above-defined primary methods. A comprehensive review 183 

of the different valuation approaches included in our dataset can be found in Bateman et al. (2011), 184 

Farber et al. (2006) and Freeman III (2003). 185 

Monetary estimates estimated for dryland ecosystem services were standardized to 2007 International 186 

Dollar per hectare per year (from here onwards called: Int$/ha/yr) in order to have a consistent 187 

currency for values that originated from different countries and were estimated for different years. To 188 

arrive at 2007 International Dollar per hectare per year values, firstly, we recalculated monetary value 189 

estimates that were reported in foreign currencies to their local currency unit using the official 190 

exchange rate for the original year of study. Secondly, local currency values were converted to 191 

International Dollars using the Purchasing Power Parity (PPP) conversion factor in order to correct for 192 

differences in purchasing power between countries. Thirdly,  values were standardized to the year 193 

2007 using the GDP deflator in order to correct for price inflation between years. The values for the 194 

official exchange rate, PPP conversion factor and GDP deflator were all obtained from World Bank 195 

databases (World Bank, 2010). 196 
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2.2 Statistical analysis 197 

In the statistical analysis, the dependent variable was the monetary value for dryland ecosystem 198 

services. As the data for the dependent variable did not follow a normal distribution, we transformed 199 

it using its logarithm (10log) in order to be able to run parametric tests in the subsequent statistical 200 

analysis. After the 10log transformation, the dependent variable followed a normal distribution, which 201 

was tested using the Shapiro-Wilk test (W = 0.99, p = 0.16).  202 

In order to address our research aims, we carried out two statistical analyses. First, we defined two 203 

interaction terms for (1) ecosystem service with ecosystem types and (2) ecosystem service with 204 

valuation method. We tested whether these interaction terms were significant in two separate two-205 

way ANOVAs. To understand the combinations of (1) ecosystem services with ecosystem types and of 206 

(2) ecosystem services with valuation method that contributed to the significant interaction terms, we 207 

calculated the mean values for each of these combinations. Using a one-way ANOVA, we tested 208 

whether these means differed significantly from each other (at p < 0.05 level of significance). 209 

Subsequently, we tested which specific combinations differed significantly from each other using the 210 

Tukey post-hoc test (at p < 0.05 level of significance). For this latter analysis, combinations having only 211 

one observation were excluded from the dataset (this concerns seven combinations; see appendix 212 

table A.3 and A.4). 213 

Second, in order to evaluate the impact of not accounting for different methods and ecosystem types, 214 

we calculated the overall mean value for each dryland ecosystem services based on the dataset 215 

(N=512). In order to evaluate the impact of aggregating values across dryland ecosystems and 216 

methods, we analyzed whether the overall mean values for dryland ecosystem services changed when 217 

specific categories or combinations were omitted as compared to the overall aggregated values. For 218 

ecosystem types, omitted categories were selected based on the results of the differential impacts of 219 

ecosystem types on the monetary values of dryland ecosystem services. For valuation methods, a 220 

category was created that excluded benefit transfer, which is a secondary valuation method, and 221 
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‘other methods’, which constituted diverse methodological approaches that did not fit within one of 222 

the specified categories. As valuation methods may have been used to estimate values for a wider 223 

range of services than for which they were primarily developed (Bateman et al., 2011; Farber et al., 224 

2006; Freeman III, 2003), another category was created that only included the combinations of 225 

methods with the ecosystem services for which they were designed originally (see appendix table A.5 226 

for an overview). In order to evaluate whether the differences among the dryland ecosystem services 227 

changed as compared to the overall aggregated values for dryland services, we tested for differences 228 

among the means of dryland services within these newly created categories using one-way Anova test 229 

and for multiple comparisons using the Tukey post-hoc test (both at p < 0.05 level of significance).  230 

3. Results 231 

3.1 Description of observations in the dryland database 232 

More than half of the observations in the dataset were located in Africa (figure 1). A substantial 233 

number also came from Europe and Asia, while North America, South America and Australia had only 234 

a few observations. Nearly all combinations of dryland ecosystem services with dryland ecosystem 235 

types were present in the dataset, except for semi-desert, which lacked observations for food, fresh 236 

water and biochemicals provision, and climate and soil regulation services. These latter ecosystem 237 

services may either not be provided by semi-deserts (or to a lesser extent) or be lacking in the valuation 238 

studies that were collected in the database. The number of observations varied greatly over the 239 

different combinations, ranging from only one observation for seven combinations up to N=71 for raw 240 

materials provision from woodlands (see appendix table A.3). For valuation methods, observations for 241 

39 out of a potential of 63 combinations of dryland ecosystem services and valuation methods were 242 

present in the dataset. Most of the valuation methods, including market pricing, production function, 243 

cost-based and benefit transfer methods, had observations for most ecosystem services. The other 244 

valuation methods, including travel cost, contingent valuation and other methods, had only 245 

observations for a few services. Specifically, the travel cost method had only observations for cultural 246 
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services. Furthermore, large variation was found in the number of observations per combination of 247 

dryland ecosystem service and valuation method, ranging from one observation for several 248 

combinations to N=90 for food provision and N=129 for raw materials provision, both estimated with 249 

the market pricing method (appendix table A.4). 250 

 251 

Figure 1. Number of observations on each continent in the dryland database (N=512) indicated as a percentage 252 

(%) in the diagram and their actual number of observations is given between brackets.  253 

>>> 1.0-column fitting image 254 

3.2 Differential effects of ecosystem type 255 

The interaction term defined for the combinations between ecosystem services and ecosystem types 256 

was found to be highly significant (F(41,463) = 4.52, p < 0.001), which showed that dryland ecosystem 257 

services have different monetary value estimates when they are provided by different dryland 258 

ecosystems, which was according to expectations. The mean estimated values for specific ecosystem 259 

services provided by different dryland ecosystems varied widely: from less than 1 to over 3,000 260 

Int$/ha/yr (figure 2a and appendix table A.3). Figure 2a shows that no homogenous pattern of mean 261 

value estimates existed across dryland ecosystem types and ecosystem services. Notably, cultivated 262 

lands had relatively high mean values for provisioning services and low mean values for regulating 263 

services, as compared to the other dryland ecosystem types. Arid wetlands received relatively high 264 

mean values for regulating services (except for biological regulation) as compared to the other dryland 265 
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ecosystems. For biological regulation, dry forests had relatively a high mean value, while semi-deserts 266 

had a remarkably low mean value. Apart from a few exceptions, semi-deserts, grasslands and 267 

woodlands had relatively low mean values for all services as compared to other ecosystem types.  268 



