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Appendix A 

Table A1.  Previous econometric studies on the value of forests’ water purification services  

Reference Study area Full sample size 
Panel 

data 

Catchment  

delineation 
Estimation method Main results 

Abildtrup et al. (2013) Vosges, 

France 

232 water supply 

services  

No No Water prices regressed 

against forestland; 

spatial econometric 

model 

One point increase in the proportion of 

forestland (agricultural land decreased 

by the same extent) leads to a €0.015/m3 

decrease in the price of drinking water.  

Abildtrup et al. (2015) Vosges, 

France 

232 water supply 

services  

No No Spatial switching 

regression model 

Spatially lagged forest cover 

significantly reduces the price of 

drinking water.  

Fiquepron et al. (2013) France 93 administrative 

departments 

No No Simultaneous equations 

model 

One point increase in the proportion of 

forests would imply a €0.0034/m3 

decrease in the price of drinking water. 

Lopes et al. (2019) Portugal 235 water treatment 

firms 

No No Water treatment costs 

regressed against forests; 

2SLS model where the 

volume of treated water 

was instrumented 

Elasticity of treatment costs w.r.t. forest 

cover is –0.0564% for ground water 

firms and 0.0217% (statistically 

insignificant) for surface water firms.  

Piaggio and Siikamäki 

(2021) 

Costa Rica 20 water treatment 

plants, monthly data, 

1,315 obs. for turbidity, 

1,156 obs. for 

aluminium sulphate 

Yes Yes Two step approach 

(turbidity regressed 

against forests, usage of 

aluminium sulphate 

regressed against 

turbidity); fixed effects 

panel data model 

Elasticity of the usage of aluminium 

sulphate w.r.t. avoided conversion of 

forests: –0.026%.  

Singh and Mishra (2014) Greater 

Mumbai, India 

Water quality: 6 sites, 

monthly data, Jan. 

1998–Dec. 2010; 

treatment costs: 1 water 

treatment plant, 

Partly Yes Two step approach 

(turbidity regressed 

against forests, treatment 

costs regressed against 

turbidity); mixed effects 

1% decrease in forest cover will increase 

treatment costs by 1.58%. 
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monthly data, Apr. 

1995 – Mar. 2011 

panel data model; time 

series model 

Vincent et al. (2016) Perak, 

Malaysia 

41 water treatment 

plants, monthly data, 

3,894 obs.  

Yes Yes Water treatment costs 

regressed against forests; 

fixed effects panel data 

model 

Elasticities of treatment costs w.r.t. 

virgin and logged forests are –0.47% and 

–0.31%, respectively.  

Vincent et al. (2020) Thailand 162 Provincial 

Waterworks Authority 

branches, quarterly 

data, 5,843 obs.  

Yes Yes Material costs regressed 

against land uses (forests 

excluded as the reference 

land use); fixed effects 

panel data model 

Elasticity of material costs w.r.t. 

deforestation ranges from 0.25 to 0.57 

(depending on whether forests are 

converted to agriculture, urban, or 

miscellaneous land use).  

Westling et al. (2020) Sweden Water quality: 76 water 

treatment plants (WTP), 

monthly data, 7,981 

obs. for E.coli, 4,076 

obs. for turbidity; 

chemical costs: 20 

WTPs, annual data, 248 

obs.   

Yes Yes Two step approach 

(water quality regressed 

against forests, chemical 

costs regressed against 

water quality); dynamic 

panel data model 

1% decrease in forest cover would give a 

0.228% increase in chemical costs. 

Notes: The studies by Ernst (2004), Freeman et al. (2008), Cunha et al. (2016) and Warziniack et al. (2017) analysed small datasets and/or did not control for 

variables other than land use, and are therefore less comparable with the more formal econometric studies mentioned above. Knowler et al. (2017) quantitatively 

simulated how water treatment costs are affected by the presence of timber harvesting and the usage of forest roads, but did not provide a direct valuation of 

the water purification services of forests. Some other studies have looked at how water treatment costs are affected by land use types other than forests (such as 

cropland and ranchland, as in McDonald et al. (2016), and agricultural versus non-agricultural land, as in Forster and Murray (2007)), or the impact of forest 

cover on water quality rather than on water treatment costs (such as O’Donoghue et al. (2021) and Segurado et al. (2018)). These studies notably differ from 

the formal econometric studies that we build upon.  
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Table A2.  Definition and description of variables 

 Mean SD 5% quantile 95% quantile 

Panel 1: Variables in the water treatment cost function (county level, obs. = 1,618) 

