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Effectiveness of groundwater extraction in Beijing since the ingauration of
the first phase of the South-to-North Water Diversion Project, China
Yuan-yuan Gao1, Qing-yu Sun1, Ai-xin Wen2, Yan-pei Cheng2*

1 Bureau of South to North Water Transfer of Planning, Designing and Management, Ministry of Water Resources, Beijing 100038, China.
2 Institute of Hydrogeology and Environmental Geology, Chinese Academy of Geological Sciences, Shijiazhuang 050061, China.

Abstract: This  study  assess  the  effectiveness  of  groundwater  pressure  extraction  in  Beijing  since  the
opening  of  the  first  phase  of  the  South-to-North  Water  Diversion  Project,  using  survey  and  evaluation
methods. Firstly, an analysis of water consumption structure and the usage of diverted river water in Beijing
in recent years was conducted. Secondly, the volume of groundwater pressure extraction in Beijing after the
project's inauguration was examined, revealing a decrease from 1.96 billion m3 in 2014 to 1.35 billion m3 in
2020.  The  proportion  of  water  supply  reduced  from  52.3% in  2014  to  33.3% in  2020,  leading  to  an
optimized  water  supply  structure.  By  the  end  of  2020,  groundwater  pressure  extraction  in  Beijing  is
estimated at 446 million m3, with a substantial reduction in over-exploitation of groundwater. Groundwater
resources  have  been  effectively  replenished,  and  the  strategic  reserve  capacity  has  been  enhanced.
Furthermore,  this  study evaluates the change in groundwater levels as an indicator of the effectiveness of
pressure extraction. The declining trend of groundwater levels in Beijing has been effectively mitigated, and
there has been a consistent rebound in groundwater levels over the past five years.

Keywords: Beijing  City; South-to-North  Water  Diversion; Groundwater  Over-exploitation; Groundwater
Pressure Extraction
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 Introduction

North  China  is  facing  a  severe  water  shortage,
making  it  the  region  with  the  most  critical  water
challenges  in  China  (Qin  et  al.  2019; Chen  et  al.
2021; Sun et al. 2021; Cao et al. 2023a; Cao et al.
2023b). The region has long relied on over-exploi-
tation  of  groundwater  to  support  rapid  economic
and  social  development,  resulting  in  a  serious
problem of groundwater over-exploitation in North
China,  particularly  in  the  capital  city  of  Beijing

(Cao  et  al.  2020a; Pang  et  al.  2020; Zhao  et  al.
2021; Zhou  et  al.  2023).  In  recent  years,  North
China  has  implemented  a  series  of  initiatives  to
address  groundwater  over-exploitation,  and  some
progress  has  been achieved in  managing the  issue
(Zhao  et  al.  2020).  Given  the  significant  role  of
North  China  in  the  country's  political  and  econ-
omic  landscape,  research  on  the  effectiveness  of
groundwater  pressure  extraction  has  gained  con-
siderable attention among scholars in recent years.
Several  Chinese  scholars  have  conducted  research
on  groundwater  exploitation  in  North  China.  Hao
et  al.  (2012)  established  a  groundwater  model  to
study  groundwater  regulation  and  storage  in  the
alluvial fan of Yongding River in Beijing by anal-
yzing hydrogeological conditions. Xu et al. (2020)
examined the causes of groundwater over-exploita-
tion of in Hebei, assessed the effectiveness of pilot
projects  and  identified  the  characteristics  of  over-
exploitation  in  urban  and  rural  areas,  proposing
ideas and countermeasures for the managing groun-
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dwater  over-exploitation.  Chen  et  al.  (2020)  revi-
ewed  specific  extraction  management  measures
adopted  by  national  initiatives  in  recent  years  and
evaluated  their  current  effectiveness,  while  also
introducing  strategic  countermeasures  and  main
measures  for  managing  groundwater  over-exploi-
tation in North China. Additionally, they analyzed
prominent challenges currently faced in the mana-
gement  of  groundwater  over-exploitation  in  the
region.  Hu  (2017)  conducted  an  analysis  of  water
resources and geology in the Beijing-Tianjin-Hebei
region,  identifying  problems  in  groundwater  reso-
urce  utilization  and  proposing  groundwater  prev-
ention  and  control  policies.  Liu  (2020)  analyzed
the implementation of ecological water recharge in
the South-to-North Water Diversion Central Route
Project  and  its  effectiveness  in  comprehensive  in
comprehensive  management  of  groundwater  over-
extraction in North China.

