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What Is Ecosystem Service?

Ecosystem services are the conditions and 
processes through which natural ecosystems, 
and the species that make them up, sustain 
and fulfill human life (Gretchen Daily).

Humans always depend on nature for a wide range 
of environmental assets like clean water, nutrient 
cycling and soil formation. 

演示者
演示文稿备注
The balance of  human and nature are important for continuous delivery of ecosystem services. this balance can help to mitigate the conflicts between environmental protection and economic development, which is important for the sustainable development at different scales. To improve the biophysical supply of ecosystem services, efforts should be paid to protect and restore our environments. 



Ecological Protection Practices
 Guangxi has invested large amounts of 

manpower, material and financial resources to 
protect and restore the ecological environment.

Grain to Green Project Pollution control for livestock breeding Rock desertification control

Towards harmony human-nature coexistence

 Resulting in huge opportunity costs for 
social and economic development.

演示者
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To protect the downstream benefits especially water quality and quantity, 
These practices were made in order to form a harmony coexistence between human and nature. However, 



Ecological Compensation Policies
Guangxi has carried out ecological compensation 
practices in many fields, including ecological 
compensation for:
 ecological benefits of forests; 
 control of soil erosion and rocky desertification; 
 protection and restoration of water environment;
 establishment of ecological function conservation areas.

The Department of Finance of Guangxi 
Zhuang Autonomous Region issued the 
“Measures for the Collection and Use of 
the compensation for water and soil 
conservation facilities and for the 
control of soil erosion”.

2007

Guangxi increased the ecological 
compensation for the state- and collective-
owned public welfare forests by 0.36 billion. 

2013

The autonomous region added 6 counties to 
the list of key ecological function 
conservation areas with transfer payments. 

2014

Guangxi and Guangdong jointly introduced the 
“Jiuzhou River Basin Water Environment 
Compensation Implementation Plan”.

2015

Guangxi and Guangdong signed the 
“Agreement on Horizontal Ecological 
Compensation for the Upstream and 
Downstream of the Jiuzhou River Basin”

2016

演示者
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In view of the importance of ecological compensation in sustainable development of local society and economy, and the construction of ecological civilization, 
To inform the implementation of ecological compensation, a sustainable standard are needed.
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Why We Do Scenario Analysis
By performing scenario analysis of ecological 
compensation, we aimed to: 

 evaluate the impacts of different development strategies 
on ecological compensation standards;

 improve the equitability of the distribution of the costs 
and benefits of conservation between beneficiaries and 
suppliers of ecosystem services;

 link water regulation service to the benefits;

 inform the sustainability of trans-provincial watershed 
management.

演示者
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Here, we used scenario analysis to 
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Location of Xijiang River Basin
 upper reaches of the 

Pearl River Basin 

 the main stream of 
the Pearl River 

 a drainage area of 
355,000 km2, of 
which 204,900 km2 is 
in Guangxi Zhuang 
Autonomous Region, 
accounting for 57.7% 
of the entire Xijiang
River Basin 

Guangxi Xijiang Basin

Xijiang Basin

Guangxi Zhuang 
Autonomous Region



Overall Route

Land cover 
change scenarios

Spatial land cover distribution patterns

Cost analysis

Ecological compensation standard

Local suitabilityLand cover 
requirementsConv. elasticity

Remote sensing data, Meteorological data, Environmental monitoring data, 
Resource survey data, Socio-economic data, Land resource planning data

Data collection

Ecosystem service assessments

Historical land 
cover change

Environmental 
drivers

Scenarios include:
Business As Usual
Ecological Protection Priority
Agricultural Development Priority
Economic Development Priority
Integrated Development

Ecosystem services 
including:
Water retention
Flood mitigation
Carbon storage and sequestration
Sediment retention
Biodiversity conservation

Models:
Cellular Automate - Markov
Empirical ecosystem service (ES) 

models, InVEST, SWAT



Land Cover Scenarios

The historical trend of land cover 
changes from 2000 to 2015 is 
assumed to continue over the next 
15 years (2015-2030). 

