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- Chief Management Officer of Water Resources & 
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- Former General Director of Water Cycle Research Center, 

Green Algae Technology Center, Disaster and Safety Dept.



- Expertise in Water Resources Planning and Management
- Research focus: Water cycle, Comprehensive water saving 

and water ecological protection
- Project: XiongɅanDevelopment Zone, Yellow River Basin,

South-to -North Water Diversion Project etc. 



- Professor for Water Engineering and Management
- Specializes in Hydrologic and Water Resources Modeling
- Research: Watershed Modeling, Climate Change on Hydrology,

Water resources and Socio -economic development
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CLIMATE CHANGE



ÅOperating entity of the financial mechanism of the United Nations 

Framework Convention on Climate Change (UNFCCC) established at 

the 16th Conference of Parties in 2010

ÅA critical element of the historic Paris Agreement

ÅThe ×ÏÒÌÄȭÓ ÌÁÒÇÅÓÔ ÃÌÉÍÁÔÅ ÆÕÎÄ, mandated to support developing 

countries raise and realize their Nationally Determined Contributions 

(NDC) ambitions towards low-emissions, climate-resilient pathways.

THE GREEN CLIMATE FUND







GCF WATER PORTFOLIO OVERVIEW

ÅCONCENTRATION into 2 major 
subsectors

ÅWhile some subsectors are cross-cutting 
and may be categorised under other 
sectors, they all involve changing the 
way water is managed and/or used.

ÅMost projects include:

- water governance and enabling 
environment initiatives

and/or

- capacity building

Climate 
resilient water 

supply

Flood 
management

Drainage
Drought 

management
Coastal zone 
management

Integrated 
water resources 
management

Wetland 
protection & 
restoration

Irrigation Hydropower

Sanitation



Adaptation options include:

Demand management

1. Leakage reduction

2. Wastewater reuse & recycling

3. Efficient irrigation

Supply enhancement

1. More storage, e.g. rainwater harvesting

2. New water supply infrastructure

3. Conjunctive use of groundwater 

and surface water

ONE FOCUS AREA OF GCF PROJECTS
ADDRESSING WATER SCARCITY 

DUE TO CLIMATE CHANGE



FP119  Water Banking and Adaptation of Agriculture to Climate 
Change in Northern Gaza

STATE OF PALESTINE 

Á AE: Agence Française de Développement (AFD)

Á EEs: Palestinian Water Authority; Food and Agriculture 
Organization 

Á Beneficiaries: 23,553 (direct) / 200,000 (indirect) [50% 
women]

Á Mitigation potential: 5,561.95tCO2eq (yearly) / 
166,858.5 tCO2eq (lifetime)

Á ESS Category: A

Á Total financing: EUR 44.7 million

Á GCF Contribution: EUR 23.7 million (grant)

Á Co-financing: EUR 13.0 million (grant) from AFD, EUR 8.0 
million (grant) from IrishAid

Á Project Duration: 5 years



PALESTINE ɀWASTE WATER AND RAIN HARVESTING

ÅProblems
Å15% decrease in precipitation by 2050
Åwater level in the coastal aquifer in Gaza only freshwater resource, rapidly 

declining resulting in saltwater intrusion 
Åagricultural inefficiencies lead to overuse of water and high evaporation, 

pressure on aquifer

ÅSolutions
Årehabilitation of existing wastewater infiltration basins
ÅDrilling deep wells for recovery of the treated wastewater
Åconstruction of reservoir
Ådevelopment of an irrigation system 
Åprovision of 4,200 on-farm water saving equipment 
Åpowered by renewable energy



Jordan

ÁAE: Food and Agriculture Organization of the United Nations (FAO)

ÁEE: FAO, UNDP, Ministries of Water and Irrigation (MWI), Agriculture 
(MoA), and Environment (MoE)

ÁBeneficiaries: 83,743 (direct) [40% female] /128,673(indirect) [51% female]

ÁESS Category:B

ÁTotal financing: USD 33.25 million

ÁGCF Contribution: USD 25 million (grant)