Unit water treatment cost (CNY/m3) 1.07 0.65 0.25 2.34 

Forestland (%), inside catchment, 0–3 km 18.82 25.04 0 77.31 

Forestland (%), outside catchment, 0–3 km 14.71 19.50 0 58.44 

Cropland (%), inside catchment, 0–3 km 43.69 29.91 0.55 91.24 

Urban areas (%), inside catchment, 0–3 km 5.49 11.44 0 26.11 

Water supply (1 mn m3/yr.) 15.83 50.55 0.84 41.93 

Wage rate (CNY 1k/yr.) 23.79 19.51 3.11 61.71 

Pct. of private water supply firms 27.88 28.80 0.00 80.00 

Rainfall 0–3 km (mm/yr.) 984.46 148.80 720.64 1214.00 

Panel 2: Variables in the Heckman correction (obs. = 4,080) 

Ethnic minority autonomous county  

     (binary: 0 = no; 1 = yes) 

0.30 0.46 0 1 

Distance to Chengdu (km) 223.86 126.00 57.78 474.82 

Urban population (1k people) 87.09 84.30 5.30 242.00 

Number of phones per capita 0.31 0.38 4.29×10-3 1.03 

Road density (km/km2) 0.65 0.70 0.06 1.85 

Percentage of private water works 23.07 29.16 0.00 80.00 

Note: CNY6.62 = USD1 in 2018 prices.  
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Table A3.  Estimated probit sample selection equation 

Dependent variable: Water treatment data observed  Model A1 

Explanatory variables:  

Ethnic minority autonomous county –0.51*** 

 (0.06) 

Distance to Chengdu –5.89×10–4*** 

 (2.06×10–4) 

Urban population  1.65×10–3*** 

 (3.42×10–4) 

Number of phones per capita –0.13* 

 (0.07) 

Road density  0.06* 

 (0.04) 

Percentage of private water works 1.32×10–3* 

 (7.55×10–4) 

Number of observations 4,080 

Model significance (p-value) 0.00 

McFadden’s R2 0.07 

Notes: Estimates that are statistically significant in both models are 

highlighted in bold italics (up to the 10% significance level). Asterisks 

indicate statistical significance: *p-value < 0.10, ***p-value < 0.01. 

Standard errors are in parentheses. 
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Table A4.  Estimated water treatment cost function controlling for 

forest cover at farther distances 

Dependent variable: IHS of unit cost Model A2 

Explanatory variables:  

IHS of pct. of forestland 0–3 km (inside catchment) –2.91×10–2** 

      (1.12×10–2) 

IHS of pct. of forestland 3–6 km (inside catchment) 3.65×10–2 

 (3.62×10–2) 

IHS of pct. of forestland 6–10 km (inside catchment) –1.86×10–2 

 (3.08×10–2) 

IHS of pct. of cropland 0–3 km (inside catchment) 2.16×10–2 

 (2.31×10–2) 

IHS of pct. of urban area 0–3 km (inside catchment) 1.62×10–2 

 (1.28×10–2) 

IHS of rainfall 0–3 km 5.32 

 (8.13) 

Squared IHS of rainfall 0–3 km  –0.22 

 (0.33) 

IHS of water supply –0.21*** 

 (0.04) 

IHS of wage rate 1.11×10–2 

 (0.08) 

IHS of pct. of state owned water works 5.27 ×10–3 

 (5.81×10–3) 

Inverse Mills Ratio  –0.79*** 

 (0.29) 

County fixed effects Yes 

Year fixed effects Yes 

Clustered standard errors (at the county level) Yes 

Number of observations 1,618 

Model significance (p-value) 0.00 

R2 (within) 0.75 

Notes: Estimates that are statistically significant in both models are 

highlighted in bold italics (up to the 10% significance level). Asterisks 

indicate statistical significance: **p-value < 0.05, ***p-value < 0.01. 

Standard errors are in parentheses. 
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Figure A1.  Location of Sichuan province on a watershed map of China. 

Source of the watershed map: The Chinese Academy of Sciences.  
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Figure A2.  Sample mean percentages (panel a) and area (panel b) of different land use types. 
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Figure A3.  Spatial and temporal patterns of drinking water treatment cost and forest cover. 

Notes: Panel a shows spatial distribution of the unit water treatment cost (CNY/m3, CNY6.62 = USD1 in 

2018 prices); Panel b shows spatial distribution of the percentage of forestland 0–3 km upstream; Panel c 

shows time trends in the unit water treatment cost (inflation-adjusted) and forest cover. Cut-off values in 

panels a and b roughly represent quantiles. 
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Figure A4.  Spatial distribution of forest cover (3 km radius) inside and outside the catchment area. 