This scenario focuses on the 
protection and restoration of 
ecological lands including forest, 
grassland and wetland. Under this 
scenario, the areas of ecological 
lands will be increased based on the 
historical trend of land cover changes. 

This scenario focuses on the protection 
of cropland which contributes greatly to 
local agricultural yields. Under this 
scenario, the declining trend of 
cropland areas will be mitigated by 
decreasing the rate of cropland 
conversion to other land cover types.

This scenario focuses on economic 
development. Under this scenario, 
the area of built-up lands will be 
expanded by increasing the 
conversion rates of cropland and 
forest to built-up lands.

Integrated 
Development

 Business As Usual

 Agricultural 
Development Priority

 Ecological 
Protection Priority

 Economic 
Development Priority



Land Cover Simulation
Cellular Automate 
- Markov Chain

Slope Key 
drivers

DEM

Distance to River Distance to Road

MARKOV 
chain 

analysis

2000 land 
cover map

2010 land 
cover map

Transition 
probability 

matrix

Transition 
area matrix

Conditional 
probability 

maps

Following a procedure 
of decision-making 
exercise of multiple 
criteria evaluation

演示者
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To simulate the land cover changes,
Use the drivers to build suitability maps for different land cover types



Ecosystem Service Modelling

Ecosystem service Equation 
Water Retention

𝑊𝑊𝑊𝑊𝑖𝑖 = �
𝑚𝑚=1

12

(𝑃𝑃𝑖𝑖,𝑚𝑚 − 𝑊𝑊𝑖𝑖,𝑚𝑚 − 𝐴𝐴𝐴𝐴𝐴𝐴𝑖𝑖,𝑚𝑚) × 10−3 × 𝐴𝐴

Flood Mitigation 𝐹𝐹𝐹𝐹 = 𝐹𝐹𝐹𝐹𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑖𝑖𝑣𝑣𝑣𝑣 + 𝐹𝐹𝐹𝐹𝑙𝑙𝑣𝑣𝑙𝑙𝑣𝑣 + 𝐹𝐹𝐹𝐹𝑟𝑟𝑣𝑣𝑟𝑟𝑣𝑣𝑟𝑟𝑣𝑣𝑣𝑣𝑖𝑖𝑟𝑟

Soil Retention 𝑆𝑆𝑊𝑊𝑖𝑖 = 𝑊𝑊𝑖𝑖 × 𝐾𝐾𝑖𝑖 × 𝐿𝐿𝑆𝑆𝑖𝑖 × (1 − 𝐶𝐶𝑖𝑖)

Carbon Sequestration 𝐶𝐶𝑆𝑆𝑖𝑖 = (�
𝑖𝑖=1

𝑣𝑣
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Empirical Models

 WR, water retention capacity (m3); P, precipitation (mm); R, storm runoff (mm); AET, actual 
evapotranspiration (mm); A, area of each pixel (m).

 FM, flood mitigation capacity of the entire region (m3); FMvegetation, flood mitigation capacity of vegetation 
(m3); FMlake, the available storage capacity of lakes (m3); FMreservoir is the flood control storage capacity 
of reservoirs (m3).

 SR, the soil retention capacity (t ha-1); R, the rainfall erosivity factor (MJ mm ha-1 h-1 yr-1); K, the soil 
erodibility factor (t ha h ha-1 MJ-1 mm-1); LS, the topographic factor; C, the vegetation cover factor.

 ACS, the average annual carbon sink (Tg C/yr); BCS, the biomass carbon storage. 
 i, pixel i; A, the area of each pixel (m2).