ÁCo-financing: USD 8.25 million

ÅUSD 3.95 million (grant, in-kind) from GoJ-MWI

ÅUSD 1.86 million (in-kind) from  GoJ-MoA

ÅUSD 0.38 million (in-kind) from GoJ-MoE

ÅUSD 1.0 million (grant) from FAO

ÅUSD 1.06 million (grant, in-kind) from UNDP 

ÁProject Duration: 7years

FP155 Building resilience to cope with climate change in Jordan 
through improving water use efficiency in the agriculture sector 
(BRCCJ)
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Component 1 
$   19,800,637 

- Waste-water recycling for 
alfalfa production

- Rainwater harvesting
Å Household water efficiency                             

gadgets

Component 2 
$     8,018,627 

-Farmer Field Schools
-Women Change Agents

Component 3 
$     3,771,781 

Addressing  gaps in policy 
and regulatory 
frameworks to incentivize 
water efficiency





Evolution Characteristics of Global Terrestrial Water 

Resources and Integrated Adaptation Strategies 

for Climate Change

8 April 2021

Presented by: Yan Denghua

Department of Water Resources, China Institute of Water 

Resources and Hydropower Research (IWHR) 

State Key Laboratory of Simulation and Regulation of Water 

Cycle in River Basin



Outline

01 | Research Background

02 | Key Support Technologies

03 | Main Research Results



1. Research Background ñClimate Change and Human Activities 

Significantly Affect the Global Terrestrial Water Cycle
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Climate warming

Rainfall change

Population growth

Water demand growth

Resource shortage

1960-2017water consumption

1.95-4.18 trillion m3

Climate change and human activities have worsened the imbalance and unsteady state of the terrestrial 

water cycle, thus directly affecting the availability, controllability and renewability of water resources, 

as well as their total amount, composition and distribution.



1. Research Background ñWidely Concerned by the International 

Community

Å Since the birth of the UNFCCC in 1992, international community, government departments and academic circles have

conducted a series of negotiations on climate change and water resources;

Å In 2020, World Water Day on March 22 and World Meteorological Day on March 23 shared the same theme "Water and

Climate Change", which further demonstrates that the international community attaches great importance to research on

climate change and water resources;

Å There is an urgent need to accurately identify the evolution characteristics of global terrestrial water resources, so as to

provide important scientific basis for the BRI and other national development strategies, as well as China's participation in

global governance.



1. Research Background ñPurpose and Significance

Promote China's water resources evaluation method to the world, revise and unfold the global land surface-

hydrological basic information, obtain the global surface water resources data set, and reveal the evolution

characteristics of the global terrestrial surface water resources; delineate the global climatic-ecological-

hydrological zoning, and propose the adaptation strategies in typical areas/regions, so as to provide support for

the diagnosis of water security in key areas covered by the national strategy, and share Chinese solutions and

practice with the global community.

ü Unveil the evolution characteristics of global terrestrial surface water resources

ü Propose the climate adaptation strategies in typical areas/regions
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1. Research Background ñKey Scientific Issues

Evolution characteristics of global 
terrestrial surface water resources

Global complete 

set of basic data 

sets

How to obtain the basic data set of multiple 

types and long sequences?Lack of basic data

Lack of large-scale 

regional zoning 

plans

How to obtain the key evaluation 
parameters of a large number of lack -data 

watersheds in large -scale areas ψ

How does the human development of 
water resources affect the climatic -

ecological -hydrological zoning?

Lack of large-scale 

regional water 

resources 

evaluation

Global climatic-

ecological-

hydrological zoning

Evolution 

characteristics of 

global surface 

water resources
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ü 1: Grading and Coding Technology of Global River

Networks and Water Resources Zones

ü 2: Acquisition and Optimization Technology of Water

Resources Evaluation Parameters in Lack-data Watersheds

ü 3: Global Climatic -Ecological -Hydrological Comprehensive

Zoning Technology

2. Key Support Technologies

24



Characteristics
Our New 

Method

Tree-like 

Method

Pfafstetter

Method

Ordinary 

advantage

Identify theriver hierarchyclearly ã × ã

Characterthetopologicalrelationshipeasily ã ã ×

Determinethestem-tributaryrelationshipexplicitly ã ã ×

Supportotherindicatorto determineriver level,suchasflow ã × ã

thestructureof river segmentcodeis simple ã × ã

Outstanding 

advantage

Determinetheriver standardof differentlevel individually ã × ×

Modify thecodeeasilywhenriver networkhaschanged ã ×

Transformtheriver codelengthis simple ã ×

Suitablefor largewatershedwith amassof river segments ã

Supportmultiple river convergeeasily ã ×

Indicatetheriver flow pathprecisely ã ×

Wang,k. Yan,D. WengB. et al., 2019. Journalof Hydrology. Q2 TOP,IF=4.405

ÅA global river network coding method with wide applicability, strong flexibility and consistent with Chinese practices has 