Notes: Panel a shows percentage of forestland (3 km radius) inside the catchment; Panel b shows percentage of 

forestland (3 km radius) outside the catchment.  
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Figure A5.  Elasticity estimates with respect to forestland area within different radiuses. 
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Figure A6.  Elasticity estimates with respect to forestland percentages within different 

radiuses, logarithmically transformed variables. 
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Appendix B 

We repeated the analysis using an alternative form of the production function which accounts 

for both the quantity and quality of output, following Grieco and McDevitt (2017): 

𝑧𝑞𝜎 = 𝒙𝟏
𝜶𝒙𝟐

𝜷
𝒆𝜸, (A1) 

which basically assumes that producing the same amount of output z with higher quality q 

requires a higher level of aggregate production input.1 It is assumed that the production process 

can be divided into separable and independent steps, where producers first decide the quantity 

and quality of output, and then in the next step decide the levels of production inputs. In that 

case, the cost function can be derived in the same manner as in section 2, through solving a 

cost minimisation problem with predetermined levels of z and q:  

𝑐̅ =
𝑐

𝑧
=

𝒘𝟏𝒙𝟏
∗+𝒘𝟐𝒙𝟐

∗

𝑧
= 𝛺𝒘

𝟏

𝜶

𝜶+𝜷𝒘
𝟐

𝜷

𝜶+𝜷�̃�
−

𝜸

𝜶+𝜷�̃�
(

1

𝜶+𝜷
−1)

�̃�
𝜎

𝜶+𝜷, (A2) 

which can be rewritten as the log linear form: 

𝑙𝑛𝑐̅ = 𝑙𝑛𝛺 +
𝜶

𝜶+𝜷
𝑙𝑛𝒘𝟏 +

𝜷

𝜶+𝜷
𝑙𝑛𝒘𝟐 −

𝜸

𝜶+𝜷
𝑙𝑛�̃� + (

1

𝜶+𝜷
− 1) 𝑙𝑛�̃� +

𝜎

𝜶+𝜷
𝑙𝑛�̃�. (A3) 

The empirical implication is that this production function allows the quality of treated water to 

be explicitly controlled for in the regression models as an explanatory variable. We next re-

estimated all regression models controlling for the quality of treated water, and the results are 

almost identical to those presented in the main text, as can be seen in figure A7.  

  

 
1  Grieco and McDevitt (2017) described the production function in the log linear form: 𝑙𝑛𝑧 = 𝜇(𝜶𝑙𝑛𝒙𝟏 +

𝜷𝑙𝑛𝒙𝟐 + 𝜸𝑙𝑛𝒆), and 𝑙𝑛𝑞 =
1−𝜇

𝜎
(𝜶𝑙𝑛𝒙𝟏 + 𝜷𝑙𝑛𝒙𝟐 + 𝜸𝑙𝑛𝒆), where the parameter 𝜇 distinguishes the proportions 

of aggregate input used to produce the quantity and quality of output. It can be seen that the production function 

described in equation (A1), after taking the logarithm of both sides, would be equivalent to the model proposed 

by Grieco and McDevitt (2017). We expressed the production function in the original Cobb-Douglas functional 

form (instead of the log linear form) to facilitate the derivation of the cost function.  
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Table A5.  Estimated water treatment cost function controlling for the quality of 

treated water 

Dependent variable: IHS of unit cost Model B1 

Explanatory variables:  

IHS of pct. of forestland 0–3 km  (inside catchment) –1.67×10–2* 

 (1.00×10–2) 

IHS of pct. of cropland 0–3 km (inside catchment) 1.85×10–2 

 (2.37×10–2) 

IHS of pct. of urban area 0–3 km (inside catchment) 1.66×10–2 

 (1.22×10–2) 

IHS of rainfall 0–3 km 5.43 

 (8.12) 

Squared IHS of rainfall 0–3 km  –0.23 

 (0.33) 

IHS of water supply –0.21*** 

 (0.04) 

IHS of wage rate –6.23×10–3 

 (0.08) 

IHS of pct. of state owned water works 5.40×10–3 

 (5.83×10–3) 

IHS of quality 0.07 

 (1.28) 

Inverse Mills Ratio  –0.78*** 

 (0.29) 

County fixed effects Yes 

Year fixed effects Yes 

Clustered standard errors (at the county level) Yes 

Number of observations 1,618 

Model significance (p-value) 0.00 

R2 (within) 0.75 

Notes: Estimates that are statistically significant in both models are highlighted in bold 

italics (up to the 10% significance level). Asterisks indicate statistical significance: *p-

value < 0.10, ***p-value < 0.01. Standard errors are in parentheses. 
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Figure A7.  Elasticity estimates with respect to forestland percentages within different radiuses controlling 

for the quality of treated water. 