Key parameters



Ecosystem Service Modelling
Integrated Valuation of 
Ecosystem Services and 
Tradeoffs (InVEST) 

Precipitation

Actual evapotranspiration

Quick flow

Local 
recharge Baseflow

Seasonal Water Yield 
(SWY)

Sediment Delivery Ratio 
(SDR)

Carbon Storage and 
Sequestration (CSS)

Three modules including:
 SWY for Water Retention
 SWY for Water Retention
 SDR for Sediment Retention
 CSS for Carbon sequestration



Ecosystem Service Modelling

Ecosystem service Major equation Main outputs

Water Retention
𝑊𝑊𝑊𝑊𝑖𝑖 = �

𝑚𝑚=1

12

(𝑃𝑃𝑖𝑖,𝑚𝑚 − 𝑄𝑄𝐹𝐹𝑖𝑖,𝑚𝑚 − 𝐴𝐴𝐴𝐴𝐴𝐴𝑖𝑖,𝑚𝑚) × 10−3 × 𝐴𝐴
Indices including:
Quick flow
Local recharge
Base flow

Flood Mitigation
𝐹𝐹𝐹𝐹𝑖𝑖 = �

𝑚𝑚=1

12

(𝑃𝑃𝑖𝑖,𝑚𝑚 − 𝑄𝑄𝐹𝐹𝑖𝑖,𝑚𝑚) × 10−3 × 𝐴𝐴

Sediment Retention 𝑆𝑆𝑊𝑊𝑖𝑖 = 𝑊𝑊𝑖𝑖 × 𝐾𝐾𝑖𝑖 × 𝐿𝐿𝑆𝑆𝑖𝑖 × (1 − 𝐶𝐶𝑖𝑖) Indices including:
Sediment retention
Sediment export

Carbon Sequestration 𝐶𝐶𝑆𝑆𝑖𝑖 = (�
𝑖𝑖=1

𝑣𝑣

𝐵𝐵𝐶𝐶𝑆𝑆𝑖𝑖,𝑣𝑣2 −�
𝑖𝑖=1

𝑣𝑣

𝐵𝐵𝐶𝐶𝑆𝑆𝑖𝑖,𝑣𝑣1)/ 𝑡𝑡2 − 𝑡𝑡1
Indices including:
Carbon storage and 
Its differences

Biophysical model - InVEST

 WR, water retention capacity (m3); P, precipitation (mm); QF, quick flow (mm); AET, actual 
evapotranspiration (mm); A, area of each pixel (m).

 FM, flood mitigation capacity of the entire region (m3).
 SR, the soil retention capacity (t ha-1); R, the rainfall erosivity factor (MJ mm ha-1 h-1 yr-1); K, the soil 

erodibility factor (t ha h ha-1 MJ-1 mm-1); LS, the topographic factor; C, the vegetation cover factor.
 ACS, the average annual carbon sink (Tg C/yr); BCS, the biomass carbon storage. 
 i, pixel i; A, the area of each pixel (m2).

Key parameters



Ecosystem Service Modelling
Soil & Water 
Assessment Tool 
(SWAT)

Inputs

SWAT 
Databases

Editing 
Calibration

Output Tables 
and Charts

SWAT 
MODEL

Parameterization

Watershed delineation

HRU definition

Weather station Output map

ArcView

DEM

Processing

Hydrology 

For evaluating the impacts 
of development and land 
management practices on 
the watershed water 
balance.

Weather and 
flow stations 
and time series

Ecosystem services 
including:
 Spatial distribution 

of water yield
 Sediment delivery

Soil

Land cover

lon lat

演示者
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For the hydrological ecosystem services, 



Ecosystem 
service

Major equation Main outputs

Water yield 𝑆𝑆𝑊𝑊𝑣𝑣 = 𝑆𝑆𝑊𝑊0 + �
𝑣𝑣=1

𝑣𝑣

𝑃𝑃𝑣𝑣 − 𝑊𝑊𝑣𝑣 −𝑊𝑊𝑣𝑣 − 𝐴𝐴𝑣𝑣 − 𝑄𝑄𝑣𝑣
Daily changes 
In inflow 
and outflow

Water quantity Daily changes
In water quantity
metrics like TN, TP

Sediment 
regulation

𝑆𝑆𝐴𝐴𝑆𝑆′

= 11.8(𝑄𝑄𝑟𝑟𝑠𝑠𝑟𝑟𝑠𝑠𝑞𝑞𝑝𝑝𝑣𝑣𝑣𝑣𝑙𝑙𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎ℎ𝑟𝑟𝑠𝑠)0.56𝐾𝐾𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝐶𝐶𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑃𝑃𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝐿𝐿𝑆𝑆𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝐶𝐶𝐹𝐹
soil erosion and 
sediment yield 
from each HRUs

0

2000

4000

6000

Biophysical model - SWAT

Ecosystem Service Modelling

 SW0 and SWtn are the initial and total soil water content on day n (mm); Pn is the precipitation (mm); Rn is 
the surface runoff on day n (mm); Wn is the amount of percolation and bypass flow exiting the soil profile 
bottom on day n (mm); En is the evapotranspiration on day n (mm); Qn is the amount of return flow on day n 
(mm).