been developed

2. Key Support Technologies ñGrading and Coding Technology of Global River 

Networks and Water Resources Zones

ü Absorbing the comprehensive advantages of tree-like method and hierarchical nesting, with the coding results simple and easy to

understand, clear topological relationship, and being ready to adjust

ü Superior to the Pfafstetter method in multiple features such as river network hierarchy, coding expression and topological

relationship indication

The characters comparison of different methodsJournal of Hydrology



Method Methodological assumptions

Spatial 

proximity

Watersheds that are close to each other show more similar hydrological 

characteristics than watersheds that are far apart

Physical 

similarity
Watersheds with similar attributes behave similarly in the hydrological process

Regression

There is a good relationship between indicators and parameters of known 

physical features in the watersheds, and it can be transplanted from "study 

watersheds" to "non-study watersheds"

Combination
Coupling space proximity and physical similarity methods, fully considering the 

joint influence of spatial positions and physical attributes

Spatial 

interpolation 
The closer the distance, the more similar the attributes of the watersheds

2. Key Support Technologies ñAcquisition and Optimization Technology of Water Resources 

Evaluation Parameters in Lack -data Watersheds

ÅA parameter transplantation method based on climatic-ecological zoning has been developed to obtain key 

parameters in lack-data watersheds
ü Most commonly used methods of parameter transplantation in lack-data watersheds only focus on statistical methods or climatic and 

geomorphological features

ü A parameter transplantation method for lack-data watersheds has been developed considering the climatic-ecological coupling 

relationship, superior to the commonly used parameter transplantation methods

Basic principles/methodological assumptions Technical solutions
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2. Key Support Technologies ñGlobal Climatic -Ecological -Hydrological Comprehensive Zoning 

Technology

ÅA global climatic-ecological zoning technology has been developed to provide basic support for parameter 

transplantation

ü Previous climatic and ecological zoning schemes by a single feature fails to reflect the interrelationship between climate, ecology and 

hydrology

ü Integrating the Köppen climate classification and 13 key ecological zoning indicators, the global climatic-ecological zoning method has 

been developed
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Optimization of number of categories Unsupervised classification

Indicator

category

Indicatorselected

Topography Elevation(m)

Surfaceundulation(m)

Landcover Arablelandarea(%)

Wetlandarea(%)

Waterarea(%)

Tundraarea(%)

Artificial groundsurfacearea(%)

Barelandarea(%)

Glacierarea(%)

Vegetation Forestarea(%)

Grasslandarea(%)

Shrubarea(%)

Soil Soil type

Ecological key feature indicators

Classification of water production coefficient

Classification 1 2 3 4 5 6

Conditions of

water production

coefficient

< 0.2 0.2~0.4 0.4~0.6 0.6~0.8 0.8~1.0 >1

Numberof Level

4 Water

ResourcesZones

20866 21796 10524 4369 1660 1349

Classification of surface water resources development and utilization 

rate

Classification 1 2 3 4 5

Conditions of

development and

utilization rate

< 0.1 0.1~0.2 0.2~0.4 0.4~0.8 >0.8

Number of Level 4

Water Resources

Zones

45158 3775 3907 3535 4189

Hydrological key feature indicators
Technical principles

Technical solutions
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3. Main Research Results

ü 1: Global Complete Set of River Network and Hydrological Basic Data Sets

ü 2:  Global Climatic -Ecological Zoning Schemes

ü 3: Restoration and Transplantation of Global Water Production Coefficient

ü 4:  Global Terrestrial Surface Water Resources Evaluation and Evolution 

Characteristics Analysis

ü 5: Adaptive Management Countermeasures in Typical Areas/Regions

28



YanD, WangK, et al., 2019. ScientificData. NatureSub-journal, Q 2, IF=5.929

ÅObtained and released the world's first high-precision data set of Level 1-4 river networks and water resources zones, attracting 

wide international attention

a. Modify the DEM d. The level of different river

c. The level of combined  WRZ

b. The level of lonely WRZ

(https://doi.org/10.6084/m9.figshare.8044184.v6)

