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Bonn2011 Conference i
B aC k g r O u n d The Water, Energy and Food Security Nexus
Solutions for the Green Economy
16-18 November 2011 ‘

Bonn2011 has provided a first platform for consideration of the
close interlinkages of water, energy and food (WEF) security and
the benefits of a nexus perspective.
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» About 0.9 billion people lack access to safe drinking water

» 2.6 billion people lack access to adequate sanitation

» 1.3 billion people lack access to electricity

» 2.7 billion have no access to modern and healthy forms of cooking
» close to 1 billion people are undernourished

o /




Challenge

Water, energy, and food sectors are interconnected in important
ways, and actions in one sector may either help or harm the other
two. Disconnected approaches and silo thinking are more likely

N

to make matters worse.

-

\_

Water-Energy-Food Nexus: 60% more food by 2050 — mostly from
yield increase — hence a lot more energy, 40% more water and 40%
more energy in 2030 (FAO)
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Balance different
uses of ecosystem
resources (energy,
water, land, soil
and socio-
economic factors)

Food,
Energy

Water

Tradeoff

The FAO approach to the Water-Energy-Food Nexus

| Goals and interests ‘
Different, often competing social, economic and
environmental goals and interests related to:
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_ Managing the Nexus ‘ y
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Governance

Population growth
and mobility

.......... N
Ty, Sectoral policies ,

=
vested interests

Diversifying and
changing diets

International
and regional trade,
markets and prices

]

Cultural and societal %
beliefs and
behaviours

Drivers

sianQ

Industrial development

Technology and
innovation

Agricultural
Transformation

Resource base

Climate Change
Urbanisation

Water



Ecosystem
Services:
The benefits
humans
obtain from
ecosystems.

(MEA 2005)

Ecosystemn services

. Provisioning
. » food

- o fresh water

* wood and fibre
e fuel

- Supporting Regulating
i e nutrient cycling i » climate

: @ soil formation : o floods
i e primary i o disease
:  production i e clean water

: Cultural
- o Aesthetic

» spiritual

i » education

s recreation

Ecosystem services and human wellbeing

Constituents of well-being

: Security

| » personal safety
i ® resource access
i » from disasters

____________________

: Basic for life
| » livelihoods

I e nutrition

|  shelter

» strength
o feeling well
¢ clean air
e clean water

l Social

i » social cohesion
| o« mutual respect
|  ability to help

i others

| Freedom of choice
: and action

opportunity for
| achievement

|

|

; : 1

e satisfactionand |
|

|

. Thicker line = Intensity of linkage ' Darker line = Increasing potential |
. between ES and human well-being : | for socio-economic mediation :




Climate change and ES

» Global change has significantly affected global ecosystem
services

Spiritual
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Climate change and land use have a negative impact on most
ecosystem services ;

Global change has become an important challenge for the
sustainable development of human society.



@ Key topics of Ecosystem Services

€ Ecosystem processes and services

) )

?

€ Understanding relationships among multiple
ecosystem services

€ Regional integration of ecosystem services



Ecosystem Processes and Services

Ecosystem services Research Focus Target
m Water Generation and Impact of To reveal the
conservation and regulation ecosystem structure | | jnteractions

hydrological mechanism of and process between
: ecosystem changes onto
reglulatlon : services ecosystem services ecosystem
m Soil conservation, Interactions structure-
m Carbon between supporting process and
sequestration services and ecosystem
regulation services services

Models on process

e

Based on long-term ecosystem monitoring and experiment



Ecosystem services are
interrelated due to:

2. Interrelation between

ecosystem services.

rd

Trade-off

Basis for interrelations within ES

Ecosystem services

,,.--"""Esiah

|

ESDb

HE&CH

Interactions

Society

Ecological engineering

Unintended consquences
Ecosystem service drivers

Ecosystem

Process 2




Land use is crucial for ecosystem service

ESS :”.¢‘ e, .'..
level | Provisioning services (P):
| o Regulating services (R):
Cultural — recreation services (Cr):
Cultural — Information services (Ci):
Multiple Services
Per Land Use type
natural lightise extensive intensive degraded (Braat and ten Brink 2008)
High Biodiversity Low Biodiversity

Regulating and cultural services are very often correlated with high
biodiversity

There is often a conflict between provisioning services and regulating and
cultural services.