14 
 

 269 

 270 

Figure 2. Radar plots showing the mean monetary value estimates of the combinations of dryland ecosystem 271 

services (expressed in Int$/ha/yr, on a log scale and indicated on the nine radar axes) and (a) dryland ecosystem 272 
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types and (b) valuation methods (both displayed on the radar axes using different colors). Mean value estimates 273 

represent the back-transformed 10log mean values (using their exponential) and are based on the dryland 274 

database (N=512). Numeric values of the mean value estimates of all combinations can be found in appendix 275 

tables A.3 and A.4. To increase visibility dots are connected with punctuated lines, though these lines themselves 276 

are meaningless.  277 

>>> 2.0-column fitting image; color image online and in print 278 

The post-hoc analysis showed that nine different groups of ecosystem service and ecosystem type 279 

combinations could be distinguished (table 2), in which group I had significantly lower monetary value 280 

estimates than group IX. The number of observations for the combinations in these groups varied 281 

considerable (N = 5-43; appendix table A.3). This result showed that mean value estimates for the 282 

combinations in group IX, including fresh water provision and water regulation by arid wetlands, water 283 

regulation in semi-deserts, food provision from cultivated lands, and biochemicals provision and 284 

biological regulation in dry forests, were significantly higher than mean value estimates for 285 

combinations in group I, including food and biochemicals provision by arid wetlands, food provision by 286 

woodlands, soil regulation in grasslands, and biological regulation in semi-deserts.   287 
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Table 2. Multiple comparisons of the combinations of dryland ecosystem services with dryland ecosystem types, 288 

indicating to which group each combination belongs (in roman numbers) as tested with the Tukey post-hoc test, 289 

in which combinations that showed the same behavior belonged to the same groupa. Combinations in group I 290 

(having lowest mean monetary value estimates) differed significantly from those in group IX (having highest 291 

mean monetary value estimates; at p < 0.05 levels of significance). Both groups are indicated with bold symbolsb. 292 

 Dryland ecosystem type 

Dryland ecosystem service Semi-desert Grassland Woodland Dry forest Arid wetland Cultivated land 

Food provision  III I IV I IX  

Fresh water provision  V V 
 

IX VIII 

Raw materials provision II V VI III III 
 

Biochemicals provision  V VII IX I VIII 

Climate regulation  V II V 
 

 

Water regulation IX  V V 
 

IX  

Soil regulation 
 

I  
 

V V V 

Biological regulation I  V V IX  V V 

Cultural services V V III V VII VII 

a The combinations between ecosystem services and ecosystem types were tested whether their means were significantly 293 

different from each other using the Tukey post-hoc test. Combinations that had the same differences in comparison to other 294 

combinations were grouped together, as indicated with roman numbers.   295 

b The intermediate groups II-VIII overlap in varying degrees with each other: this is depicted in appendix figure A.1. 296 

Also, these findings showed specific differences that occur within the same ecosystem service and the 297 

same dryland ecosystem type. Significant differences within an ecosystem type were found for semi-298 

deserts, where water regulation had significant higher mean value estimates than biological 299 

regulation, and for arid wetlands, where fresh water provision and water regulation had higher mean 300 

value estimates than food and biochemicals provision. Significant differences within ecosystem 301 

services were exemplified by food provision being estimated significantly higher in cultivated lands 302 

than in woodlands and arid wetlands. Also, biochemicals provision from dry forests was estimated 303 

significantly higher than from arid wetlands. Furthermore, biological regulation was estimated 304 

significantly higher in dry forests than in semi-deserts.  305 

3.3 Differential effects of valuation method 306 



17 
 

The interaction term between dryland ecosystem services and valuation methods was highly 307 

significant (F(31,473) = 4.57, p < 0.001), which showed that specific methods estimated the value of 308 

specific dryland ecosystem services differently, as expected. In figure 2b, the mean monetary value 309 

estimates for each dryland ecosystem service per different valuation methods are depicted (see 310 

appendix table A.4 for the mean values and standard deviations). This figure reflects the heterogeneity 311 

in mean value estimates across dryland ecosystem services and valuation methods. The amount of 312 

variation depended on the ecosystem service considered, as, for example, it was low for cultural 313 

services, but high for food provision and biological regulation. In general, benefit transfer and 314 

production function were on the higher value end, while market pricing was on the lower end. Also, 315 

the category ‘other methods’ showed a very variable pattern in mean value estimates for different 316 

dryland services.  317 

In the multiple comparison analysis, four different groups were found (at p < 0.05 level of significance; 318 

table 3). The combinations included in group I differed significantly from those in group IV, in which 319 

group I had significantly lower value estimates than group IV. This showed that the mean value 320 

estimates for the combinations of fresh water provision estimated with either market pricing, 321 

production function or benefit transfer methods were significantly higher than the mean value 322 

estimates for biological regulation estimated with the contingent valuation and most other services 323 

estimated with market pricing (i.e. food, raw materials and biochemicals provision and climate 324 

regulation). While all interactions in group I were based on a considerable number of observations (N 325 

= 12-129; appendix table A.4), the combinations occurring in group IV should be interpreted with care 326 

because they had a low number of observations (N = 2-3). Apart from soil regulation and cultural 327 

services, all services showed strong variation in mean value estimates depending on which valuation 328 

method had been used. Across valuation methods, some methods, including cost-based methods, 329 

showed little variation among mean value estimates for different services, while other valuation 330 

methods, including market pricing, production function and benefit transfer, showed considerable 331 

variation across services. Particularly notable results here were the high value estimates for fresh 332 
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water provision that were estimated with market pricing, production function and benefit transfer 333 

methods. Also, the low values for climate regulation estimated with market pricing and for biological 334 

regulation estimated with contingent valuation stood out.  335 

Table 3. Multiple comparisons of the combinations of dryland ecosystem services with valuation methods, 336 

indicating to which group each combination belongs (in roman numbers) as tested with the Tukey post-hoc test, 337 

in which combinations that showed the same behavior belonged to the same groupa. Combinations in group I 338 

(having lowest mean monetary value estimates) differed significantly from those in group IV (having highest 339 

mean monetary value estimates; at p < 0.05 levels of significance). Both groups are indicated with bold symbolsb. 340 

 Valuation method 

Dryland ecosystem 
service 

Market 
pricing 

Production 
function 

Cost-
based 

Travel 
cost 

Contingent 
valuation 

Benefit 
transfer 

Other 
methods 

Food provision I III      

Fresh water provision IV IV II  II IV  

Raw materials provision I II II     

Biochemicals provision I III      

Climate regulation I  III   II  

Water regulation   II   II III 

Soil regulation  II II     

Biological regulation II II II  I III II 

Cultural services II   II II II II 
a Same as in table 2. 341 

b The intermediate groups II and III overlap in varying degrees with each other: this is depicted in appendix figure A.2. 342 

3.4 Impacts of differential effects on aggregated values 343 

In order to evaluate the impact of not specifically accounting for valuation method or ecosystem type 344 

when aggregating the monetary value estimates for dryland ecosystem services, we aggregated the 345 

value estimates within our dataset into the overall mean monetary value estimates for dryland 346 

ecosystem services. These overall mean value estimates for dryland ecosystem services differed 347 

significantly from each other (F(8,503) = 5.00, p < 0.001). Figure 3 shows the overall estimated mean 348 

values for the different ecosystem services provided by drylands. Overall, estimated mean values for 349 

water-related services, including fresh water provision and water regulation, were high, which have 350 

been analyzed in detail  in Schild et al. (in review). Post-hoc test results showed that the mean value 351 