 SED’ is the sediment yield (metric tons); Qsurf is the surface runoff (mm/ha); qsurf is the peak runoff (m3/s); 
areahru is the area of hydrologic response unit (ha); KUSLE is the soil erodibility factor (0.013 metric ton m2 
ha/(m3 metric ton cm); CUSLE is the cover and management factor; PUSLE is the support practice factor; 
LSUSLE is the topographic factor; CFRG is the coarse fragment factor)

Key parameters

演示者
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The SWAT model can give us the daily changes in some important metrics, like the inflow and outflow of each subbasin.



Ecosystem Service Modelling
Data collection

Preprocessing

Biophysical stocks of 
ecosystem services

Scenario projection

Transportation 
characteristics of 
water and matter

Empirical
and 

InVEST

SWAT

Scenario-based analysis of biophysical 
supply and delivery of ecosystem services

Linkage of SWAT with 
empirical and InVEST
models for estimating 
the biophysical supply 
of ecosystem services.

演示者
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Combined with different land cover scenarios, we want to estimate 



Biodiversity Conservation
Threatened species

Normalized importance 
of potential habitats

Overall importance 
index for biodiversity 

conservation

Spatial distribution

Weighted potential habitats

refine

Important areas for 
species conservation

Elevation
Habitat Specific spatial distribution

Weights: 
Critically endangered (CR): 3
Endangered (EN): 2
Vulnerable (VU): 1

maximum

Sum up and 
normalization

Taxon layers:
 Amphibians
 Birds 
 Mammals 

Quantification of 
the provision of 
threatened 
species habitats 
for biodiversity 
conservation.
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Historical Land Cover Changes

Land Cover 2000 2015

Xijang basin Xijiang basin
(Guangxi) Xijang basin Xijiang basin

(Guangxi)

Forest 286925 135039 287782 135407

Grassland 28019 4704 27607 4022

Cropland 104237 54792 99153 54024

Wetland 10144 3181 10209 3386

Builtup 12719 4383 16679 4767

Bareland 814 16 1428 509

Land cover areas (km2)

Export and import characteristics

2015

2000

Guangxi Xijiang basin

Guangxi Xijiang basin

Export
2000

Import
2015

Forest

Grassland

Cropland

Wetland
Builtup

Bareland

Forest

Grassland

Cropland

Wetland

Builtup

Bareland

演示者
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Increases in the forest, wetland and builtup lands, but decreases in the grassland and cropland. Most of the grassland and cropland have been changed to forest.



Image similarity:
Chi-square = 3.29×106

df = 36
P-level = 0.000
Cramer’s V = 0.8289
Kappa = 0.9465

Simulated (2015)

Original (2015)

Difference between simulated and 
original land cover areas (km2)

Simulation of Land Cover

0.0E+00

5.0E+04

1.0E+05

1.5E+05

2.0E+05

2.5E+05

3.0E+05

3.5E+05

Forest Grassland Cropland Wetland Builtup Bareland

-3.81%

-0.67%

2.67%

11.39% 38.40%
25.06%

Original
Simulated

演示者
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By using the ca-markov chain, we simulated the land cover of 2015 and validated the model output with the original land cover. The fitness was over 0.9 for the simulation.



Prediction of Future Land Cover
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Wetland
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0
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Bareland

25000

26000

27000

28000

29000

BAU EPP ADP EDP IDP

Grassland

Ecological Protection Priority

Agricultural Dvpt. Priority

Economic Dvpt. Priority

Integrated Dvpt.