Management of ecosystem services

Restoration

MULTIPLE ECOSYSTEM SERVICES WITH DIFFERENT LAND USE

eIncreased inputs

INCREASED ECOSYSTEM SERVICES WITH ENERGY INPUTS

| Landuse fype 4: Degraded ecosysiems |

Restaration Depradation
B35 o
level
MHE ML{'_'_E MH1 MHJ
| cr
4
P
L1
PN i

N
o/ IS

degraded

natural  Bightuse extensive  intensive

High Biodiversity Low Blodiversity

P = Provisioning services

R = Regulating services

Cr= Cultural {recreation)
sarvices

Ci = Cultural {information)
services

per Land Use type

] ML = Multiple Services

ESS = Ecosystem Services

Braat, 2010
[Developed from! Braal & Ten Brink, 2008) |
l

E3S
level

natural  lightuse extensive  intensive

High Biodiversity

il

Landuse type : Intensive agriculture; High Energy
input== increased yield | hectare: risk of losing
Sollregulating services

P = Provisioning services

R = Regulating services

Cr= Cultural (recreation)
services

Ci = Cultural {information)
services

degraded

Low Blodiversity

ESS = Ecosystem Services

Braat, 2010
[Developed from! Braat & Ten Brink, 2008) |
l

(Braat and ten Brink 2008)



Land use change

*Biogeochemical,
Hydrological
cycles change;
 ecological
processes and
ecosystem
services.




Landscape Tradeoff
design analysis

Land use
sirategies

Current Opinion in Environmental Sustainability

Linking landscape pattern —ecosystem process-ecosystem
Services and landscape design

(Fu et al., Current Opinion in Environmental Sustainability , 2013)



@ Study Area—Loess Plateau

® Located in northern
China with an area
of over 600

thousand Km?

€ Semi-arid area with
water shortage
problem

& Diversified
landforms

® Soil erosion severe
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onship and

e Human-nature relati
ecosystem management

 Population increased

e Supporting 8.5% Chinese .|

40001

people with 6.7% of the

territory

Population increase

0
1911 1928 1949 1979 1982 1996 2000 2003 2007

e Agricultural development and soil water
conservation have been the focus of ecosystem

management since 1949

e 1980’s some ecosystem restoration projects have
been done. Grain to Green Programme have been

implemented since 1999



* Tradeoff In Loess Plateau

Poverty Reclaim
(Energy+)
(Energy-) I \ o
Past
Yield Soil :
decrease erosion

)\ Water /(

(Drying oee Synergy)



Current situation of LP

» Most of the poor are famers [Ecosystem] [ Human ]

» Small-scale farming cannot alleviate

poverty but cost much water Now [ Mining

» Mining for fossil energy may pollute LWaterq 'ndUStry
the soil and water =
o | Farms People
» Urbanization with increasing people

requires water, energy and food
Less More

Imbalance




@ Mission

» Understanding the Water, Food and Ecological
Conservation nexus tradeoffs in LP

» |ldentifying the balancing thresholds in the nexus

» Developing models to simulate the WF and
Ecological conservation

» Evaluating the nexus sustainabillity in different
scenarios

» Finding the adaption way to both alleviate poverty
and protect the environment



Landscape and land use Change in the Loess Plateau

SEMIME MR |
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Change of Vegetation Coverage
IS biggest in the Loess Plateau
from 2000 to 2010
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What Happen ?

Land Cover Change Ecosystem Services



Methods

Scales Methods Integrated

Data Integrated
RS and Simulation
modeling

Pattern-Process
GIS and

modelin
Transects J
Sample

Site Observe
Control Exp Processes




Measurement and Investigation

Kilometers
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Soil Moisture Dynamics In plot scale

Wang, Fu et al, HESS, 2012



€ Plantation Forestry ET Observation

L

-y . iy ¥

Plot 1 (>304E/229/NW)

Plot 2 (254/24°/S)




@ N-S Transect Survey
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Soil moisture (V/V)

Dynamics of the mean soil moisture and
temperature

24 4

— _—

g O 204
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= ..g 18
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é = 164

o 'S}

o =

A 14
. . J 110 124 ==--Grass—-—-= Subshrub------ Shrub ------ Tree Crop
- - - Grass—-—--Subshrub - - - - - Shrub -Tree Crop :