The global river networks and corresponding WRZs

É Its data accuracy was 74% higher than the HDMA river network data released by USGS É Cumulative views/downloads reached 10,813 times, about 22 times a day
ε2019.10.22-2021.3.1ζ

ñObtained the global terrestrial water 

resources zoning for the first time"---

Academicians and experts such as Wang 

Hao, Zhang Jianyun, Deng Wei

3. Main Research Results 1 ñThe World's First High -precision Data Set of Level 1 -4 River 

networks and Water Resources Zones 

Scientific Data

The process to build the river network and WRZ
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ü In responseto the lack of global long-serieswaterwithdrawaldatasets,

collectedandrevisedtheglobalpopulationandwaterwithdrawaldata

ü Obtainedglobal populationandwaterwithdrawaldatasetsfrom 1960to

2017:

1) Population: 214countries,1804provincesor regions

2) Waterwithdrawal: 214countries,616provincesor regions

Figshare(https://doi.org/10.6084/m9.figshare.10012559.v1)

Comparison of population data 

3. Main Research Results 1 ñGlobal Population and Water Withdrawal Data Sets

ÅCollected and verified global population and water withdrawal data, improving the data accuracy of World Bank and FAO, etc.

30
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Â Based on the Köppen climate classification and 13 ecological indicators, obtained the global climatic-ecological zoning 

Land use  Vegetation

Topography  Soil characteristics

Various temperature and 

precipitation indicators in the 

northern and southern 

hemispheres

Unsupervised classification + optimization of 
number of categories ʐ229 kinds

3. Main Research Results 2 ñGlobal Climatic -Ecological Zoning 

31



ü 20,568 four-level water resources zones were used as input samples, 8815 were used as verification samples, and 5 methods were

compared and selected. The results showed that the spatial proximity method considering the climatic-ecological zoning had the best

interpolation effect

ü Areas with large water production coefficients were mainly distributed in Southwest China, South Asia, west coast of North America,

Amazon basin of South America and northern Europe
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3. Main Research Results 3 ñRestoration and Transplantation of Global Water 

Production Coefficient

ÅThrough comparison of multiple parameter transplantation methods, selected the spatial proximity method 

considering climatic-ecological zoning
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Å Analyzed the spatial distribution of surface water resources in the global terrestrial Level 4 water

resources zones

ü Level 4 water resources zones with a natural runoff depth of more than 500mm were mostly concentrated in Southeast and Southwest

China, the Amazon basin, the west coast of North America and Indonesia, while the natural runoff depth was less than 50mm in most

areas of Africa, central North America and central Australia

ü The area showing an increasing and decreasing trend accounted for 45.03% and 54.30%, respectively. The amount of surface water

resources near the equator has changed significantly

3. Main Research Results 4 ñGlobal Terrestrial Surface Water Resources Evaluation and 

Evolution Characteristics Analysis

y = 0.0254x + 45.054

R² = 0.0555
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Blue: increasing trend; Red: decreasing trend
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Å At 95% confidence, the surface water resources in North America 

and Africa, and the global surface water resources showed a 

significant downward trend

Å Around 1990, there were significant differences in the changing 

trends of surface water resources; Europe and Oceania showed a 

first decline and then upward trend, while Asia, North America, 

South America and the global surface water resources showed a 

first rise and then downward trend

Significance of the changing trends

Temporal change of surface 

water resources
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3. Main Research Results 4 ñGlobal Terrestrial Surface Water Resources Evaluation and 

Evolution Characteristics Analysis

Â Significant differences seen in the temporal evolution of terrestrial surface water resources across continents in the 

world
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Sources
Asia Africa Europe

North

America

South

America
Oceania Global

km3/year

Lôvovitch,1974 13190.0 4225.0 3110.0 5960.0 10380.0 1965.0
38830.0

*(1)

Korzun,1974 14100.0 4600.0 2970.0 8120.0 12200.0 2510.0 44690.0

Korzun,1978 14410.0 4570.0 3210.0 8200.0 11760.0 2390.0
44490.0

*(2)

Baumgartner,1975 12200.0 3400.0 2800.0 5900.0 11100.0 2400.0
37700.0

*(3)

