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Water crisis in the JJJ region
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> GDP 8500 bil. CNY (8.5%)

> Total area 217,000 km? (2.3%)

> Cultivated area 52,000 km? (8.2%)

» Population 85 mil. (7.8%)

> WR availability 20.4 bil. m3 (0.7%)
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Decrease of water
resources availability




))) National water resources assessment programs
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») Key questions to answer

 Why this happened? Where did the water go?

 How is it going to change in the future?
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)) WACM: Water Allocation and Circulation Model

 In-house developed program for coupled Societal — Natural

water cycle simulation
« Societal water cycle: water supply, water diversion, water use,

wastewater discharge
 Natural water cycle: surface water, soil water, groundwater

;Mﬂl-d()’r"r]i;;’ &) L‘f’kl ; ok : ---------------------
i o] I LERANS ABESERENE o T AREH
o { e[ T L : I Ty my g T
- Crmaen @B B\ I _ EAprrrre ;Am:q::“ :
E L r e " &t i : I §f “ o Y ¢. s | i
[ g = (=ITEEETE ‘
KK = = -
o cegenn | s | 253 Mﬁ ! " PR —
| minen a] ‘ e ;M‘
: lMdc# :
[T
TREERGE. WAERG B
SKTETRS SRR e
ST e
1= fr s FRATA
BT EAE | R
glp.0) =1 (ZQLS,>ZQ.\’5]J‘QI1"M I e
ﬁﬁiﬁ&@u e
ﬂbk:..ifz*ﬁ#d

0 =0+ P10y 4 Oy 40, + Oy

> {27k 5IRFEHEIE > SRR XiE-8rT. FE-LES > BAUK: R-TE- M EE—MES



Model development (l)

+ Model domain: Haihe river basin, including the JJJ region

Basic
setup
4+ Resolution
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+ Area: 335,600 km2, mountain 204,700 km?2, Plain 130,900 km?
: 2 x 2km, 83923 grids in total, daily time scale
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Model development (ll)

4+ Rivers and subbasins: 963 rivers in 5 levels, 963 subbasins
Basic

4+ Administrative divisions: 36 cities, 326 counties
setup

+ Irrigation districts: 101 in total
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Model development (lil)

Land
use
and
soil

+ Land use: 1980 - 2018 satellite derived, every 3-5 years

+ Vegetation: NDVI

+ Soil types: fluvo-aquic soil (28.1%) , brown clay (21.3%) ,

brown loam (6.9%)
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Model development (IV)

+ Meteo. data: 289 stations, Thiessen polygon for spatial

Meteo : .
interpolation

and
geo + Groundwater obs. wells: 333 shallow wells, 149 deep wells

data + Geological units: 29 in shallow aquifer, 6 in deep aquifer
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»

Attribution analysis

P2 - P1

> Decrease of precip. 60%
> Mt. Vegetation 18%
» GW pumping 16%
» Change of crops 10%

P2

P3

P3 -P2

»> Mt. vegetation

> Decrease of precip.
» GW pumping

» Change of crops

54%
25%
12%
10%



») Future predictions ()

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

» Climate condition: present, RCP 4.5, RCP 8.5

Scenario . |
> Land use: urbanization |

» Vegetation: Present NDVI, NDVI increased by 10%

analysis
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» Future predictions (ll)

Climate under RCP 4.5
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Groundwater overdraft
and control




Historical change of groundwater table (l)




») Historical change of groundwater table (ll)

» Deep confined aquifer in the central to coastal area
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Overdraft and its impact (l)

Significant environmental consequences: land subsidence, dried up rivers and lake

From water security’s perspective, we lost 45.8 bil. m3 storage space due to compression
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»

Overdraft and its impact (ll)

BAR B ERARKE (m¥/kg)

To produce 1 kg of grain crop:
« irrigation has reduced by 60% (from 1 m3 to 0.4 m3)

* energy consumption has increased over 3 times (0.12 kwh to 0.45 kwh)
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»

Comprehensive groundwater management (l)

National survey baseline year: 2010

A% B K [X THI AR — R X 7 EE R R [X
ITELX (F3 km?) (73 km?) (}7 km?)
By 0. 65 0.31 0. 34
R 0. 94 0.16 0.78
Ak 7.07 4.20 3.78
L 74 0. 63 0.13 0.50

e 0.72 0.22 0. 50
LT 0. 89 0. 84 0.07
H Ak 0. 08 0.03 0. 05

HORIT 0. 04 0. 04 0
i 75 4.98 0. 84 4.55
GpE] 3.82 3.70 0.12
% 7 0. 14 0.13 0. 02
Hk 1. 64 1. 44 0.20
s 4.30 — 4.30

21 provinces with overdraft problem
4 Whole country

Overdraft area: 298,000 km?
Overdraft amount: 17 bil. m3

€ Hebei province
Overdraft area: 70,000 km?2
Overdraft amount: 6 bil. m3
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» Comprehensive groundwater management (ll)

Starting from 2014, the Groundwater Overdraft Management and Control Program

was launched first in Hebei Province.
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2014: 49 counties 2015: 63 counties 2016: 115 counties



» Comprehensive groundwater management (lil)
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» Action Plan for Comprehensive Control of
Groundwater Overdraft in the North China Plain

» Came into force in 2019, was by far the most powerful
legislation regarding the NCP's regional groundwater
crisis.

> Initiated by the Ministry of Water Resources and
brought together a joint force with Ministry of Finance,
National Development and Reform Commission,

Ministry of Agriculture and Rural Affairs.

» The goal is to reduce the overdraft amount by 70% in

2022 and achieve zero groundwater deficit by 2035.



» Comprehensive groundwater management (1V)

2014 to 2016, 24.4 bil. CNY was spent on dealing with overdraft problem in Hebei province
& e

Subsidize
drought
resistant crops

Reduce areas
for growing
winter wheat

Promote water
saving irrigation
technologies

Use more
diverted water
from the south




») Results

From 2017 to 2019, there was still groundwater table decline in and around
the largest depression cone, but the declining rate has notably slowed down
compared to previous years.
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Ensuring water security in
the JJJ region




») Goals for healthy water balance

» To ensure healthy balance in both the natural and societal water cycle:
- natural hydrological flows need to be protected and
* increasing water demand for economic growth has to be satisfied

Criteria for evaluating healthy
water balance

— =

1. Reasonable water demand

2. Sufficient ecological flow

3. Differentiated groundwater regulations




1. Reasonable water demand
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») 2. Sufficient ecological flow

87.4
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» 3. Differentiated groundwater management

Regulations have to be made based on the geological,
hydrological and ecological conditions of the individual region.

1? ; | Piedmont region: continuous baseflow
nf Rkl
N P e W 4
Gros
\ H | /_ Central region: constant gw recharge
G HH [g. Coastal region: reducing land

subsidence and sea water intrusion
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What to do?

TKiftSe, FEE, RREQE, BFRD
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Control demand

(Water saving
technologies)

Balance supply

and demand
(Coordinated water
allocation)

Multi-source water

supply (diverted water
and reclaimed water)



Concluding remarks

JJJ region is facing severe water security problems.

There has been significant decrease of water resources
availability in the region, which was mainly caused by change in
climate and vegetation (afforestation and farm crops).

Groundwater abstraction in the past was unsustainable, which
has resulted in various environmental consequences. New local
and national regulations will help alleviate the problem.

Goals and evaluation criteria for healthy water balance in the
region has been setup. Road map for achieving such goals are
clear. However, new technologies and social awareness are still
needed.



Thank you for
your attention!

zhaoyong@iwhr.com

hex@iwhr.com