19 
 

estimates for fresh water provision and water regulation were significantly higher than for food and 352 

raw materials provision. In addition, water regulation had a significantly higher mean value estimate 353 

than soil regulation and cultural services in the post-hoc test.  354 

 355 

 356 

Figure 3.  Aggregated mean monetary values for dryland ecosystem services (expressed in Int$/ha/yr, on a log 357 

scale), showing in panel (a) all ecosystem types, ecosystems excluding cultivated lands and ecosystems excluding 358 
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arid wetlands, and in panel (b) all valuation methods, methods excluding benefit transfer and other methods, 359 

and ‘originally intended combinations’ including only the methods with ecosystem services combinations for 360 

which they were primarily developed (see table A.5 in the appendix). Mean values represent the back-361 

transformed 10log mean values (using their exponential) based on the dryland database (N=512), error bars 362 

indicate +/- 1 standard error of the mean and post-hoc test results are indicated with the letter codes next to 363 

each bar. The number of observations for each ecosystem service is shown in parentheses on the y-axis for each 364 

bar category, respectively. 365 

>>> 2.0-column fitting image 366 

The ranking in the monetary value estimates for dryland ecosystem services was found to strongly 367 

depend on particular combinations of ecosystem services with ecosystem types and ecosystem 368 

services with valuation methods. In order to evaluate the impact of specific ecosystem types on the 369 

aggregated monetary value estimates for dryland ecosystem services, we excluded two ecosystem 370 

types from our dataset that were expected to impact the mean value estimates. First, we excluded 371 

cultivated lands, as this ecosystem showed a contrasting pattern having relatively higher estimated 372 

values for provisioning and cultural services and relatively lower estimated values for regulating 373 

services as compared to all other ecosystem types (see figure 1a). In particular, food provision was 374 

found to be significantly higher in cultivated lands than in several other dryland ecosystems. When 375 

cultivated lands were excluded from the dataset (N = 480), mean value estimates for dryland 376 

ecosystem services were still significantly different from each other (F(8,471) = 5.79, p < 0.001; figure 377 

3a) and also the ranking was hardly affected according to the post-hoc test results. The only difference 378 

was that fresh water provision was no longer estimated significantly higher than raw materials 379 

provision, but water regulation was estimated significantly higher than two more services, being 380 

biochemicals provision and climate regulation.  381 

Second, arid wetlands were excluded from ecosystem types, as this is a ‘wet’ ecosystem in contrast to 382 

the otherwise dry ecosystems that are part of drylands and had significantly higher mean value 383 

estimates for water provisioning and regulating services. When arid wetlands were excluded from the 384 
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dataset (N = 406), mean value estimates for dryland ecosystem services differed significantly from each 385 

other as well (F(8,379) = 3.71, p < 0.001). When comparing the ranking for ‘all ecosystem types’ and 386 

‘wetlands excluded’ (figure 2a), on the one hand fresh water provision was no longer estimated 387 

significantly higher than food and raw materials provision and water regulation no longer higher than 388 

soil regulation and cultural services, though, on the other hand, biochemicals provision was estimated 389 

significantly higher than food provision. This latter finding demonstrated how low- or high-end value 390 

estimates for a particular services generated by a specific ecosystem type affected overall aggregated 391 

values. 392 

To evaluate the impact of specific valuation methods or combinations of specific methods and services 393 

on the aggregated mean value estimates for dryland services, we analyzed how different selections of 394 

methods and combinations affected the aggregated values in two different ways. First, we analyzed 395 

the impact of omitting benefit transfer and ‘other methods’. When they were excluded from the 396 

dataset (N = 431), mean value estimates for dryland ecosystem services still differed significantly from 397 

each other (F(8,422) = 2.89, p = 0.004). Post-hoc test results showed that on the one hand water 398 

regulation was no longer estimated significantly higher than soil regulation and cultural services, but 399 

on the other hand water regulation was estimated higher than biological regulation (figure 3b). In 400 

particular, a notable decrease in the aggregated mean value estimate for biological regulation was 401 

observed when benefit transfer and ‘other methods’ were excluded. Apart from this specific effect, 402 

however, the exclusion of benefit transfer appeared only to have a small effect on aggregated mean 403 

value estimates, showing that this category - which indirectly included a combination of primary 404 

methods - did not lead to any artificial effects in the results.  405 

Second, only combinations were included for which valuation methods were originally developed (see 406 

appendix table A.5). Mean value estimates for dryland ecosystem services in this dataset (N = 400) 407 

differed significantly from each other as well (F(8,391) = 4.04, p < 0.001). Post-hoc test results showed 408 

that – in contrast to the situation when all methods were aggregated – biological regulation had 409 
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significantly lower value estimates than fresh water provision, climate and water regulation (figure 3b). 410 

Again, the aggregated mean value estimate for biological regulation decreased: this time due to the 411 

exclusion of market pricing. Even more notable was the dramatic increase in the aggregated mean 412 

value estimate for climate regulation when market pricing was excluded.  413 

4. Discussion  414 

This study aimed to analyze the differential effects of ecosystem type and valuation method on the 415 

value estimates for dryland ecosystem services. We find that dryland ecosystem service value 416 

estimates depended on the ecosystem type and valuation method under consideration.  417 

4.1 Dependence on ecosystem type  418 

Our analysis supported our expectation that the estimated values for dryland ecosystem services 419 

depended on the type of ecosystem that delivered these services. Several specific combinations of 420 

ecosystem types and ecosystem services stood out. We found that provisioning services, and in 421 

particular food provision, from cultivated drylands were valued highly. In our dataset, food provision 422 

value estimates were mainly concerned with crop production, which may explain the high value found 423 

in cultivated drylands: croplands are often specifically managed for food production and principally 424 

aimed at achieving high yields (Power, 2010). Such intensive land use may crowd out the provision of 425 

other services, which may also explain why regulating services were valued much lower than 426 

provisioning services in cultivated drylands. The low values for regulating services compared to 427 

provisioning services are alarming, as regulating services, such as water infiltration, soil fertility and 428 

pollination, are essential to maintain provisioning services in the long run (Gordon et al., 2010; Power, 429 