Internationally,  vander  Hout's  (Hout,  2015)
studied  groundwater  management  practices  in  the
Rotterdam metropolitan area and predicted the risk
of  unintended  impacts  of  groundwater  overdraft
and  unsustainable  groundwater  use.  Adams  et  al.
(2015)  identified  significant  long-term  changes  in
evapotranspiration  near  groundwater  withdrawal
points,  assessing  the  ecological  risk  posed  by
groundwater  withdrawal  to  native  vegetation  on
the Tomago Sandbeds.

In  the  current  study,  there  has  been  a  lack  of
systematic  analyses  on  the  volume  of  pressurized
groundwater  extraction  and  the  corresponding  ch-
anges  in  groundwater  level  in  Beijing  in  recent
years.  However,  it  is  important  to  note  that  the
groundwater level in Beijing has shown significant
rebound,  and the reserves have undergone notable
changes. While groundwater is a valuable resource,
it  can be depleted through over-exploitation.  Nev-
ertheless, its exploitation should not be minimized
without reason, but rather be managed rationally. It
is  crucial  to  establish  a  reasonable  threshold  for
groundwater  level  recovery  in  areas  affected  by
over-extraction. Setting a higher groundwater level
recovery  target  may  lead  to  undesirable  conse-
quences  such  as  soil  salinization  and  adverse
impacts  on  underground  infrastructure  facilities.
Additionally,  a  higher  water  level  recovery  can
trigger  changes  in  the  chemical  composition  of
groundwater due to water-rock interactions, poten-
tially  causing  re-entry  of  heavy  metals  and  other
pollutants  into  the  aquifer,  leading  to  a  decline  in
groundwater  quality.  To  ensure  effective  ground-
water  management  in  the  capital  city,  it  is  neces-
sary  to  conduct  comprehensive  statistical  analyses

of pressurized groundwater extraction volumes and
systematically  study water  level  changes  in  recent
years.  This  information  will  be  vital  in  providing
policy  recommendations  for  the  comprehensive
management  of  groundwater  over-exploitation  in
Beijing and the entire North China region.

 1  Study area

Beijing,  as  a  megacity,  faces  a  severe  water  reso-
urce  shortage  with  a  multi-year  average  precipita-
tion of 585 mm. The city's multi-year average total
water  resources  amount  to  3.74  billion  m3,  inclu-
ding  1.77  billion  m3 of  surface  water  resources,
2.56  billion  m3 of  underground  water  resources,
and the 590 million m3 of double-counting volume
of  surface  water  and  underground  water  (Fig.  1)
(Yang  et  al.  2015;  Yang  et  al. 2017;  Ge  et  al.
2022).  Groundwater  serves  as  the  primary  source
of  urban  water  supply  in  Beijing,  accounting  for
about  50% of  the  city's  water  supply  and  nearly
80% in  some  years  (Li  et  al.  2022; Wang  et  al.
2022). Before the implementation of the South-to-
North  Water  Division  Project,  Beijing's  annual
over-exploitation of groundwater reached approxi-
mately  500  million  m3 to  meet  the  city's  water
supply  demands.  The  groundwater  over-exploita-
tion  in  Beijing  before  the  commissioning  of  the
Central  Route  Project  was  analyzed,  using  data
from  the  base  years  2006  to  2010.  During  this
period, Beijing extracted a total of 2.313 billion m3