120 y T T T T "~ T T T T "~ T T

T 1 T 1 1 1 1 T "~ T 1T 1T 17
Jun 25 Jul2 Jul9 Jul16 Jul 23 Jul 30 Aug 6 Aug 13Aug 20Aug 27 Sep 3 Sep 10Sep 17Sep 24

T — —T— T
Jun 25 Jul 2 Jul 9 Jul 16 Jul 23 Jul 30 Aug 6 Aug 13Aug 20Aug 27 Sep 3 Scp 10 Sep 17 Sep 24

Day
Day -

The mean soil moisture can be ordered as
crop>grass>subshrub>tree>shrub ;

This relationship displayed time stability;

Soil moisture increasing and temperature decreasing throughout the
observation period .

Wang, Fu* et al, Catena, 2013



Cumulativenfiltration (1mm)

Precipitation and cumulative infiltration

J W Grass

mCrop

@ Tree I=05P-2247 R2=00938 B
AShnb f=0492P-493 RZ=02852
1 mSubshrab  [=-0003P2+0761P-0318 R2=0023
i=0123P-1.135 R?=02827

F0407P-1.492 RZ#=0319

Precpitation (mm)

Precipitation (mm)

250

200 -

150

100

I Precipitation [ Infiltrated water --4p-- Infiltration rate 4 0.7

Tree Shrub Subshrub

Grass

Crop

Land cover types

Subshrub site showed the highest total infiltration rate, 72%;
Followed by grass site, approximately69%;
The tree site had an infiltration rate was approximately 64%;

The shrub site had an infiltration rate was approximately 60%;

The crop site had the lowest infiltration rate was approximately 37%.

0.45

0.40

- 0.35

Wang, Fu* et al, Catena, 2013

Infiltration rate
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Soil moisture decrease process

Relative wet period

Cumulative ETO (mm)

Forest
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Forest
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Type

® Average daily water losses for subshrub and grass were 2.3 and 2.2mm;

® Corn showed the lowest average daily water loss of 1mm;

® The forest and shrub sites presented an intermediate level, 1.7 and 1.8mm.

Wang, Fu* et al, HESS, 2012
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Soil moisture (V)
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Soil moisture decrease process

Relative dry period
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Wang, Fu et al, HESS, 2012
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Forest Subshrub Shrub Girass

® The daily ET trends of the forests and shrub sites were similar and

were more stable than those of the other types;

® The higher initial soil moisture content resulted greater post-rainfall
water loss under subshrub and grass sites.
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Soil Moisture Change
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= Soil moisture under black locust forestry

Jin, Fu* et al, HESS, 2011



Soil C Seguestration
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e Strong  evidence to
support that the initial
decline in SOC and STN
occurred in subsurface
soil layers after
afforestation of fertile
cropland, but neither in
the uppermost layer nor
in the infertile cropland .

Lu et al, Biogeosciences, 2013



SOC (Mg C ha't)
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Year
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2015

00

© Sample

L ® Mean
modelled mean
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----- lower 95% limit

C input

Site 4

7&@6

1975

1985

1995

Year

2005

SOC dynamics from 1975-2010 (0-20 cm soil depth)

2015

C input (Mg C hal)

v'In general, the modeled
SOC fit well with the
measurements.

v'The SOC dynamics was
mainly following that of
litter input.

v'SOC decreased in the
first a few years and then
increased.



Annual C change (MgCha-1)
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Simulated SOC Change from 1980 to 2010

v" The soils turned from C
sources to C sinks after about
3-8 years of afforestation.

v The changes of SOC in the 0-
20 cm contributed the highest
proportion to the total changes
in the 0-100 cm of soil depth.



” Multiple Ecosystem Services of

Plantations
Storage of
Storage of soil soil total Soil water
organic carbon nitrogen (STN) storage (SWCQC)
(SOC)
Aboveground ' Understory
biomass (AGB) ¢ Vvegetation
diversity (BIO)
Erosion
control Others
Runoff

Plantations



Temporal Changes of ESs

Relative Benefit
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Lu and Fu*et al, Landscape Ecology, 2014




* A Method to Quantify the Trade-offs

among ESs

Relative Benefit of ES-2

Relative Benefit of ES-1

A diagram of trade-off between two ESs.
The figure is modified from
Bradford and D’ Amato (2012)

Data standardization, scale
from O-1.

