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1 Background 

• Climate change 

• Human 

activities 

• Land use 

• Dam construction 

• Water development 

• …… 

Evolution mechanism 

of global terrestrial 

water resources 

Generalized Water 

Resources Evaluation 

and Prediction 

Future trends 

Clarify the situation 

1  Responding 

to global 

climate 

change 

2  Optimizing 

of socio-

economic 

layout 

3    Adjusting 

the eco-

environmental 

protection 

strategy 
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2 Basic data Collection and standardized processing  

Vector Data 
Spatial  

coordinate 
Attribute 

data 

Vector data encoding 
Spatial coordinate 

encoding  
Attribute data 

encoding  

Spatial data visualization 
High performance distributed 
dynamic rendering technology 

Vector data analysis and mining 

Distributed data engine (Vector) 

Data handling 
Proximity 
analysis Spatial overlay 

 
Location Query 

Dataset 
clipping 

Buffer 
analysis 

Overlay 
analysis 

Spatial 
Query 

Topology 
check 

52 hours 1.1 hours 
Traditional 

computing mode 
Distributed 

computing mode 
Generate a large amount of intermediate 

temporary data in the process 

Function chain   Intermediate data 
does not require storage 

CPU 4 core 16 GB memory 8-node: CPU 4 core 16 GB memory 

Ability 

Improved 

≈50 times 

Hydrological dataset 

Population and water intake dataset 

Hydrological 

station verification 

Topology network 

construction 

Catchment area 

generation 

Interpolation 

extension 

literature 
Domestic 

data BoM 

World Bank 

Data collection 

UN Data 

Interpolation 

model 

Spatial 

distribution 

Data 

Verification 

Data from governments and 

administrative departments 

Climate-ecological 

zoning 

General  

interpolation method 
Combination  

method 

Spatial proximity 

method 
Physical  

similarity method 

Regression  

method 

Parameter migration method 

Verification 

Optimum 

Calculation of water 

production 

coefficient reduction 

Parameter  migration 

Regions  

with data 

Global 5-level 

water resource 

zone 

Data-scarce 

Region 

Transplantation 

of water 

production 

coefficient 
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2 Basic data    Global 1-7 river network and 1-7 water resources zoning  

 Technology 

 Level 3-7 water resources zoning 

 Level 1-2 water resources zoning   21a： Asia (2)  into Arctic Ocean (1)  

001  001  001  0001  0001 

Python development program Fortran development program 

River threshold zoning method 
Projection, edge block 

processing, etc 
Upstream and downstream 

topology interpretation 

Small area continuous zone 

coding 
Basin quickly generate 

Main channel generation 

method 

Partial codes for water resource zoning and river network coding programs at levels 1-7 

The tributary 1 and sub zones of 

catchment sub zone 2 are 

example zones 

Encoded 

structure chart 

Zone location code Zone identification number 
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2 Basic data    Global 1-7 river network and 1-7 water resources zoning  

• Level 1：The rivers flow into the same ocean or the same endorheic basin 

(excluding Greenland and Antarctica) 

• Level 2 ：The independent and world-famous large exorheic rivers, the rivers 

that flow into the sea alone in coastal areas or the same endorheic basin 

• Level 3 ：The rivers that flow into the L2 RN with confluence area larger than 

50000 km2 or flow into the ocean alone 

• Level 4：The rivers that flow into the L3 RN with confluence area larger than 

10000 km2 or flow into the ocean alone 

• Level 5：The rivers that flow into the L4 RN with confluence area larger than 

1000 km2 or flow into the ocean alone 

• Level 6：The rivers that flow into the L5 RN with confluence area larger than 

100 km2 or flow into the ocean alone 

• Level 7：The rivers that flow into the L6 RN with confluence area larger than 50 

km2 or flow into the ocean alone 

Level 1~7 

river 

network 

division 

standard 

 Technology 

Africa 

Legend 

Level 3 Level 4 Level 5 

Level 6 Level 7 

Threshold partition classification 

(Grid size 0.01 Km2) 

D8 flow direction 
Exit location 

(Cells imported into NODAT) 