of  groundwater,  with  510  million  m3 used  for  ur-
ban life,  231 million m3 for  rural  life,  393 million
m3 for  industry,  and  1.179  billion  m3 for  agricul-
ture.  The  average  annual  over-exploitation  was
around  599  million  m3,  with  an  actual  extraction
coefficient of 1.34. The long-term large-scale exp-
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Fig. 1 Extent of the study area
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loitation of groundwater has resulted in ecological,
environmental  and  geological  issues,  including
continuous  decline  in  groundwater  levels,  aquifer
depletion  in  some  areas,  weakened  storage  capa-
city,  and  a  significant  threat  to  urban  and  rural
water  supply  during  severe  droughts  (Wang  et  al.
2019; Qin,  2021; Du  et  al.  2021).  By  2010,
Beijing's  groundwater  fallout  funnel  covered  an
area  of  1  057  km2,  and  the  thin  aquifers  of  the
quaternary strata were on the verge of depletion or
semi-depletion (Luo et al. 2019; Cao et al. 2020b).
The over-exploitation of  groundwater  has  also led
to ground subsidence, ground collapse and ground
cracks,  posing  serious  hazards  to  urban  infrastru-
cture, regional transportation and communications,
flood  safety  and  agricultural  production  (Si  et  al.
2018; Guo et al. 2021; Zheng et al. 2022).

In December 2014, the first phase of the South-
to-North  Water  Diversion  Project  was  officially
opened,  providing  a  significant  alleviation  to  the
water  scarcity  situation  in  Beijing.  This  project
also  offered  an  important  water  source  to  address
the  long-term  over-exploitation  of  groundwater
pressure  extraction  (Liu,  2020; Liao  et  al.  2021;
Zhang  et  al.  2023).  The  water  diverted  from  the
south  to  the  north  is  primarily  used  to  fulfill  the
growing demand for domestic and industrial water
consumption.  The  surplus  water  is  then  supple-
mented  with  local  surface  water  and  groundwater
to meet the needs of urban life and industry.  Rec-
laimed  water  is  mainly  utilized  for  environmental
purposes,  with  a  small  portion  used  for  municipal
water supply.

 2  Research methods

 2.1 Methodology for assessing pressu-
rized extraction

Groundwater  pressure  extraction  in  Beijing  has
primarily  occurred  in  urban  areas  in  recent  years.
Due  to  the  relatively  standardized  management  of
water  abstraction  permits  in  the  city,  urban  areas
are  mainly  allocated  for  industrial  and  domestic
water use, and their water supply is less affected by
precipitation.  Since  December  2017,  Beijing  has
implemented the water resource fee to tax reform,
leading to higher groundwater  extraction metering
rate  and  easier  access  to  data  on  the  amount  of
groundwater  extraction  and  pressure  extraction.
The assessment of groundwater pressure extraction
is  conducted  based  on  the  difference  between  the
amount  of  groundwater  extracted  in  the  current
year and the previous year.

∆Q = Q1−Q2 (1)

Where: ΔQ represents  the  amount  of  ground-
water  pressure  extraction; Q1 is  the  amount  of
groundwater  extraction  in  the  previous  year;  and
Q2 is  the  amount  of  groundwater  extraction in  the
current year.

In  specific  calculations,  the  amount  of  ground-
water  pressure  extraction  is  further  evaluated  in
relation to the amount of new surface water supply
and  the  amount  of  water  withdrawn  from  capped
wells.  Generally,  the  amount  of  groundwater  pre-
ssure  extraction  is  expected  to  be  less  than  the
amount of new surface water use, considering fac-
tors  such  as  new  water  demand  and  pipeline  lea-
kage.  If  the  amount  of  groundwater  suppression
exceeds  the  amount  of  new  surface  water  use,
further assessment is carried out considering econ-
omic situation, the level of water use by industrial
enterprises, and large-scale industrial restructuring.
The amount of groundwater extracted from sealed
wells in recent years is also used as a reference for
verifying  the  amount  of  groundwater  pressure
extraction. This is calculated by examining the an-
nual sealed well records, water abstraction permits,
electricity consumption, payments of water fee and
other  relevant  information.  The  average  annual
amount of groundwater extracted from each sealed
well  in  the  past  2–3 years  is  determined to  obtain
the  average  annual  volume  of  groundwater  extra-
cted from the sealed wells. The calculated amount
of  groundwater  extraction  obtained  through  the
above  methods  is  further  reviewed  for  reasonab-
leness in conjunction with precipitation and ground-
water levels.