Gleick,1993 14410.0 4570.0 3210.0 8200.0 11760.0 2388.0
44540.0

*(4)

Shiklomanov,1996,

1997
13508.0 4040.0 2900.0 7770.0 12030.0 2400.0 42650.0

World Resources Institute

2000
13508.0 4040.0 2900.0 7770.0 12030.0 2400.0 42650.0

Shiklomanov,2000/

IHP-IV UNESCO
12510.0 4050.0 2900.0 7890.0 12030.0 2400.0 42780.0

FAO,2003 12461.0 3950.2
6619.4

*(5)
7443.1 12380.0 910.7 43764.3

Thisstudy 13340.1 4266.7 2300.1
6076.2

*(6)
13587.5 1487.2

41057.8

*(7)

Notes: (1) Including Antarctica 2100 

km3/year; (2) Including Antarctica 2310 

km3/year; (3) Including Antarctica 2000 

km3/year; (4) Including Antarctica 2230 

km3/year; (5) FAO included The Russian 

Federation in Europe, and other studies 

separated Russia into two parts: Europe 

and Asia; (6) North America excluded 

Greenland in this study; (7) The global 

total in this study excluded Greenland 

and Antarctica

The global surface water 

resources are about 

41.058 trillion m3

Å The evaluation results of this study are basically consistent with existing international research results on

global and continent scales

3. Main Research Results 4 ñGlobal Terrestrial Surface Water Resources Evaluation and 

Evolution Characteristics Analysis
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3. Main Research Results 4 ñGlobal Terrestrial Surface Water Resources Evaluation and 

Evolution Characteristics Analysis

Â Compared with data from FAO and other international organizations, the findings of this study can better reflect the 

law of fluctuations in water resources

ü Randomly selected 18 countries 

on 6 continents for accuracy 

verification

ü The calculation results of most 

countries were consistent with 

the FAO data

ü The FAO data trend in some 

countries was relatively smooth 

as it was the fitting result based 

on the data of some years

Findings of this study FAO data
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Region Gamma Gumbel Logistic Lognormal Normal Weibull
Optimal

distribution

Asia 136.687 145.293 138.524 136.726 136.774 142.807 Gamma

Africa 80.205 87.179 77.073 81.349 78.786 82.187 Logistic

Europe -65.889 -56.787 -65.465 -65.706 -66.069 -59.739 Normal

North

America
39.616 52.332 40.957 39.494 40.024 49.282 Lognormal

South

America
136.213 140.088 138.694 136.437 135.924 138.574 Normal

Oceania -23.925 14.258 -25.367 -26.131 -18.351 -1.618 Lognormal

Global 212.744 209.85 211.502 213.229 211.857 209.243 Weibull

ü Consistency fitting

ü Inconsistency fitting

Distribution 

fitting diagram

Time-varying 

fitting diagram

Region
Consistency fitting Inconsistency fitting

GD AIC SBC GD AIC SBC

Asia 132.687 136.687 140.773 129.595 137.595 145.768

Africa 73.073 77.073 81.159 29.032 41.031 53.287

Europe -70.069 -66.069 -61.982 -70.075 -64.075 -57.946

North America 35.494 39.494 43.580 7.119 17.120 27.336

South America 131.924 135.924 140.01 109.359 119.360 129.576

Oceania -30.131 -26.131 -22.045 -38.48 -26.481 -14.224

Global 205.243 209.243 213.329 187.292 197.293 207.509

Â Africa, North America, South America, Oceania and the global total surface water resources showed obvious time-

varying characteristics

3. Main Research Results 4 ñGlobal Terrestrial Surface Water Resources Evaluation and 

Evolution Characteristics Analysis
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ü North China, southwest Asia, southern Europe, and parts of the central and

western America have high water resources development and utilization rates

ü In most parts of Europe and parts of North America, the development and

utilization rate of surface water resources shows a downward trend, while that

in parts of North China and Western Asia shows an upward trend

Distribution and changes of surface water resources development and utilizationChanges in the development and utilization 

rate of surface water resources

19.4% 6.5%

11.7% 10.5%

2.1% 1.6%

Total regional 

water withdrawal

Surface water 

resources

Å Development and utilization degree of global water resources

3. Main Research Results 5 ñAdaptive Management Countermeasures in Typical 

Areas/Regions
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