Tracing where the cumulative 

number of confluences is 

relatively large 

Organizational  

coordination group 

Data validation 

group 

Quality control 

group 
Image processing 

group 
Technical 

support group 

Deep learning 
Original 

DEM 

Vector digital 

river network 

Conventional calculations 

such as flow direction and 

cumulative number of 

confluences 

Texture feature 

construction 

Selection of training 

samples and network 

parameter settings 

Network classification 

and accuracy evaluation 

based on DBN 

Correcting DEM 

Stratification of water resource 

zones and river network 

classification synchronization 

Existing problems in 

digital river networks 

Overall rules for 

zoning and grading 

Fixed exit, reverse 
traceability 

Area 
difference 

Catchment 
relationship 

River section 
form 

What level 
of export 

Area control, threshold 
zoning 

Differentiation of trunk and branch, 

independent of interval 

From beginning to end, 
there is a head and a 

tail 

A threshold partition 
classification method based 

on the Chinese Scheme 
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2 Basic data    Global 1-6 river network and 1-7 water resources zoning  

Accuracy comparison 

between rivers obtained by 

our technology and HDMA 
（Red lines：HDMA；Yellow lines：

our technology） 

 Achieved the full, continuous and automatic extraction from the 

origin of the ridge line to the estuary 

 Realized the one-time automatic extraction of the clear hierarchical 

river network 

 Realized the automatic extraction of rivers in the inner flow area 

 Each river/section has a unique code, the topological and hierarchical 

relationship is clear 



 Technology 

Area 

Global 

average 

South 

America 

North 

America 

Europe 

Africa 

Asia 

Oceania 

Global 

average 

This  

study 

Offset 

distance 

Percentage 

reduction in 

deviation distance 

Average value 
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Global terrestrial water resources area of Level 1-2 

2 Basic data    Global 1-6 river network and 1-7 water resources zoning  

 Results 

Asia Europe Oceania South 
America 

North 
America Africa Global Water resources 

zones 

Level 1 

Level 2 

Level 3 

Level 4 

Level 5 

Level 6 

Level 7 

 Realized 7 levels of refined water resources zoning based 

on the Chinese plan 

 Realized the unique code of water resources area with clear 

topological relationship 

 Obtained the boundaries of internal flow zones on all 

continents 

 Obtained the land catchment space range of each ocean on 

all continents 

Legend 

North Asia South Asia North 

America 

South 

America 
Africa Europe Oceania 
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2 Basic data    Global climate-ecology-hydrological zoning  
K

ö
p

p
en

 c
li

m
at

e 
zo

n
e Climate-ecology-hydrology zoning 

considering water production and 

water resources development 
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0

100

200

300

400

500

600

700

800

900

0 10 20 30 40 50

组
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ET
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Af

Am

Aw
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Bs

Cs

Cw

Cf

Ds

Dw

Df

ET

Climate-ecology zoning based on K-

Means unsupervised classification 

 Technology 

Classification function 

Constraint function 



13 climate zones 

Global climate 
zones 

09 

2 Basic data    Global climate-ecology-hydrological zoning  

229 climate-ecology 

zones 

Global climate-ecological zones 

 Results 

2561 climate-ecology-hydrological zones 

Global climate-ecology-hydrological zones 
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3 Water resource simulator Coupling simulation framework 

In
p

u
t d

a
ta

 co
lle

ctio
n

, a
ssim
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tio

n
, a

n
d

 fo
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a
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g
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Land surface-hydrological coupling model 

① 

Energy process② 

   Vegetation dynamics and 
carbon cycling processes③ 

Natural water  
circulation process 

Atmospheric process④ 

Slope runoff process⑤ 

Slope confluence process⑥ 

Soil water movement⑦ 

Groundwater movement⑧ 

River confluence process⑨ 

Land 
development 

A
rtificia

l w
a
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C

a
rb

o
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a
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 e

v
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n

 

Energy parameters Vegetation dynamics 
Vegetation  

type 

S
o

il m
o

istu
re

 

p
a

ra
m

e
te

rs 

D
e

p
th

 o
f 

a
ccu

m
u

la
te

d
 w

a
te

r 

Irrigation 

water 

volume 

 Intake amount 

Replenishment 

amount 

 Intake amount 

Withdrawal 

amount 

Dispatching  

rule 

Le
a

f a
re

a
 

Litte
r 

E
v

a
p

o
tra

n
sp

ira
tio

n
 

Slope 

roughness 

parameters 

Root 

parameters 

River 

roughness 

parameters 
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3 Water resource simulator Factor simulation method 