 2.2 Methods  for  analyzing  water  level
changes

Groundwater  level  changes  provide  a  direct  in-
dication  of  the  annual  variations  in  groundwater
extraction  and  replenishment,  serving  as  a  key
indicator to assess the effectiveness of groundwater
pressure extraction. In this study, analysis of water
level  changes  involves  the  selection  of  ground-
water  monitoring  wells  for  assessment,  guided  by
principles  of  uniform  distribution  and  reasonable
density. Based on the end-of-year water level data
from Beijing's groundwater level monitoring wells
from past  years,  this  study examines annual  water
level  variations,  including  changes  from  the  cur-
rent  water  level  to  the  initial  period  of  water  sup-
ply. The calculation of groundwater levels employs
both the arithmetic average method for monitoring
wells and the area-weighted average method. Utili-
zing  dynamic  groundwater  level  monitoring  data,
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the study generates annual distribution maps illus-
trating  changes  in  groundwater  level,  which  deli-
neate regions of groundwater level rebound, stabi-
lization and decline. The percentage of each area is
computed,  revealing  the  proportion  of  rebound,
stabilization  and  decline  zones.  The  process  invo-
lves  several  specific  steps:  Calculating  ground-
water  level  alterations  for  each  monitoring  well,
and subsequently employing the Kriging interpola-
tion  method  to  visualize  the  distribution  of  grou-
ndwater level fluctuations.

 3  Results and discussion

 3.1 Analysis  of  changes  in  the  struc-
ture of water supply in Beijing

 3.1.1    Allocation  and  utilization  of  water  from  the

central  route  of  South-North  Water  Diversion  Pro-

ject

The South-to-North Water Diversion Project com-
prises the east, central and west routes, connecting
four  major  rivers,  i.e.  the  Yangtze  River,  Yellow
River,  Huaihe  River  and  Haihe  River.  This  forms
China's  comprehensive  water  resources  allocation
pattern,  known  as  the  "four  horizontal  and  three
vertical" scheme (Su et al. 2022). The central route
draws  water  from  Danjiangkou  Reservoir  in  the
middle  reaches  of  the  Yangtze  River,  travering
Henan  Province,  Hebei  Province,  Beijing  Muni-
cipality  and  Tianjin  Municipality,  to  supply  water
for  domestic,  industrial,  ecological,  and  agricu-
ltural  use to 19 large and medium-sized cities and
100  counties  (or  county-level  cities)  within  these
regions, covering a total distance of 1 432 km (Liu
et  al.  2023).  The  first  phase  of  the  Central  Route
Project is designed to transfer a total of 9.5 billion
m3 of  water  annually  (from  the  head  of  Taoqiao
canal).  From  this  transferred  water,  Beijing  recei-
ves a gross water supply (from the head of Taoqiao
canal)  of  1.24  billion  m3,  and  net  water  supply  of
1.05 billion m3 from the mainline diversion gates.

The  initial  phase  of  the  Central  Route  Project
began  delivering  water  in  December  2014,  main-
taining  surface  water  quality  at  Class  II  over  the
past years. Beijing's water utilization strategy emp-
hasizes water conservation follows the principle of
"Drinking, Storing and Replenishing". The amount
of  South-North  Water  Diversion  water  utilized
annually is shown in Fig. 2. For instance, in 2020–
2021,  840  million  m3 of  water  was  supplied  to
water treatment plants for "Drinking", constituting
64% of the incoming water volume (Fig. 3). About
0.5  billion  m3 of  water  was  directed  to  reservoirs

such  as  Miyun  and  Huairou  for  water  storage,
making  up  4% of  the  inflow volume.  To  enhance
water  source,  river  and  lake  ecological  environ-
ments,  "Replenishing"  involved  426  million  m3