2010). As population growth and increasing food demand in drylands are expected to drive expansion 430 

and intensification of dryland cultivation (Stringer, 2009), this calls for a fuller appreciation by decision 431 

makers of the importance of these regulating services in sustaining food provisioning in dryland 432 

cultivation.  433 
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Furthermore, biodiversity-related services, including biochemicals provision and biological regulation, 434 

were perceived particularly high in dry forests as compared to other dryland ecosystem types. Dry 435 

forests may have, in comparison to other dryland ecosystems, a high capacity to deliver such services, 436 

as they are characterized by a rich biodiversity (Miles et al., 2006) and are well represented among the 437 

global biodiversity hotspots (Myers et al., 2000). In our dataset, biochemicals provision in dry forests 438 

included predominantly bioprospecting for medicinal substances. The high value estimates for these 439 

services may be explained by the considerable interest of pharmaceutical companies and society in 440 

general that comes along with the use of plant-based materials in manufacturing and developing (new) 441 

medicines (Gundimeda et al., 2006). The value estimates for biological regulation in dry forests 442 

included mainly maintenance of species and biodiversity, which were predominantly estimated based 443 

on willingness to pay, either directly using contingent valuation or indirectly using benefit transfer 444 

based on willingness to pay values. This finding suggests that people may perceive the maintenance of 445 

biodiversity in dry forests as highly important, which underlines the importance of safeguarding the 446 

provision of these biodiversity-related services when managing dry forests, in particular given that the 447 

remainder of dry forests is threatened by forest loss and degradation (Miles et al., 2006). 448 

In addition to dependence on ecosystem type found at the high value end, we also found dependencies 449 

for several mean value estimates for ecosystem services that were provided by semi-deserts, 450 

grasslands and woodlands that were at the lower value end. For instance, biological regulation was 451 

estimated the lowest in semi-desert, while being estimated the highest in dry forest, and food 452 

provision was estimated the lowest in woodland, while estimated the highest in cultivated land. These 453 

low estimates may be due to that these ecosystem types may deliver these services in lower amounts, 454 

different form or of lesser quality, as they have generally a lower primary productivity (Noy-Meir, 455 

1973). Yet, it is important to keep in mind that even though the estimated monetary value for a service 456 

may be low, the service could be vital for the subsistence of local populations. Monetary valuation may 457 

not fully capture such a crucial social value (O’Farrell et al., 2011). To better capture such values, it may 458 

be helpful to use non-monetary valuation techniques in addition to monetary valuation tools (Kelemen 459 



24 
 

et al., 2016) in order to avoid the risk that these potentially low values might lead to further 460 

marginalization in public opinion and decision making, as drylands are already perceived as marginal 461 

lands (Reynolds et al., 2007). 462 

In conclusion, the dependencies of dryland ecosystem service values on specific dryland ecosystem 463 

types showed that services were valued differently in different ecosystems, which appeared, for 464 

instance, to be due to their type of management (as for food provisioning services by cultivated land) 465 

or their high capacity to deliver specific services (as for biodiversity-related services by dry forest). 466 

Despite the broadness of the categories in which we had pooled our data, variation within the 467 

categories did not dominate the results, as we found a substantial number of differential effects among 468 

specific ecosystem services and ecosystem types. These findings indicate that explicit consideration of 469 

the specific type of dryland ecosystem is key in valuation of dryland ecosystem services in order to 470 

account for these dependencies.  471 

4.2 Dependence on valuation method 472 

Our second expectation, that dryland ecosystem service value estimates depend on the method used, 473 

was supported by our findings as well. We found such dependence for several specific combinations 474 

of methods and services. For biological regulation, we found that especially contingent valuation 475 

estimated low values in comparison to other combinations. In our dataset, all value estimates for 476 

biological regulation with contingent valuation concerned non-use values (i.e. option, bequest and 477 

existence values) for the maintenance of genetic and biological diversity. As these types of values and 478 

services are less tangible (Bateman et al., 2011), people may have had difficulty to grasp the value of 479 

biological regulation, because they may find it difficult to understand the meaning and comprehend 480 

the importance of this service. In contrast, more tangible services, such as fresh water provision (i.e. 481 

direct water supply) and cultural services (i.e. dominated by recreation and tourism, such as wildlife 482 

viewing) were consistently estimated higher with contingent valuation. In order to better capture the 483 

different value dimensions of biological regulation, it could be useful to use an integrated approach in 484 
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which non-monetary and monetary valuation approaches are combined (Jacobs et al., 2016; Kelemen 485 

et al., 2016). This could be of particular relevance for drylands, as they are predominantly located in 486 

less developed regions (Reynolds et al., 2007), where monetization of values is a less common practice 487 

(Christie et al., 2012). 488 

While biological regulation was estimated relatively low when contingent valuation methods were 489 

used, we found that this service was estimated high by the market pricing and benefit transfer 490 

methods. This may relate to the fact that these market prices, which mainly concerned the net revenue 491 

of maintenance of a nursery habitat for fish species and alternative options for biodiversity 492 

conservation, were net values that were corrected for the costs of production. Hence they may not 493 

have been corrected for market distortions, such as taxes or subsidies (Bateman et al., 2011). In case 494 

of benefit transfer, the nature of this secondary valuation method may have led to systematically 495 

higher value estimates here, because the values were derived elsewhere (e.g. Brouwer 2000).  496 

Next to method dependencies for biological regulation, we also found a distinct impact of market 497 

pricing on the value for climate regulation (i.e. carbon sequestration), which estimated very low values 498 

compared to other methods. This may be related to that most observations in our dataset used a 499 

carbon price of 20 $/tC (for 1991-2000 period), which appears only to incorporate a part of the social 500 

costs – such as temperature rises, increases in precipitation levels, sea level rises and increases in the 501 

occurrence of extreme events, such as droughts and floods – that are involved in carbon. A best 502 

estimate for these social costs has been estimated at 46 $/tC for the year 2000 (with a 23-92 $/tC 503 

sensitivity range, at 2000 prices), which is assumed to increase with time (Clarkson and Deyes, 2002). 504 

The market prices used in our study may be lower than the optimal price, because the market for 505 

carbon is known to be very vulnerable to market failures, such as illustrated by the information 506 

problems and misuse of market power in the European Union emissions trading scheme (Andrew, 507 

2008).  508 
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The finding that market pricing estimated climate and biological regulation consistently lower than 509 

methods that are considered more appropriate for their valuation (i.e. production function and cost-510 

based methods; Bateman et al., 2011; Farber et al., 2006), suggests that market pricing, although 511 

proven to be a valuable tool for the valuation of provisioning services (Bateman et al., 2011), may be 512 

less adequate in capturing values of regulating services. It has been argued previously that market 513 

pricing for other than provisioning services can be easily prone to errors, as it would attempt to 514 

estimate a price for non-existent market impacts, as these services are not directly traded in markets 515 

(Daily et al., 2000). Here, we find empirical evidence to underpin these theoretical arguments, which 516 

imply that market pricing may be better avoided for the valuation of regulating services.  517 

Lastly, we also observed some method dependence for fresh water provision: market pricing, 518 

production function and benefit transfer methods estimated the value of this service substantially 519 

higher than other types of methods. Fresh water provision, which included water supply for domestic, 520 

agricultural and industrial use, is a limited resource in dry areas (Noy-Meir, 1973). Hence, methods that 521 

base their valuation on the market – which values scarce goods higher than abundant ones – may lead 522 

to high prices for water, either directly through the water price (i.e. market pricing method) or 523 

indirectly through its input in dryland agricultural production (i.e. production function method). The 524 

use of the benefit transfer method may introduce additional uncertainties due to its secondary 525 

valuation nature, which may have led to high value estimates here. As benefit transfer also estimated 526 

a high mean value for biological regulation, these high values may be either due to methodological 527 

bias of benefit transfer or be inherent to valuation of these specific dryland services with this method. 528 