 Energy process 

Model Input Energy Process Model Output 

Air 
pressure 

Air 

Temperature 

Air 

Humidity 

Ground 

Temperature 

Ground 

Humidity 

Direct 

radiation 

Fugitive 

radiation 

Land 

cover 

Initial 
vegetation 
parameters 

Evapotranspiration 

Artificial  

heat process 

Ground 

 heat process 

Ground latent heat 

Ground sensible heat 

Canopy heat flux 

V
eg

etatio
n
 

ev
ap

o
ratio

n
 

V
eg

etatio
n

 

tran
sp

iratio
n
 

S
o
il 

ev
ap

o
ratio

n
 

p
h

o
to

sy
n

th
etica

lly
 activ

e 

rad
ian

t flu
x
 

Vegetation 

heat sensitivity 

V
eg

eta
tio

n
 

la
ten

t h
ea

t 
G

ro
u

n
d

 h
ea

t flu
x

 

Canopy radiation transfer 

Vegetation absorbs radiation 

Photosynthetically active radiation 

General Formula 

General Formula 

Vegetation-covered area Vegetation free area 

Vegetation-covered area Vegetation free area 

Energy balance Heat diffusion equation 

Artificial heat radiation 

Evaporation 

Eranspire 

Vegetation  

sensible heat 

Vegetation  

latent heat Resistance 

parameters 

Canopy 

parameters 

Temperature update 

Humidity update 

Wind speed update 

Potential 

evapotranspiration 
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3 Water resource simulator Factor simulation method 

 Carbon cycle 

Model Input Vegetation dynamics and carbon cycle process Model Output 

Air 
pressure 

Photosynthetically 

active radiant flux 

Canopy 
temperature 

Canopy 
moisture 

Soil 
temperature 

Soil 
moisture 

parameters 

Vegetation 
type 

Initial 
vegetation 
parameters 

Biomass 

LAI 

Vegetation 
coverage 

Roots 
parameters 

Slope 
roughness 
parameters 

Channel 
roughness 
parameters 

Respiratory 

Photosynthesis 

Material 

distribution and 

circulation 

Reprod 

-uction 

Vegetation 

parameter update 

D
eath

 

D
eco

m

p
o

se 

N
P
P 

Total Growth Maintain 

Assumption 

D
istrib

u
tio

n
 

C
ircu

latio
n
 

Litter Litter 

Leaf biomass Population density 

Material increment 

Renew 

LAI FPC 

Tube model theory 

Leaf root ratio 

Height to canopy ratio 

Leaf 

Stem 

Root 

Ground Litter 

Underground 

Litter 

Background  
death rate 

Heat stress 
 death rate 

Total death rate 

Litter itself 

Soil fast  
carbon pool 

Soil slow 
carbon pool 
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3 Water resource simulator Factor simulation method 

 Water cycle 

Slope runoff process 
Model Input 

Atmospheric 

precipitation 

Evapotran 

-spiration 

Leaf 

area 

Vegetation 

coverage 

Litter 

biomass 

Water circulation process Theoretical equation 

Naturally 

Artificial 

Infiltration-

excess Runoff 

Saturation 

Excess Runoff 

Maximum depression 

storage depth 

Surface runoff 

Litter interception 

Surface filling 

Throughfall 

Canopy 
interception 

M
o

d
el o

u
tp

u
t—
—

S
u

rfa
ce ru

n
o

ff 

Groundwater movement process Model Input 

Hydrogeological 

parameters 

Artificial 

mining 

Recirculation 

volume 

Infiltration 

volume 

Lateral  

recharge volume 

Phreatic 

evaporation 

volume 

 Boussinesq differential equation 

S
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e 

Model Input 

Throughfall 

Slope 

roughness 

coefficient 

Slope 

Slope 

descent 

Hydraulic 

radius 

 Kinematic wave 

equation 

 Variable rainfall intensity 

isochronous method 

 Slope confluence 

dynamics method 

S
lo

p
e ru

n
o
ff p

ro
cess 

M
o
d

el o
u

tp
u

t—
—

S
lo

p
e co

n
v
erg

en
ce  

Model Input 

Slope 

convergence 

amount   

Roughness 

coefficient of 

river channel 

Other hydraulic 

parameters of 

the river 

channel 

Groundwater 

level 

River confluence - infiltration process 

River infiltration 

and runoff volum 

Groundwater 

recharge volum 

 Kinematic wave equation 

 Saint Venant's equation 

R
iv

er co
n

flu
en

ce 
R
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er in

filtra
tio

n
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ter sto
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e u
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d
a