(173 million m3 for  water sources,  171 million m3

for river and lake ecological environments, and 82
million m3 for  Yongding River  ecological  restora-
tion),  comprising  32% of  inflow  volume.  More
than  60% of  the  water  diverted  from  the  south  to
the north is allocated for urban tap water supply in
Beijing. In fact, and the South-to-North transferred
water  accounts  for  over  70% of  the  city's  daily
water demand, benefiting around 13 million urban
residents. Consequently, the city's per capita water
resources  have  increased  from  100  m3 to  150  m3,
while  the safety coefficient  of  water  supply in the
central city (daily water supply capacity of the city/
highest  daily water  demand) has risen from 1.0 to
1.2.  Notably,  the  water  storage  capacity  of  Mi-
yun Reservoir has exceeded 3.5 billion m3, making
a  significant  boost  in  Beijing's  water  resources
reserve.
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Fig. 2 Utilization of  South-to-North water  transfer  in
Beijing  since  the  opening  of  the  first  phase  of  the
South-to-North Water Transfer Project
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Fig. 3 Consumption  of  water  from  the  first  phase  of
the  South-to-North  Water  Diversion  Project  in
Beijing in 2020–2021
 

 3.1.2    Analysis  of  the  structure  of  water  supply  in

recent years
The structure  of  water  supply  in  Beijing was  ana-
lyzed  from  1986–2020  (Fig.  4).  During  recent
years,  Beijing's  total  water  consumption  has  re-
mained relatively stable  at  around 4 billion m3.  In
terms  of  water  supply  sources,  prior  to  the  opera-
tion of the first phase of the Central Route Project,
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groundwater contributed over 2 billion m3 of water
supply,  reaching  its  peak  at  2.764  billion  m3 in
1994.  Regarding  water  supply  structure,  ground-
water accounted for a substantial share of 77.6% in
2004.  However,  this  proportion  has  steadily  dec-
lined since 2014, dropping from 52.3% in 2014 to
33.3% in  2020.  This  shift  indicates  that  the  op-
timization  of  Beijing's  water  supply  structure  has
been  facilitated  by  the  inauguration  of  the  first
phase  of  Central  Route  Project,  which  has  led  to
improved water resources allocation and enhanced
water security capacity.
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Fig. 4 Water supply in Beijing (1986–2020)
 

Water  usage  in  Beijing  across  various  industry
from  1986  has  been  analyzed  (Fig.  5).  Ground-
water  in  Beijing  is  mainly  used  for  domestic  and
industrial  water  needs  as  well  as  agricultural  irri-
gation.  The  proportion  of  groundwater  allocated
for domestic and industrial purposes relative to the
total  groundwater  supply  has  shown  an  upward
trend in recent years, ascending from 60% in 2015
to  70% in  2019.  Conversely,  the  percentage  of
groundwater  allocated for  irrigated agriculture has
exhibited  a  decline  during  this  period,  dropping
from 35% in 2015 to 24% in 2019. This dual shift
reflects the recent restructuring of Beijing's  indus-
trial landscape, incorporating more efficient water-
saving practices  in  agriculture,  such as  employing
high-efficiency  irrigation  methods  and  cultivating
crops with low-water-consumption. Furthermore, it
also indicates that with the initiation of the South-
to-North  Water  Diversion  Project,  groundwater
previously used by industrial and domestic sectors
has  gradually  been  reallocated  for  agricultural

irrigation,  consequently  reducing  the  groundwater
exploitation by the agricultural sector.

 3.2 Groundwater pressure extraction

Groundwater  extraction  data  has  been  primarily
sourced from the Beijing Water Resources Bulletin
and the Beijing Water Statistics Yearbook (Fig. 6).
Based  on  calculation,  by  the  end  of  2020,  the
cumulative  volume  of  groundwater  suppression
and  extraction  within  Beijing's  water  receiving
region  has  reached  446  million  m3.  Cumulatively,
it  has  completed  the  replacement  of  1  204  self-
supplied wells in various units (districts), the tran-
sformation  of  the  internal  water  supply  pipe  net-
works  in  1  251  old  districts,  and  has  sealed  and
filled 7 791 extraction wells.
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Fig. 6 Statistics  on  annual  groundwater  pressure
extraction in Beijing since 2015
 

In  2015,  there  was  a  notable  reduction  in
groundwater  extraction  in  Beijing,  totaling  1.819
billion m3. This marked a decline of 137 million m3

from  1.956  billion  m3 in  2014.  This  reduction
included 0.89 billion m3 in domestic and industrial
sectors,  0.45  billion  m3 in  agriculture,  and  0.03
billion  m3 for  environmental  purposes.  Regional
groundwater levels displayed modest change, with
groundwater  depth in  the  plains  remaining largely
consistent as in 2014.