Yet, we observed these impacts of benefit transfer only for two ecosystem services, suggesting that 529 

the impact of this method on value estimates was not as dramatic as could have been expected 530 

(Brouwer, 2000). 531 

In conclusion, we found that the mean value estimates for particular ecosystem services depended on 532 

the type of method, either because they appeared to have difficulty to grasp their value or to be 533 
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outside their methodological scope. Moreover, the use of a less suitable method had a considerable 534 

impact on aggregated values for dryland ecosystem services. The differential effects of methods and 535 

ecosystem service were not dominated by the variation in method and ecosystem service categories 536 

given that we found a substantial number of differential effects. These findings imply that methods 537 

need to be considered explicitly in dryland valuation studies.  538 

4.3 Implications for valuation 539 

This study provides the first quantitative evidence of differential effects, showing that the valuation of 540 

dryland ecosystem services depended on ecosystem type and valuation method. Previous literature 541 

has argued extensively that valuation methods are expected to affect valuation outcomes (Martín-542 

López et al., 2014; Spangenberg and Settele, 2010; Vatn, 2009), but this has only been sparsely 543 

substantiated with empirical evidence (Quintas-Soriano et al., 2016).  544 

The findings in this study have several implications for future research. First, the finding that some 545 

methods have a dominant impact on estimated ecosystem service values in drylands implies that when 546 

valuing ecosystem services, the suitability of a method for a valuation exercise needs to have priority 547 

over other considerations, such as the time- or cost-effectiveness of methods.  548 

Second, the findings imply that the estimated values for dryland ecosystem services cannot be simply 549 

aggregated for drylands. Such aggregation neglects the interdependencies between ecosystem 550 

services, ecosystem types and methods and obscures the underlying variation. Moreover, it may bias 551 

the result as we found that some low- or high-end estimates were dominating the overall aggregated 552 

values. In this study, we, therefore, abstained from reporting any grand, overall aggregated value for 553 

drylands, despite the increasing tendency to do so (e.g. de Groot et al., 2012; UK National Ecosystem 554 

Assessment, 2011). We advise other scholars to be careful in this respect as well. 555 

Third, our results may have implications for monetary valuation within other biomes, as the observed 556 

differential effects of methods and ecosystem types can play a role here as well. Our results indicate 557 
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that it is essential to explicitly account for the type of ecosystem and valuation method in both primary 558 

and secondary valuation studies. In primary valuation studies for instance, the explicit consideration 559 

of different (sub)ecosystem types is necessary to account for any differences among ecosystems. Such 560 

observations may also apply to other biomes.  561 

Finally, the findings of our study may also have implications for studies that aim to estimate the total 562 

economic value of specific areas based on aggregating values across ecosystem services. As we found 563 

a distinct impact of the differential effects of ecosystem types and methods on the aggregated values 564 

for dryland ecosystem services, these differential effects may also play a role when values are 565 

aggregated for other biomes or localities, such as local study areas, countries or regions. As such, these 566 

type of studies need to explicitly account for the impact of differential effects on aggregated values.  567 

5. Conclusions 568 

Our study showed that monetary value estimates for dryland ecosystem services depended strongly 569 

on the ecosystem type and method considered. The patterns and extent of the impact of these 570 

differential effects differed per ecosystem service, ecosystem type and method concerned. We show 571 

that these differential effects impact values when they are aggregated across methods and ecosystem 572 

types. As no study has yet assessed these differential effects of ecosystem types and valuation 573 

methods on ecosystem service values in a comprehensive and quantitative way, this study provides 574 

the first empirical evidence that ecosystem types and method affect monetary estimates for dryland 575 

ecosystem service values. When these factors are taken into account, the accuracy of the 576 

approximation of ecosystem service values can be substantially improved, which may in turn lead to 577 

more meaningful information to feed policy and decision making with regard to ecosystem 578 

management. 579 
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Appendix A. Supplementary data 745 

Table A.1. List of valuation studies in the dryland database comprising a total of 512 observations derived from 746 

57 valuation studies. For each study, the country of study and number of observations is specified.   747 

Reference Country of 
study 

Number of 
observations 

Acharaya, G., Barbier, E.B., 2000. Valuing groundwater recharge through agricultural 
production in the Hadejia-Nguru wetlands in northern Nigeria. J. Agric. Econ. 22, 247-259. 

Nigeria 1 

Adekola, O., Moradet, S., de Groot, R.S., Grelot, F., 2008. The economic and livelihood 
value of provisioning services of Ga-Mampa wetland, South Africa. 13th IWRA World Water 
Congress, Montpellier. 

South Africa 6 

Adger, N., Brown, K., Cervigni, R., Moran, D., 1994. Towards estimating total economic 
value of forests in Mexico. Centre for Social and Economic Research on the Global 
Environment (CSERGE), University of East Anglia and University College London, London. 

Mexico 4 

Appasamy, P.,1993. Role of non-timber forest products in a subsistence economy: The case 
of a joint forestry project in India. Econ. Bot. 47 (3), 258-267. 

India 3 

Ba, C.O., Bishop, J., Deme, M., Diadhiou, H.D., Dieng, A.B., Diop, O., Garzon, P.A., Gueye, 
B., Kebe, M., Ly, O.K., Ndiaye, V., Ndione, C.M., Sene, A., Thiam, D., Wade, I.A., 2006. The 
economic value of wild resources in Senegal: A preliminary evaluation of non-timber forest 
products, game and freshwater fisheries. IUCN, Gland and Cambridge. 

Senegal 6 

Barbier, E.B., Adams, W.M., Kimmage, K., 1991. Economic valuation of wetland benefits: 
The Hadejia-Jama floodplain, Nigeria. International Institute for Environment and 
Development and University College London, London. 

Nigeria 3 

Barnes, J.I., Schier, C., Van Rooy, G., 1999. Tourists' willingness to pay for wildlife viewing 
and wildlife conservation in Namibia. S. Afr. J. Wildl. Res. 29 (4), 101-111. 

Namibia 2 

Barrow, E., Mogaka, H., 2007. Kenya’s drylands: Wastelands or an undervalued national 
economic resource. IUCN, Nairobi. 

Kenya 7 

Bishop, J., 1995. The economics of soil degradation: An illustration of the change in 
productivity approach to valuation in Mali and Malawi. International Institute for 
Environment and Development, London. 

Malawi 7 

Brenner-Guillermo, J., 2007. Valuation of ecosystem services in the Catalan coastal zone. 
PhD thesis, Polytechnic University of Catalonia, Barcelona. 

Spain 32 

Brown, G., Henry, W., 1993. The viewing value of elephants, in: Barbier, E.B. (Ed.), 
Economics and ecology: New frontiers and sustainable development. Chapman & Hall,  
London, pp. 146-155. 