te 

Model Input 

Surface 
runoff 

Initial value of 

soil moisture 

content 

Soil 

Hydrodynamic 

Parameters 

Evaporation 

Soil type 

Technical 
parameters of 

regulation 
measures 

Model Output 

Model Output Soil water movement process 

In
filtra

tio
n

 

In
terflo

w
 

Surface soil 

Middle soil 

Bottom soil 

F
irst k
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d

 

S
eco

n
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T
h
ird
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d
 

A
r
tific
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m
e
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su
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Soil 

moisture 

content 

Infiltration 

capacity 

Interflow 

capacity 

Artificial 

storage 

capacity 



14 

3 Water resource simulator Factor simulation method 

 Litter 

Key Element Mechanism Equation Slope Unit scale Basin scale 

E
n

erg
y

 P
ro

cess 
W

a
ter C

y
cle 

C
a

lib
ra

tio
n

 

S
im

u
la

tio
n

 

stra
teg

ies 

Energy balance 

The blocking effect of litter on shortwave radiation 

Net shortwave radiation absorbed by litter 

Net shortwave radiation reaching the soil surface 

Litter heat flux 

Litter interception formula 

Litter evaporation formula 

Formula for soil evaporation under litter cover 

Surface roughness parameters considering litter 

R
u
n
o

ff 
C

o
n
flu

en
ce 

Through 

litter 

Hydrologic 

station 

Hydrologic 

station 

Calibration period Verification period 

Inflow Outflow 

Outflow Inflow Confined 

Shallow groundwater GR 

Leakage 

Exchange of river water 
and groundwater 

Impermeable layer 
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3 Water resource simulator Factor simulation method 

 Regulation measures on slope 

Modeling Strategy Model Structure 

Mechanism identification 

Modular embedding 

Specification parameters and construction boundaries 

Model characterization of various measures for regulation 

T
y

p
ica

l b
ro

w
n

 in
fra

stru
ctu

re
 

Rainfall 

runoff 

Soil water 

Soil water 
retention and 
conductivity 

Site 
survey 

Space  
configu- 
ration 

Subsoiling 

Straw  
incorporation 

Biochar 

Level 
terrace 

Contour 
ridge 

Porous 
module 

S
p

ecifica
tio

n
 

p
a
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m
eter

s 

C
o
n

stru
ctio

n
 

b
o
u

n
d

a
ry

 