In  2016,  1.748  billion  m3 of  groundwater  were
extracted in  Beijing,  reflecting an annual  decrease
of 0.71 billion m3.  This comprised 0.43 billion m3

in  domestic  and  industrial  sectors,  0.41  billion  m3

in  agriculture,  and  a  0.13  billion  m3 increase  for
environmental  water  use.  Groundwater  levels  in
the  Plains  ceased  declining  and  began  to  rise  in
2016,  with  the  annual  decline  in  groundwater
levels  slowing  from  1.14  m  in  2014  to  0.09  m  in
2015. By the end of 2016, groundwater levels had
rebounded by 0.52 m per year.

In  2017,  the  extraction  volume  reached  1.661
billion  m3 in  Beijing  Municipality,  marking  a
reduction of 0.87 billion m3 per year. Groundwater
level in the Plain District rebounded by 0.26 m per
year.
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Fig. 5 Groundwater utilization by sector since 2015
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In  2018,  Beijing's  groundwater  extraction  amo-
unted  to  1.619  billion  m3,  showing  an  annual  re-
duction  of  0.42  billion  m3.  Groundwater  level  in
the Plain District rebounded by 1.94 m per year.

In  2019,  groundwater  extraction  volume  in
Beijing  was  1.547  billion  m3,  reflecting  a  decline
of 0.72 billion m3 per year. This reduction included
0.13  billion  m3 in  domestic  and  industrial  sectors,
0.39  billion  m3 in  agriculture,  and  0.20  billion  m3

for environmental water use. Groundwater level in
the plains area rebounded by 0.32 m yearly.

In  2020,  the  amount  of  groundwater  extraction
in Beijing decreased by 0.37 billion m3.

 3.3 Analysis  of  groundwater  levels  ch-
anges  since  water  supply  commen-
cement

Groundwater  level  monitoring  data  from 114 gro-
undwater  monitoring  wells  within  Beijing's  plain

area has been collected since 2014 for the purpose
of analyzing water level fluctuation.

The geographical distribution of these 114 moni-
toring  wells  is  shown  in Fig.  7,  illustrating  that  a
greater concentration of monitoring wells is found
in  the  urban  vicinity,  while  they  are  more  evenly
distributed  in  the  agricultural  lands. Table  1 pro-
vides  an  overview  of  groundwater  level  changes
within monitoring wells. Additionally, a month-by-
month  buried  depth  data  changes  for  monitoring
wells  from  January  2013  to  December  2019  is
plotted  based  on  water  level  data,  as  detailed  be-
low.

Since  the  commencement  of  the  first  phase  of
the  South-to-North  Water  Diversion  Center  River
water  into  Beijing  in  late  2014,  the  long-standing
trend  of  declining  groundwater  levels  over  the
years  has  been  effectively  halted.  This  effect  is
particularly  prominent  from 2016  onwards,  where
groundwater  levels  have  consecutively  risen  for
five  years.  Specifically,  the  groundwater  levels  in
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Fig. 7 Distribution of monitoring wells in the Beijing Plain

Table 1 Changes in groundwater levels in 114 monitoring wells in the Beijing plain area

Number of water level change
monitoring points

Annual end-of-December water level
2015 minus
2014

2016 minus
2015

2017 minus
2016

2018 minus
2017

2019 minus
2018

2020 minus
2019

2020 minus
2014

Rising water level 31 50 38 42 45 47 79
Water level stabilization 40 47 49 53 29 42 17
Water level drop 43 17 27 19 40 25 18
Average water level/m Decrease of

0.12
Increase of

0.52
Increase of

0.26
Increase of

1.94
Increase of

0.32
Increase of

0.68
Increase of

3.72
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the  Plains  region  have  exhibited  annual  rebounds
of  0.52  m,  0.26  m,  1.94  m,  0.32  m,  and  0.68  m
from  2016  to  2021,  respectively.  At  the  end  of
2020,  the  average  groundwater  level  in  the  city's
plains  was  22.03  m,  signifying  a  rebound  of  0.68
m compared to the previous year, and a cumulative
rebound of  up  to  3.72  m compared  to  the  equiva-
lent  period  in  2015.  This  rebound is  accompanied
by a substantial reduction of 2 479 km2 in the area
of  groundwater  over-exploitation  zone,  coupled

with  an  expansion  of  the  groundwater  extraction
and  replenishment  balance  zone  from  287  km2 in
2015  to  2  766  km2,  marking  an  augmentation  of
8.6 times.