Kenya 2 

Bulte, E.H., Boone, R.B., Stringer, R., Thornton, P.K., 2006. Wildlife conservation in 
Amboseli, Kenya: Paying for nonuse values. Food and Agriculture Organisation of the 
United Nations, Rome. 

Kenya 1 

Cowling, R.M., Costanza, R., Higgins, S.I., 1997. Services supplied by South African fynbos 
ecosystems, in: Daily, G.C. (Ed.), Nature's services: Societal dependence on natural 
ecosystems. Island Press, Washington D.C., pp. 345-362. 

South Africa 1 

Croiteru, L., Merlo, M., 2005. Mediterranean forest values, in: Merlo, M., Croiteru, L. (Eds.), 
Valuing Mediterranean forests: Towards total economic value. CABI Publishing, 
Wallingford, pp. 105–122. 

Algeria  6 

 Cyprus 7 

 Egypt 3 

 France 8 

 Greece 11 
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 Israel 2 

 Lebanon 6 

 Morocco 6 

 Portugal 9 

 Spain 8 

 Syria 6 

 Tunisia 10 

 Turkey 10 

Day, B., 2002. Valuing visits to game parks in South Africa, in: Pearce, D., Pearce, C., 
Palmer., C. (Eds.), Valuing the environment in developing countries: Case studies. Edward 
Elgar Publishing, Cheltenham, pp. 236-273. 

South Africa 2 

de Wit, M.P., 1996. The value of biodiversity to the South African economy: A preliminary 
study. South African National Biodiversity Institute, Pretoria. 

South Africa 1 

Donaghy, P., Chambers, S., Layden, I., 2007. Estimating the economic consequences of 
incorporating BMP and EMS in the development of an intensive irrigation property in 
central Queensland. 

Australia 1 

Eaton, D., Sarch, M., 1997. The economic importance of wild resources in the Hadejia-
Nguru wetlands, Nigeria. International Institute for Environment and Development, 
London. 

Nigeria 2 

Emerton, L., 1998. Djibouti biodiversity: Economic assessment. IUCN Eastern Africa 
Regional Office, Nairobi. 

Djibouti 7 

Emerton, L., 1996. Valuing the environment: Case studies from Kenya. African Wildlife 
Foundation, Nairobi. 

Kenya 8 

Emerton, L., Asrat, A., 1998. Eritrea biodiversity: Economic assessment. IUCN Eastern 
Africa Regional Office, Nairobi. 

Eritrea 17 

Emerton, L., Erdenesaikhan, N., De Veen, B., Tsogoo, D., Janchivdori, L.,  Suvd, P.,  
Enkhtsetseg, B.,  Gandolgor, G.,  Dorisuren, Ch.,  Sainbayar, D., Enkhbaatar, A., 2009. The 
economic value of the Upper Tuul ecosystem. The World Bank, Washington D.C. 

Mongolia 10 

Fleischer, A., Sternberg, M., 2006. The economic impact of climate change on 
Mediterranean rangeland ecosystems: A space-for-time approach. Ecol. Econ. 59, 287-295. 

Israel 1 

Fleischer, A., Tsur, Y., 2009. The amenity value of agricultural landscape and rural–urban 
land allocation. J. Agr. Econ. 60 (1), 132-153. 

Israel 3 

Gren, I-M., Groth, K-H., Sylve, M., 1995. Economic values of Danube floodplains. J. Environ. 
Manage. 45, 333-345. 

Hungary 3 

 Romania 3 

 Ukraine 3 

Gundimeda, H., Sanyal, S., Sinha, R., Sukhdev, P., 2006. The value of biodiversity in India's 
forests. Green Indian States Trust, Chennai. 

India 25 

Hassan, R.M., 2003. Measuring asset values and flow benefits of non-traded products and 
ecosystem services of forest and woodland resources in South Africa. Environ. Dev. 
Sustain. 5, 403-418. 

South Africa 5 

Hein, L., 2007. Assessing the costs of land degradation: A case study for the Puentes 
catchment, southeast Spain. Land Degrad. Dev. 18, 631-642. 

Spain 4 

High, C., Shackleton, C.M., 2000. The comparative value of wild and domestic plants in 
home gardens of a South African rural village. Agrofor. Syst. 48, 141-156. 

South Africa 1 

Holland, J.D., 1993. A determination and analysis of preservation values for protected 
areas. PhD thesis, University of Natal, Pietermaritzburg. 

South Africa 1 

Johnson, J.W., Linder, R.L., 1986. An economic valuation of South Dakota wetlands as a USA 1 
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recreation resource for resident hunters. Landsc. J. 5 (1), 33-38. 

Leader-Williams, N., 1993. The cost of conserving elephants. Pachyderm 18, 30-34. Zambia 1 

Loth, P., Acreman, M., Ali, M., Bauer, H., Braund, R., Evans, S.Y., Emerton, L., de Iongh, H., 
Kari, S., Kouokam, R., Loth, P., Moritz, M., Ngantou, D., Njomaha, C., Oyo, P., Pirot J-Y., 
Scholte, P., 2004. The return of the water: Restoring the Waza Logone floodplain in 
Cameroon. IUCN, Gland and Cambridge. 

Cameroon 5 

Mmopelwa, G., Blignaut, J.N., Hassan, R., 2009. Direct use values of selected vegetation 
resources in the Okavango delta wetland. S. Afr. J. Econ. Manag. Sci. 12 (2), 242-255. 

Botswana 3 

Mogaka, H., 2001. Valuation of local forest conservation costs and benefits: The case of 
Tharaka, Kenya. Innovation - Special Issue on Valuation of forest resources in East Africa, 
African Centre for Technology Studies, Nairobi. 

Kenya 8 

Mogaka, H., Simons, G., Turpie, J., Emerton, L., Karanja, F., 2001. Economic aspects of 
community involvement in sustainable forest management in eastern and southern Africa. 
IUCN Eastern Africa Regional Office, Nairobi. 

Namibia 10 

Monela, G.C., Chamshama, S.A.O., Mwaipopo, R., Gamassa, D.M., 2005. A study on the 
social, economic and environmental impacts of forest landscape restoration in Shinyanga 
region, Tanzania. Ministry of Natural Resources and Tourism and IUCN Eastern Africa 
Regional Office, Nairobi. 

Tanzania 71 

Moran, D., 1994. Contingent valuation and biodiversity: Measuring the user surplus of 
Kenyan protected areas. Biodivers. Conser. 3, 663-684. 

Kenya 1 

Norton-Griffiths, M., Southey, C., 1995. The opportunity costs of biodiversity conservation 
in Kenya. Ecol. Econ. 12, 125-139. 

Kenya 7 

O'Farrell, P.J., De Lange, W.J., Le Maitre, D.C., Reyers, B., Blignaut, J.N., Milton, S.J., 
Atkinson, D., Egoh, B., Maherry, A., Colvin, C., Cowling, R.M., 2011. The possibilities and 
pitfalls presented by a pragmatic approach to ecosystem service valuation in an arid 
biodiversity hotspot. J. Arid Environ. 75, 612-623. 