Soil infiltration unit Slope runoff generating  
and converging unit 

Subsoiling Biochar 

Straw  
incorporation 

Multi fiber 
module 

Level terrace 

Contour ridge 

Surface depression 
storage capacity 

Evaporation capacity 

Soil infiltration amount 

Slope runoff 

Field capacity 

Saturated water content 
Saturated hydraulic  

conductivity 

Cultivated layer  
thickness Wilting point 

Field capacity 

Saturated hydraulic  
conductivity 

Saturated water content 

Wilting point 

Field capacity 

Saturated water content 
Saturated hydraulic  

conductivity 

Percentage of  
permeable area 

Soil storage space 

Soil infiltration 

Brown Infrastructure Regulation and 
Storage Process Simulation Module 

Data pre-
processing 

Simulation of 
regulation and 
storage process 

Post processing 
module 

Formatted input Simulation of water cycle 
element processes 

Formatted output 

S
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Model run 

Parameter definition 
initialization 

Basic file input 

Main program 
operation 

Format output 
program 

Result 
verification 

End Run 

Meteorological and 
hydrological data 

Spatial information 
data 

Time scale cycle 

 Circulate  calculation 
per grid 

Radiation module 

Water heat flux 
calculation module 

Water and heat flux of 
artificial facilities 

Groundwater calculation 
module 

Slope confluence  
calculation module 

River confluence  
calculation module 

Sub watershed  
statistics module 

Underlying surface 
classification 

Waters 

Impermeable 
water area 
Bare land - 

Vegetation domain 

Heat flux statistics 

Canopy interception 
calculation 

Surface depression 
storage 

Terraced – furrow 
regulation and storage 

Soil infiltration 
calculation 

Various brown facilities 
regulation and storage 

Evapotranspiration 
calculation 

Impact of waterlogging in 
terraced and furrow 

Slope runoff 
calculation 

Dynamic changes in 
soil moisture 

Boundary of facility 
construction 

Facility specification 
parameters 

Influence coefficient 
matrix 

Modular embedding 

Reservoir 
calculation 

Infiltration  
calculation 

Evaporation  
calculation 

Construction 
boundary 

Construction 
boundary 

Construction 
boundary 

Grid spatial 
information 

Correction 
of depression 

storage 
threshold 

Calculation 
of flow 

storage in 
depressions 

Soil texture 
information 

Influence 
coefficient 

matrix 

Indicator 
correction 

Infiltration 
calculation 

Slope 
ponding 
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 Inflow Confined 

Inflow 
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Outflow Shallow groundwater 

Atmosphere 
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3 Water resource simulator Factor simulation method 

 Regulation measures on slope 

First Class Facility Second Class Facility Third Class Facility 

The key adjustment coefficient is the effect 
value of different environmental conditions 
and facility construction on soil water 
retention and conductivity characteristic 
indicators 

Changing the micro 
geomorphic structure 
and affecting the 
processes of 
depression storage, 
runoff production, 
evaporation, and 
infiltration 

Reduce the proportion of 
impermeable area in the 
construction area 

Increase the effective 
storage space of soil units 
and enhance soil infiltration Subsoiling 

Biochar addition 

Returning straw 
to the field 

Correction of depression storage process 

Terrace construction 

Ridge layout Correction of infiltration 
process 

Correction of runoff 
process Correction of 

evaporation process 

Porous fiber module landfill 

Field capacity 

Saturated  
water content 

Saturated hydraulic 
conductivity 

Wilting point 

Field capacity 

Saturated  
water content 

Saturated hydraulic 
conductivity 

Wilting point 

Field capacity 

Saturated  
water content 

Saturated hydraulic 
conductivity 

Correction of 
impermeable area 

Correction of 
storage space 

Correction of  
soil infiltration 

Theoretical impact of 
module landfill on 

soil infiltration 
Water surface 

evaporation 

Bare ground 

evaporation 

Maximum 

interception depth 

Accumulated 

water surface area 

Maximum 

interception depth 

Calculation of soil infiltration 

capacity in different soil layers 

Water balance 

Runoff yield calculation 

Maximum detention depth 

Accumulated 

water surface area 
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3 Water resource simulator Calibration of typical watersheds 

 Asia--Nujiang River 

Hydrological 

station 
R2 NSE RE (%) 

Jiayuqiao 0.931 0.899 5.549 

Daojieba 0.921 0.892 2.839 

Mae Hong Son 0.987 0.955 2.346 

Legend 
Verify hydrological 

stations 

River Level 1 

River Level 2 

River Level 3 

Basin range 
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3 Water resource simulator Calibration of typical watersheds 

 Europe--Danube 

Hydrological station R2 NSE RE (%) 

PANCEVO 0.898 0.766 4.397 

CEATAL IZMAIL 0.862 0.704 4.097 

Legend 

Verify hydrological 
stations 

River Level 1 

River Level 2 

River Level 3 

Basin range 
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3 Water resource simulator Calibration of typical watersheds 

 Africa--Nile 

Hydrological station R2 NSE RE (%) 

TAMANIAT 0.806 0.645 6.982 

DONGOLA 0.721 0.690 1.112 

ROSEIRES DAM 0.943 0.873 2.820 

Legend 
Verify hydrological 

stations 

River Level 1 

River Level 2 

River Level 3 

Basin range 
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3 Water resource simulator Calibration of typical watersheds 

 North America--Mississippi River 

Hydrological station R2 NSE RE (%) 