Business As Usual

2015 2030

Baseline map

Land cover areas (km2) under 
different scenarios

EPP

ADP

EDP

IDP
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15 years transformation probability matrix
The areas of ecological lands, (forest, grassland and wetland) are relatively higher under the ecological protection priority scenario. While the areas of cropland and built-up land are relatively higher under the agriculture priority and economic priority scenarios, respectively.



Biophysical ES Supply
BAU

EPP

ADP

EDP

IDP

Relatively higher water 
retention and flood mitigation 
services for the EPP scenario 
as indicated by the traditional 
ecosystem service models

Water Retention (m3)

Flood Mitigation (m3)

9.60E+10

9.80E+10

1.00E+11

1.02E+11

BAU EPP ADP EDP IDP

5.25E+11

5.50E+11

5.75E+11

6.00E+11

BAU EPP ADP EDP IDP

演示者
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Water retention, over 1 billion
Flood mitigation, around 5.75 billion



6.00E+10
8.00E+10
1.00E+11

BAU EPP ADP EDP IDP

Water Retention (m3)

2.40E+11
2.70E+11
3.00E+11

BAU EPP ADP EDP IDP

Flood Mitigation (m3)

2.40E+09
2.60E+09
2.80E+09

BAU EPP ADP EDP IDP

Carbon Storage (tons)

2.97E+09
2.98E+09
3.00E+09

BAU EPP ADP EDP IDP

Soil Retention (tons)

Biophysical ES Supply - InVEST

BAU EPP ADP EDP IDP

As indicated by the InVEST model outputs, 
relatively higher biophysical supply of ecosystem 
services were observed under the EPP scenario.



Flow station
Reservoir 

YongWei

Calibration Validation

Biophysical ES Supply - SWAT
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As for the swat model, we used the datasets of 2016 and 2017 to calibrate the sensitive parameters. And the datasets of 2018 to validate the simulated outflow. The fitness for the calibration reached over 40% with 100 iterations. Currently, we are still continue the calibration process in order to improve the model accuracy. 



Biophysical ES Supply - SWAT
Sensitive parameters used 
for estimating hydrological 
processes including:
Name Description

r__CN2 Curve number

v__ALPHA_BF Baseflow alpha factor

v__GW_DELAY Delay time based on aquifer 
recharge

v__GWQMN Water depth in the shallow aquifer 
required for return flow to occur

v__GW_REVAP Groundwater revap coefficient

v__REVAPMN Water depth in the shallow aquifer 
for revap or percolation to the deep 
aquifer to occur.

v__ESCO Soil evaporation compensation 
factor

r__HRU_SLP Average slope steppness

r__OV_N Manning’s n value for overland flow

Hydrological balance for the whole basin



Biophysical ES Supply - SWAT
Water yield capacity without 

management effects Xijiang basin (m3/s)

Guangxi (m3/s)

125 model sub-basins
2899 HRUs

IDP

BAU EPP

ADP EDP
390

391

392
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395

396

BAU EPP ADP EDP IDP

34

34.5

35
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36

36.5

BAU EPP ADP EDP IDP



Biodiversity Conservation

Importance index for 
biodiversity conservation

Amphibians (25)

Birds (37)

Mammals (11)

Red List Category
 Vulnerable (VU): 39
 Endangered (EN): 24
 Critically Endangered (CR): 10

High

Low



Biodiversity Conservation
Mean importance index for biodiversity conservation 

under different scenarios

EPP ADP EDP IDP

High

Low

Importance 
index

BAU

0.31

0.32

0.33

0.34

0.35

0.36

0.37

0.38

0.39

0.4

BAU EPP ADP EDP IDP

Xijiang
Guangxi



Outline

Background
Research Question
Methodology
Preliminary Results 
Next Work



Yet To Do
Estimation and refining of the spatial distribution of 

biophysical metrics including water yield, sediment 
delivery based on SWAT model;
Valuation of ecosystem services under different 

scenarios;
Measurement of ecological compensation standards 

between the upstream and downstream regions.



Thanks for your attention!
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