South Africa 38 

Pearce, D., Moran, D., 1994. The economic value of biodiversity, first ed., Earthscan, 
London. 

Zimbabwe 1 

Pimentel, D., Harvey, C., Resosudarmo, P., Sinclair, K., Kurz, D., McNair, M., Crist, S., Shpritz, 
L., Fitton, L., Saffouri, R., Blair, R., 1995. Environmental and economic costs of soil erosion 
and conservation benefits. Science 267 (5201), 1117-1123. 

USA 1 

Pope III, C.A., Jones, J.W., 1990. Value of wilderness designation in Utah. J. Environ. 
Manage. 30, 157-174. 

USA 1 

Rodrıguez, L.C., Pascual, U., Niemeyer, H.M., 2006. Local identification and valuation of 
ecosystem goods and services from Opuntia scrublands of Ayacucho, Peru. Ecol. Econ. 57, 
30-44. 

Peru 7 

Sala, O.E., Paruelo, J.M., 1997. Ecosystem services in grasslands, in: Daily, G.C. (Ed.), 
Nature's services: Societal dependence on natural ecosystems. Island Press, Washington 
D.C. and Covelo, pp. 237-252. 

USA 1 

Seyam, I.M., Hoekstra, A.Y., Ngabirano, G.S., Savenije, H.H.G., 2001. The value of 
freshwater wetlands in the Zambezi basin. UNESCO-IHE, Delft. 

Zambia 6 

Somda, J., Zonon, A., Ouadba, J.M., Huberman, D., 2010. Valeur économique de la vallée 
du Sourou: Evaluation préliminaire. IUCN Bureau Régional, Ouagadougou. 

Burkina Faso 8 

Turpie, J.K., 2000. The use and value of natural resources of the Rufiji floodplain and delta, 
Tanzania. Rufiji Environment Management Project, Dar es Salaam. 

Tanzania 31 

Turpie, J.K., 2003. The existence value of biodiversity in South Africa: How interest, 
experience, knowledge, income and perceived level of threat influence willingness to pay. 
Ecol. Econ. 46, 199-216. 

South Africa  5 

Turpie, J.K., Smith, B., Emerton, L., Barnes, J., 1999. Economic value of the Zambezi basin 
wetlands. IUCN Regional Office Southern Africa, Cape Town. 

Malawi 7 

 Mozambique 6 
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 Namibia 7 

 Zambia 7 

Turpie, J.K., Heydenrych, B.J., Lamberth, S.J., 2003. Economic value of terrestrial and 
marine biodiversity in the Cape Floristic Region: Implications for defining effective and 
socially optimal conservation strategies. Ecol. Econ. 112, 233-251. 

South Africa 7 

Turpie, J.K., Ngaga, Y.M., Karanja, F.K., 2005. Catchment ecosystems and downstream 
water: The value of water resources in the Pangani basin, Tanzania. IUCN Ecosystems and 
Livelihoods Group Asia, Colombo. 

Tanzania 3 

van Wilgen, B.W., Cowling, R.M.,  Burgers, C.J., 1996. Valuation of ecosystem services: A 
case study from South African fynbos ecosystems. BioScience 46 (3), 184-189. 

South Africa 1 

Verma, M., Bakshi, N., Nair, R.P.K., 2001. Economic valuation of Bhoj wetlands for 
sustainable use. Indian Institute of Forest Management, Bhopal. 

India 8 

Walsh, R.G., Greenley, D.A., Young, R.A., McKean, J.R., Prato, A.A., 1978. Option values, 
preservation values and recreational benefits of improved water quality: A case study of 
the South Platte river basin, Colorado. EPA-600/5-78-001, U.S. Environmental Protection 
Agency, North Carolina. 

USA 2 

Walsh, R.G., Loomis, J.B., Gillman, R.A., 1984. Valuing option, existence, and bequest 
demands for wilderness. Land Econ. 60 (1), 14-29. 

USA 2 

Walsh, R.G., Bjonback, R.D., Aiken, R.A., Rosenthal, D.H., 1990. Estimating the public 
benefits of protecting forest quality. J. Environ. Manage. 30, 175-189. 

USA 2 

  748 



41 
 

Table A.2. Summary table of the subservices lumped into ecosystem service groups within the database (N=512), 749 

indicating their number of observations (N), mean value, standard deviation (S.D.) and methods used for 750 

valuation. 751 

Ecosystem service group Subservice Na Meana S.D.a Valuation methodb 

Food provision Vegetables  28 47.79 15.80 MP (26), PB (2) 
 

Meat  20 2.67 10.11 MP (20) 
 

Fish 15 54.10 9.29 MP (13), PB (2) 
 

Forest products 31 9.47 9.89 MP (29), PB (1), CB (1) 
 

Other food products 3 8.10 17.45 MP (2), OM (1) 

Fresh water provision Drinking water 10 83.18 8.77 MP (1), CB (7), CV (2) 
 

Agricultural and industrial water 6 218.60 14.69 MP (1), PB (2), CV (3) 
 

Mixed water use (domestic, agricultural, 
industrial and ecological) 

5 341.22 47.07 PB (1), CB (1), BT (3) 

Raw materials provision Fuelwood and charcoal 35 23.44 12.02 MP (34), PB (1) 
 

Timber 27 11.35 11.04 MP (26), PB (1) 
 

Fodder 52 27.68 5.59 MP (43), PB (7), CB (2) 
 

Fiber 22 12.29 6.12 MP (20), PB (2) 
 

Other bulk resources (clay, biofuel, 
vegetation) 

6 48.50 21.53 MP (6) 

Biochemicals provision Genetic and medicinal resources 21 113.33 34.29 MP (10), PB (10), BT (1) 
 

Decorations and handicrafts 20 32.20 50.93 MP (20) 
 

Other resources (cork, gum, natural salts, 
oils and dyes) 

19 11.10 9.27 MP (17), PB (2) 

Climate regulation Carbon sequestration 21 24.85 11.05 MP (12), CB (6), BT (3) 

Water regulation Water flow regulation 30 132.61 5.61 MP (1), PB (1), CB (8), BT (2), 
OM (18)  

Water purification 7 551.96 3.30 CB (5), BT (2) 
 

Flood attenuation 1 251.48 
 

BT (1) 

Soil regulation Erosion prevention 18 16.56 7.46 PB (9), CB (6), CV (1), BT (2) 
 

Soil fertility 4 38.10 4.66 PB (2), BT (2) 

Biological regulation Genetic and biological diversity 
maintenance 

37 41.09 31.79 MP (7), CB (4), CV (13), BT 
(13), OM (3)  

Pollination 5 55.09 3.73 PF (2), BT (3) 
 

Biological control 3 19.13 2.81 BT (3) 

Cultural services Aesthetic and spiritual 5 19.38 8.21 CV (3), BT (2) 
 

Recreation 35 46.86 10.40 MP (3), PB (1), TC (11), CV 
(7), BT (6), OM (7)  