HERMANN, MO 0.787 0.615 4.504 

Mississippi River at Keokuk, IA 0.970 0.947 3.846 

Mississippi River at Baton Rouge, LA 0.867 0.653 3.976 

Legend 
Verify hydrological 

stations 
River Level 1 

River Level 2 

River Level 3 

Basin range 
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3 Water resource simulator Calibration of typical watersheds 

 South America--Amazon River 

Hydrological station R2 NSE RE (%) 

CRUZEIRO DO SUL 0.853 0.712 7.13 

SERINGAL DA CARIDADE 0.917 0.749 4.725 

PRAINHA VELHA 0.936 0.817 7.728 

Legend 

Verify hydrological 
stations 

River Level 1 

River Level 2 

River Level 3 

Basin range 
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3 Water resource simulator Calibration of typical watersheds 

 Oceania--Murray-Darling River 

Hydrological station R2 NSE RE (%) 

RUBICON RIVER 0.733 0.654 1.903 

BIG RIVER 0.720 0.695 15.205 

BUFFALO RIVER 0.639 0.524 0.524 

Legend 
Verify hydrological 

stations 
River Level 1 

River Level 2 
River Level 3 
Basin range 
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4 Evolution mechanism    Impact of global changes on water cycle system 

Global carbon balance CO2 in free troposphere   Temperature rise 

 From 2000-2019, the annual average net 

emission is 25.25 Gt/a, with average annual 

growth rate of 0.46 Gt/a 

 Climate change 

Global trend rate of interannual temperature 

changes from 1951 to 2020 

Significance test of global interannual 

temperature changes from 1951 to 2020 
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CO2 Energy Temperature Precipitation 

Terrestrial energy  Precipitation 

Terrestrial energy  Evapotranspiration 

 Climate change 

4 Evolution mechanism    Impact of global changes on water cycle system 

Clustering of atmospheric free tropospheric CO2, net longwave 

radiation, temperature, and precipitation from 2003 to 2016 

The correlation between global precipitation 

and energy changes from 1951 to 2020 

The correlation between global evapotranspiration 

and energy changes from 1951 to 2020 

Significance test of the correlation between global 

evapotranspiration and energy changes from 1951 to 2020 

Significance test of the correlation between global 

precipitation and energy changes from 1951 to 2020 
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Land cover changes 
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 Human activities 

4 Evolution mechanism    Impact of global changes on water cycle system 

Global Land Use in 2000 Global Land Use in 2010 Global Land Use in 2020 

Precipitation and evaporation per unit area  

for different land-use types 

Cropland Woodland Grassland Wetland Water bodies Other 

Precipitation Evaporation 
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 More than 160,000 

reservoirs in the world, 

including 7,320 large-

scale reservoirs 

Hydraulic engineering  Artificial water withdrawal 

 From 1951-2020, the 

global average annual 

water consumption is 

3.39 trillion m³, showing 

an overall increase trend 

4 Evolution mechanism    Impact of global changes on water cycle system 

 Human activities 

Water resource development and utilization rates across continents from 1960 to 2017 

North America Europe   Africa       Asia   South America Oceania 

T
o
ta

l 
st

o
ra

g
e 

ca
p
a
ci

ty
 o

f 
la

rg
e 

re
se

rv
o
ir

s 
(t

ri
ll

io
n
 m

3
) 

R
es

er
v
o
ir

 d
ia

m
et

er
 r

at
io

 (
%

) 

Asia Europe Africa 
North America South America Oceania 

W
at

er
 i
n
ta

k
e 

(t
ri

ll
io

n
 m

3
) 



28 

4 Evolution mechanism    Impact of global changes on water cycle system 

 Climate change & Human activities 

C
o
n

tr
ib

u
ti

o
n
 r

at
e 

Human activities 

Contribution rate of global climate change to changes in 
surface water resources from 1961 to 2020 

Legend 

Site 

River 

Basin 

Continent 

Ocean 

Legend 

Continent 

Basin Boundary 

Ocean 
Impact of climate 
factors 
Impact of human 
activities 

Climate change  
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4 Evolution mechanism    Global water balance and key elements 

 Global water balance 

Years   Precipitation  Evaporation 
Global trends in precipitation and evaporation over the last 70 years Ocean vapor 

10 

Land vapor 

3 

Marine 

precipitation 

403.06 

Total precipitation 

over land 

106.6 

Total 

evapotranspiration 

over land 

106.6 

Unit: trillion cubic meters/ 

10^6  square meters  

 

The land water balance does 

not include Antarctica. 