Calculating root mean squared
error (RMSE) between two or
more ESs.

RMSE represents the distance
from the coordinate from a
pair of ESs to the 1:1 line (in
two dimesion), where the two
ESs are equal (trade-off = 0).
Trade-off: B>C>A



Relationship between ESs

SWC

SOoC

AGB

STN

STN

@ Dry area
O wet area

STN




Trade-off plots of paired ESs —

Quantitative Measures

s0C
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Wet

Dry

The trade-offs between SWC
and other ESs were relatively
large.

The trade-offs between BIO
and other ESs were relatively
large.

The trade-off was largest
between SWC & BIO, and
smallest between SOC &
STN.

The SWC-related trade-offs
were larger under wet
conditions . But others were
larger under dry conditions.

Y-axis represents trade-off value (RMSE), scale: 0-0.4



Trade off of ES in regional scale

rvices in the GFGP plots with resolution of 90 m. (A} Soil conservation service supply (tkm~? a='), (B} The amount of evapotranspiration {mm),

sel
oductivity (g carbonm~2 month™ ) to regulate climate and gas. (D) The volume of water yield (mm).

ES Mapping

Jia and Fu* et al, Ecological Indicators, 2014



Trade off of ES in regional scale
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Based on landscape
pattern and ecosystem
service relations, ES
scaling and spatial
heterogeneity, we
developed an
Integrated regional ES
assessment and

modeling system

Hu, Fu* et al, Landscape Ecology
2015

A

Integrated ES Modeling System
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Land use change




Ecosystem services change
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Scenarios analysis
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One of the optimized solutions
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Fig. 8 Land use map for one of the opumized solutnons
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Water Yield

A General Monthly Arid-Semiarid Evapotranspiration Model
ET = k1 +k2* PET*PPT+K3* PET*LAI + K4*PPT *LAI
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Water Yield

Spatial and temporal variability of water yield
and the driving forces
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Temporal variability of water yield
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»Due to ecological restoration, about
38% of the study region experienced a
decrease in water yield during 2000-2008
within a range of 1-48 mm per year.

»Due to the combined water vyield
responses to ecological restoration and
climate variability, about 37% of the
study area saw a decrease in water yield
within a range of 1-54 mm per year.
About 35% of the study areas have
experienced an increase in water yield
with arange of 1-10 mm per year

»Mean annual water yield across the
region decreased during 2000-2008
except in 2000 and 2001 when a slight
increase in water yield. The restored
ecosystems appeared to be stabilized
three years after the implementation of
the GFG project.

Feng et al, HESS, 2012
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* Average retention rate is
63.3%

* During 2000-2008, the
soil retention amounted
to 0.15 billion tons
annually
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Annual sediment load (Gtiyr)

Dynamics of runoff and sediment
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B Sediment delivery of the Yellow River decreased
-~ significantly decreased by 81% in the last 60 yrs to about
0.3 billion tons annually

Wang, Fu* et al, 2016, Nature Geoscience



Developed attribution method for

ecosystem service change

nature

LETTERS :
é8cience

Reduced sediment transport in the Yellow River
due to anthropogenic changes

Shuai Wang"?, Bojie Fu"2*, Shilong Piao®#, Yihe Lii'?, Philippe Ciais®, Xiaoming Feng'?

and Yafeng Wang"?
R 5
=P = — | =Pr
( P ) ( R ) ’

We then define the proportional change rate of a quantity X () as
r(X)=X"'dX/dt. Because ((dS/dt)/8)=((d(Prs)/dt)/Prs)=((dP/dt)/P)
+ ((dr/dt)/r)+ ((ds/dt)/s), the counterpart of the sediment identity for
proportional change rates can be rewritten as

r(S)=r(P)+rir)+ri(s)

(1)

oy
o
N
o

Bl Pi-P2

0.201 Il P2-P3

e
—
o

Increased retention capacity (Gt yr’1)
o
o

-0.054

Terrace Dams & reservoirs

Vegetation

Restoration measures

———————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————

B Before the 1990s,landscape engineering measures (e.g., dam &
terrace cropland building) were the main reason for sediment

reduction (54%)

B Since 2000, vegetation restoration has been the main contributor for

sediment reduction (57%)

___________________________________________________________________________________________________________________________________________

Wang, Fu* et al, 2016, Nature Geosmence



Carbon Sequestration

Carbon sequestration by plant growth: CASA NPP+land cover map
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»The total annual NPP increased from 0.170 Pg C
in 2000 to 0.217 Pg C in 2008: a significant rate of
9.4 g C m? per year (P<0.01).