Tourism 24 27.43 6.42 MP (4), TC (4), CV (4), BT (9), 
OM (3) 

a N = number of observations, mean = back-transformed value from 10log mean value and S.D. = standard deviation. 752 

b MP = Market Pricing, PF = Production Function, CB = Cost-Based, TC = Travel Cost, CV = Contingent Valuation, BT = Benefit 753 

Transfer and OM = Other Methods.  754 
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Table A.3. Cross table with the mean values (in Int$/ha/yr), standard deviations and number of observations of 755 

the combinations between dryland ecosystem services and dryland ecosystem types in the dryland database 756 

(N=512). 757 

Dryland ecosystem service 

Dryland ecosystem type 

Semi-desert Grassland Woodland Dry forest Arid wetland Cultivated land 

Food provision 6.9 ± 4.0 (7) 9.5 ± 12.0 (43) 8.6 ± 1.6 (6) 14.3 ± 15.0 (34) 1,247.5 ± 4.6 (7) 

Fresh water provision 33.1 ± 2.8 (4) 53.5 ± 8.3 (8) 467.0 (1) 511.1 ± 34.0 (6) 3,454.1 ± 2.8 (2) 

Raw materials provision 14.8 ± 4.7 (21) 8.8 ± 4.0 (4) 24.5 ± 10.7 (71) 17.1 ± 5.4 (17) 18.7 ± 10.4 (28) 115.1 (1) 

Biochemicals provision 1.3 ± 2.4 (2) 50.0 ± 15.3 (33) 146.8 ± 45.8 (14) 1.0 ± 10.7 (9) 1,838.6 ± 35.9 (2) 

Climate regulation 8.5 ± 5.8 (3) 8.9 ± 7.5 (12) 155.5 ± 2.0 (4) 2,200.6 (1) 961.9 (1) 

Water regulation 232.1 ± 4.3 (18) 40.9 ± 12.1 (4) 64.9 ± 3.1 (7) 126.3 (1) 772.5 ± 2.8 (7) 17.4 (1) 

Soil regulation 2.5 ± 10.4 (5) 3.9 (1) 44.3 ± 5.2 (2) 136.6 ± 1.9 (2) 32.3 ± 3.5 (12) 

Biological regulation 0.9 ± 9.6 (5) 4.3 ± 40.0 (3) 25.5 ± 17.1 (15) 446.3 ± 10.2 (14) 16.0 ± 9.7 (5) 124.2 ± 13.0 (3) 

Cultural services 24.2 ± 7.2 (3) 19.0 ± 7.4 (3) 21.8 ± 6.6 (28) 27.5 ± 5.0 (15) 87.5 ± 13.3 (14) 522.6 ± 11.9 (3) 
a Mean values were back-transformed from 10log values, followed by their ± standard deviation and number of observations 758 

between brackets. 759 

Table A.4. Cross table with the mean values (in Int$/ha/yr), standard deviations and number of observations of 760 

the combinations between dryland ecosystem services and valuation methods in the dryland database (N=512). 761 

Dryland 
ecosystem 
service 

Valuation method 

Market pricing Production 
function 

Cost-based Travel 
cost 

Contingent 
valuation 

Benefit 
transfer 

Other 
methods 

Food 
provision 

13.1 ± 13.0 (90) 330.7 ± 15.8 (5) 73.5 (1) 
   

0.5 (1) 

Fresh water 
provision 

1,341.3 ± 1.4 (2) 3,487.2 ± 2.1 
(3) 

31.1 ± 15.3 (8) 
 

33.1 ± 2.5 
(5) 

1,443.9 ± 3.5 
(3) 

 

Raw 
materials 
provision 

19.6 ± 8.7 (129) 20.8 ± 4.9 (11) 129.8 ± 125.1 
(2) 

    

Biochemicals 
provision 

17.6 ± 29.5 (47) 596.6 ± 6.9 (12) 
   

23.2 (1) 
 

Climate 
regulation 

5.2 ± 3.4 (12) 
 

273.4 ± 6.3 (6) 
  

106.3 ± 11.1 
(3) 

 

Water 
regulation 

263.7 (1) 2,051.8 (1) 151.6 ± 6.9 
(13) 

  
52.6 ± 4.9 (5) 232.1 ± 4.3 

(18) 
Soil 
regulation 

 21.4 ± 8.9 (11) 15.9 ± 8.2 (6)  3.9 (1) 28.8 ± 3.6 (4)  

Biological 
regulation 

89.1 ± 7.1 (7) 35.7 ± 2.9 (2) 57.3 ± 14.5 (4)  2.5 ± 18.6 
(13) 

353.0 ± 11.8 
(16) 

6.9 ± 12.1 
(3) 

Cultural 
services 

9.7 ± 4.9 (7) 117.3 (1)  46.4 ± 8.4 
(15) 

34.7 ± 7.1 
(16) 

63.1 ± 10.1 
(17) 

20.7 ± 9.6  
(10) 

a Mean values were back-transformed from 10log values, followed by their ± standard deviation and number of observations 762 

between brackets.  763 
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Table A.5. Cross table for combinations of dryland ecosystem services with valuation methods based on the 764 

dryland database (N=512), indicating the combinations of the valuation methods that were used for valuation of 765 

specific ecosystem services that were within their original methodological scope (with o) and the methods that 766 

were applied more widely in the current dataset (with x), based on Bateman et al. (2011), Farber et al. (2006) 767 

and Freeman III (2003). 768 

 Valuation method 

Dryland ecosystem 
service 

Market 
pricing 

Production 
function 

Cost-
based 

Travel 
cost 

Contingent 
valuation 

Benefit 
transfer 

Other 
methods 

Food provision o o x    x 

Fresh water provision o o o  o x  

Raw materials provision o o x     

Biochemicals provision o o    x  

Climate regulation x  o   x  

Water regulation x o o   x x 

Soil regulation  o o  o x  

Biological regulation x o o  o x x 

Cultural services x x  o o x x 

  769 
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 770 

Figure A.1. Groups identified in the multiple comparison analysis of the interaction between ecosystem services 771 

and ecosystem types. Groups, as indicated with roman letters in the left column, are consisting of interaction 772 

combinations that showed the same behavior in the Tukey post-hoc test, as indicated by the letter codes in the 773 

light grey boxes in the diagram. Combinations in group I (having lowest mean monetary values) differed 774 

significantly from those in group IX (having highest values). The intermediate groups II - VIII overlap in varying 775 

degrees with each other as depicted. 776 

 777 

Figure A.2. Groups identified in the multiple comparison analysis of the interaction between ecosystem services 778 

and ecosystem types. Groups, as indicated with roman letters in the left column, are consisting of interaction 779 

combinations that showed the same behavior in the Tukey post-hoc test, as indicated by the letter codes in the 780 

light grey boxes in the diagram. Combinations in group I (having lowest mean monetary values) differed 781 

significantly from those in group IV (having highest values). The intermediate groups II and III overlap in varying 782 

degrees with each other as depicted. 783 