Net water 

vapor  

flux transport 

36.16 

Ocean 

evaporation 

439.22 

Change rate (trillion m3/yr) 
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 Global terrestrial precipitation: 106.6 trillion m3, 0.13 

trillion m3/a 

 Global terrestrial evapotranspiration: 70.44 trillion m3, 

0.14 trillion m3/a 

-0.11 trillion m3 

+0.34 trillion m3 

4 Evolution mechanism    Global water balance and key elements 

 Land 

Global Land Precipitation and Evaporation Changes from 1951 to 2020 

Annual  

precipitation 

Annual  

evaporation 

Annual average 
precipitation for 10 years 

Annual average  
evaporation for 10 years 
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Changes over the years 



 Precipitation  in every decade from 

1951-2020 

 Ocean precipitation during 1951-2020 

 Global precipitation amount during 

1951-2020 

 Precipitation in Asia and Europe 

 Precipitation in Africa and  North 

America 

 Precipitation in South America and 

Oceania 

Temporal and Spatial Characteristics of Precipitation 

in all Continents 

Indian Ocean Endorheic Region South America Oceania 

Africa North America 

Asia 
Europe 

Atlantic Ocean Pacific Ocean Arctic Ocean 



 Evapotranspiration  in every decade 

from 1951-2020 

 Ocean evapotranspiration during 

1951-2020 

 1951-2020全球蒸发量 

 Evapotranspiration in Asia and 

Europe 

 Evapotranspiration in Africa and  

North America 

 Evapotranspiration in South 

America and Oceania 

Temporal and Spatial Characteristics of evapotranspiration 

in all Continents 

 Global evapotranspiration amount 

during 1951-2020 

Atlantic Ocean Pacific Ocean Arctic Ocean Indian Ocean Endorheic Region 
South America Oceania 

Africa North America 

Asia Europe 



 Surface water amount  in every decade 

from 1951-2020 

 Surface water amount in each 

continent during 1951-2020 

 Global  surface water amount during 

1951-2020 

 Surface water amount in Asia and 

Europe 

 Surface water amount in Africa and  

North America 

 Suface water amount in South 

America and Oceania 

Asia Europe Africa North America South America Oceania Global 

1951-1960 14.08  3.11  5.67  6.67  11.07  1.71  42.32  

1961-1970 14.27  3.20  5.99  7.15  10.88  1.59  43.07  

1971-1980 14.31  3.10  5.60  7.74  11.39  1.57  43.71  

1981-1990 14.61  3.23  6.18  7.77  11.66  1.42  44.87  

1991-2000 15.00  3.21  6.45  7.87  12.00  1.60  46.13  

2001-2010 15.47  2.68  5.51  8.05  11.39  1.75  44.86  

2011-2020 14.48  2.39  5.51  7.66  11.09  1.64  42.77  

Temporal and Spatial Characteristics of surface water amount 

in each Continent 
44.32 trillion m³ 2010s：-2.09 trillion m3 

South America Oceania 

Africa North America 

Asia Europe 
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Ocean 

name 

Average annual 

inflow (trillion m3) 
CV 

Rate of change 

(108 m3/a) 

Change rate in 

recent 10 years

（108 m3/a） 

Annual average 

volume for 2011-

2020 /1951-2000 

Arctic 4.23 9.23% +116 -1482 3% 

Atlantic 21.21 5.32% -24 -546 -7% 

Pacific 10.82 5.81% +91 -1384 -2% 

Indian 5.81 6.24% -14 -546 -4% 

4 Evolution mechanism    Global water balance and key elements 

 Runoff from land to ocean 

42.08 trillion m3 

Changes in global land to sea runoff from 1951 to 2020 

Runoff into the sea 

10-year average runoff into the sea 
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Changes in global land runoff into the Arctic Ocean from 1951 to 2020 