»Spatial variaed: Significant increase of annual
NPP (P<0.05) occured in 37% of the Loess Plateau
area

»The highest increment occurred in the area with
annul precipitation 500mm

Feng and Fu* et al, SR, 2013



Carbon Sequestration

NEP and soil carbon— NPP derived ecosystem process model GENTURY

—1lp_boundary_bioclimate
g C m2yr.” per year

M so

—lp_boundary_bioclimate
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Trend of NEP (2000-2008) Trend of soil carbon (2000-2008)

»The Loess Plateau ecosystem had shifted from a net carbon source in 2000 (-0.011 Pg C) to a net
carbon sink in 2008(0.108 Pg).

» A total of 96.1 Tg of additional carbon had been sequestered, This sequestration of carbon is
equivalent to 6.4% of China’s total fossil fuel carbon dioxide emissions in 2006.

> No significant trend of soil carbon during 2000-2008. Soil carbon storage usually lag behind that of
aboveground productivity

Feng and Fu* et al, SR, 2013



The Tradeoff Relationship Between Carbon
Sequestration and Water Yield

—lp boundary

NEP=aWY+B

a —!p boundary

. 20 NEP=b*POWER(WY,a)
M High : 3

B -30

B Llow: -3

»The gain of carbon sequestration was at the cost of water yield in arid and
semiarid area of Loess Plateau.

»However, the gain of carbon sequestration increased as water yield
declined allometrically (a power function fitted best) in the restored area.



Trend of NPP
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»Annual NPP estimated from the models without reforestation does not

show any significant trend, supporting attribution of the observed NPP
increase to this land use change

Feng and Fu* et al, Nature Climate Change, 2016



Trend of ET

ETWatch ET
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»The sub-regional areas of ET increases are also found to coincide with
plantation areas.

» Annual ET estimated from the models without reforestation does not
show any significant trend, supporting attribution of the observed ET
increase to this land use change

Trend of annual ET
mm per year
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Feng and Fu* et al, Nature Climate Change, 2016



Trend of ET and Runoff Change

Observed runoff of 55 catchments

Before plantations(1982-1988),slope=0.175,R2=0.21 ,p<0.001
1001 After plantations(2006-2010),slope=0.126,R?=0.25,p<0.01 Annual PPT
M 300 mm
L 801 W 200 mm
= [ Watersheds &
£ 601 — River
=
e
S 401
o
20

300 400"~ __ 500 .-~ 600

» The spatial distribution of runoff between catchments has also been
modified by the different fractions of afforested land

lowest runoff in the driest watersheds before GFGP.

lowest runoff in watersheds with precipitation of 400-550 mm yr!

Feng and Fu* et al, Nature CC, 2016



Integration ET NPP and Water
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»NPPs predicted by the CMIP5 under the RCP2.6 climate scenario, is
approaching water sustainable use limits

Feng and Fu* et al, Nature Climate Change, 2016



Grain productivity(kg/ha

Grain production
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Cropland areas and grain production in
Yanchang County
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Zeng and Fu* et al, Land use policy, 2014



Population in Yanchang in 2012

Population
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e Trade-offs and synergies among

ecosystem services

Positive on soil conservation, carbon
sequestration, NPP Vs. negative on surface
runoff

Gain on ecosystems can be realized along
with the improvement of agricultural
production and social economic well off

Trade-offs and synergies of ES may vary
according to scales and geographic location



@ Summary

The loess plateau Is ecologically vulnerable
with tense man-land relationship

Soil and water conservation as well as local
development are the focus of present ecosystem
management

The regional ecosystems and their services have
been significantly improved at regional scale
since 2000

To further improve ES, science and policy need
to be integrated as two important elements.



* Conclusions

¢ Linking FW and Eco-conservation provide the scientific
base for ecosystem restoration

¢ Understanding relationships among multiple ecosystem
services (FWE) lead to ecosystem services optimization and
management.

¢ Ecosystem services modeling is an integrated approach to
support land use management.

¢ Multidisciplinary in holistic approach, resolving nexus
FWE.



Thanks !
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