 



16 

 

Appendix C 

Lastly, we explored the dependency of forests’ water purification effects on rainfall. On the 

one hand, higher rainfall levels may increase sediment loads in surface water by washing away 

eroded soil and other debris into surface water (Vincent et al., 2016). In that case, forest cover 

may deliver a higher level of water purification services by intercepting rainfall, regulating 

streamflow and hence reducing soil erosion and sediment loads, which suggests a positive 

relationship between rainfall levels and forests’ water purification effects. On the other hand, 

forest cover may have limited ability to intercept rainfall and regulate streamflow in case of 

prolonged periods of very high levels of rainfall (Calder et al., 2007), which implies that forests’ 

water purification effects may negatively depend on rainfall levels. Both cases imply that the 

future scale of this ecosystem service may be affected by climate change. Figure A8 shows an 

increasing trend in annual rainfall in Sichuan province during the study period. If rainfall 

indeed affects forests’ water purification services, we would be able to predict the future 

trajectory of the level of this ecosystem service as a function of predicted rainfall in the context 

of climate change. This would provide useful insights as to the benefits and costs of climate 

change mitigation. 

We estimated Models C1 and C2 (table A6) to explore the nexus between rainfall and 

the implications of forest cover for drinking water treatment costs. The two models are identical 

to Models 1 and 2 (table 1 in the main text), except that the two new models include an 

interaction term between forest cover and rainfall, ‘IHS. pct. forestland 0–3 km (inside 

catchment) × IHS. rainfall 0–3 km’, which captures whether rainfall influences the effect of 

forest cover on drinking water treatment costs. The forest and rainfall variables were centred 

before they were added to the models and the interaction term, so that the coefficients on the 

two variables can still be independently interpreted as the main effects at the mean values of 

other regressors. In both Models C1 and C2, it can be seen that the estimate on this interaction 
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term is small in size (about 10 per cent of the main effect of forest cover) and statistically 

indistinguishable from zero (p-value > 0.85 in both models). Therefore, the jury is out on the 

hypothesised relation between rainfall and forests’ water purification service. However, this is 

likely associated with the nature of our annual-level dataset, which has precluded us from 

making full use of the variation of the two variables at a higher temporal resolution. Further 

research is warranted in light of the importance of this research question. 
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Table A6.  Dependency of forests’ water purification services on rainfall 

Dependent variable: IHS of unit cost Model C1 Model C2 

Explanatory variables:   

IHS of pct. of forestland 0–3 km  –1.83×10–2* –1.67×10–2* 

     (inside catchment) (9.53×10–3) (1.01×10–2) 

IHS of pct. of cropland 0–3 km 1.53×10–2 1.85×10–2 

     (inside catchment) (2.29×10–2) (2.37×10–2) 

IHS of pct. of urban area 0–3 km 1.72×10–2 1.66×10–2 

     (inside catchment) (1.22×10–2) (1.22×10–2) 

IHS of rainfall 0–3 km –2.00×10–2 –7.17×10–2 

 (0.10) (0.10) 

Squared IHS of rainfall 0–3 km  –0.23 –0.23 

 (0.33) (0.33) 

IHS. pct. forestland 0–3 km (inside catchment) × –2.49×10–3 –1.21×10–3 

     IHS. rainfall 0–3 km (1.69×10–2) (1.68×10–2) 

IHS of water supply –0.20*** –0.21*** 

 (0.04) (0.04) 

IHS of wage rate 2.45×10–3 –6.55×10–3 

 (0.08) (0.08) 

IHS of pct. of state owned water works 6.75×10–3 5.40×10–3 

 (5.89×10–3) (5.81×10–3) 

Inverse Mills Ratio   –0.78*** 

  (0.29) 

County fixed effects Yes Yes 

Year fixed effects Yes Yes 

Clustered standard errors (at the county level) Yes Yes 

Number of observations 1,618 1,618 

Model significance (p-value) 0.00 0.00 

R2 (within) 0.75 0.75 

Notes: Estimates that are statistically significant in both models are highlighted 

in bold italics (up to the 10% significance level). Asterisks indicate statistical 

significance: *p-value < 0.10, ***p-value < 0.01. Standard errors are in 

parentheses.  
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Figure A8.  Time trends in forest cover and rainfall. 
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