Changes in global land runoff into the Atlantic Ocean from 1951 to 2020 

Changes in global land runoff into the Pacific Ocean from 1951 to 2020 

Changes in global land runoff into the Indian Ocean from 1951 to 2020 
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4 Evolution mechanism    Global water balance and key elements 

 Soil water content 

 In the past 70 years, the global soil water content has shown an 

overall increasing trend 

 While it has decreased significantly in the past 10 years, and the 

soil water content of 40-100 cm has changed the most drastically 
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4 Evolution mechanism    Global water balance and key elements 

 Terrestrial water reserves & Groundwater reserves 

Decade 
Cumulative change in 

terrestrial water reserves  

Cumulative change in 

groundwater reserves  

1950s -9.2 -6.1 

1960s -26.3 -19.3 

1970s -42.3 -31.7 

1980s -60.4 -45.3 

1990s -80.4 -61.2 

2000s -87.6 -65.9 

2010s -90.1 -67.7 

 From 1951 to 2020, the global terrestrial water reserves reduced by 91.45 trillion m³, of which the 

groundwater reserves reduced by 67.88 trillion m³ 

Changes in 
terrestrial water 
storage 
Increase: 39.75% 
Decrease: 60.25% Changes in 

groundwater 
storage 
Increase: 39.5% 
Decrease: 60.5% 

In the past twenty years 
 
Accumulated decrease in terrestrial 
water storage: 3.1 trillions m3 
Accumulated decrease in 
groundwater storage: 7.71 trillions m3 

Global groundwater changes from 2004 to 2020 
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4 Evolution mechanism    Evaluation and prediction 

44.32 trillion m³ 
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Totally decreased by 67.88 trillion m³ 

0~10 cm 10~40 cm 

40~100 cm 100~200 cm 

 0~200 cm 

70.61 trillion m3 

3.23 trillion m3  10.56 trillion m3 

 19.69 trillion m3 37.13 trillion m3 

 Global terrestrial water resources assessment 
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Spatial distribution map of global surface 

water resources from 1951 to 2020 

Global 0-10cm annual average soil water from 1951 to 2020 

Global 40-100cm annual average soil water from 1951 to 2020 Global 100-200cm annual average soil water from 1951 to 2020 

Global 0-200cm annual average soil water from 1951 to 2020 

Global 10-40cm annual average soil water from 1951 to 2020 
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4 Evolution mechanism    Evaluation and prediction 

 Global terrestrial water resources assessment 
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7.2 trillion m3 5.897 trillion m3 
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Global average annual available surface 

water resources from 1951 to 2020 
Global average annual renewable amount of 

surface water resources from 1951 to 2020 
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5 Data quality evaluation Main technical indicators 

 Results and accuracy comparison of terrestrial water resources evaluation 

Comparison of calculated values of surface water 

resources in the world and on all continents with FAO 

Calculation results of surface water resources in China 

Comparison of calculation results and literature of surface water 

resources in the world and on all continents 

R2=0.77 

Nash=0.78 

This study 

Source literature 

This study 

This study 

This study 

This study 

This study 

This study 

This study 

This study 

Liang 

Time Africa Asia South 
America 

North 
America 

Oceania Europe Global 

Year 
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Simulated surface water resources 
《Chinese Water Resources and  
Their Development and Utilization》 data 



40 

5 Data quality evaluation Main technical indicators 

 Results and rationality of terrestrial water resources prediction 

45 trillion m³ • Compared with 

2020, groundwater 

reserves have 

decreased by 19.50, 

45.92, 45.56, and 

82.26 trillion m³,  

respectively. 

• From 2021 to 2098, the average annual soil water 

reserves are 71.45, 71.92, 71.17, and 71.22 trillion m³ 

 Ava ila ble：7.5 trillion m³  R enewable：6.15 trillion m³ 
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 Cumulative changes in global groundwater and terrestrial water storage, 1951-2020 

Estimated global surface water resources 

Scenario SSP585 

Global 0-10cm soil water estimation for 2021-2098 Global 100-200cm soil water estimation for 2021-2098 

Global 0-200cm soil water estimation for 2021-2098 

Global 10-40cm soil water estimation for 2021-2098 

Global 40-100cm soil water estimation for 2021-2098 
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