The variation in  groundwater  depth from Dece-
mber  2015  to  2020,  both  compared  to  the  same
period in the previous year and December 2020 in
comparison  to  December  2014  are  depicted  in
Fig.s 8-13. Compared with December 2014, at the
end  of  December  2015,  a  decline  in  groundwater
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Fig. 8 Variation of groundwater level depth from 2015 to 2014
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Fig. 9 Variation of groundwater level depth from 2016 to 2015
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levels was observed across various areas, including
Tongzhou, the junction of Pinggu, Miyun and Hua-
irou,  the  vicinity  around  the  Shijingshan-Haidian-
Chaoyang-Changping  junction,  the  southeastern
section of Fangshan, the eastern part of Changping,
the western part of Shunyi, the southern part of Da-
xing,  and the northern part  of  Miyun.  Conversely,
other regions maintained stable groundwater levels
during  this  period.  When  compared  to  December
2015,  the  regions  experiencing  a  rise  in  water
levels  at  the  end  of  December  2016  was  mostly

distributed in the western half of the Plains area. In
comparison of  December 2016,  the distribution of
water level rise zones in 2017 was similar to that of
2016,  but  with  a  reduction  in  water  levels  in  the
Fannin District. As opposed to December 2017, the
majority  of  the  areas  displaying  an  increase  in
water  levels  at  the  end  of  December  2018  were
located  in  the  northern  part  of  the  plains  area.
Some  areas  within  the  central  part  of  Tongzhou
and  Daxing  also  exhibited  rising  water  levels,
while  other  areas  either  maintained  stability  or
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Fig. 10 Variation of groundwater level depth from 2017 to 2016
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Fig. 11 Variation of groundwater level depth from 2018 to 2017
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experienced  declining  water  levels.  In  contrast  to
December  2018,  most  of  the  areas  with  rising
water levels in December 2019 were located in the
northern part of the Plains District. Additionally, a
significant portion of the southern Daxing District
also  experienced  water  level  increases.  Finally,  a
similar  pattern  was  observed  when  comparing
December  2019  to  December  2020,  where  the
majority  of  the  areas  displaying  a  rise  in  water

levels  were  located  in  the  western  section  of  the
Plains. Comparing water levels between December
2014 and December 2020, a general trend of water
level  rebound  was  evident  across  most  regions
within  the  Beijing  plains,  while  certain  areas,
including  Fangshan,  Tongzhou,  Shunyi  and  the
southern part of the Pinggu, experienced a decline
in water levels.

The  distribution  of  Beijing's  shallow  ground-
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Fig. 12 Variation of groundwater level depth from 2019 to 2018
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Fig. 13 Variation of groundwater level depth from 2020 to 2019
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water  across  various  depth  intervals  was  analyzed
from  2014  to  2020  (Table  2).  The  results  show  a
gradual shift  in the distribution pattern during this
period.  Specifically,  the  proportion  of  the  area
occupied by depth intervals  ranging from 10 m to
30 m gradually increased from 49.15% to 71.95%,
and the proportion of the area with depth intervals
greater  than  30  m  experienced  a  decline,  decrea-
sing from 37.23% to 15.47%.

 3.4 Analysis  on  causes  of  water  level
changes

The annual  reduction in  groundwater  extraction is
a key factor contributing to the continued rebound
of  groundwater  levels  in  the  Beijing  Plain  from
2015 to 2020. Since 1999, most years experienced
precipitation  levels  below  the  long-term  average.
During  this  period,  the  economy  and  society  are

were  undergoing  rapid  development.  To  address
the  growing  imbalance  between  water  resource
availability  and  demand,  there  was  a  necessity  to
resort to excessive groundwater extraction to meet
the increasing water needs of various sections such
as industry, agriculture and domestic use within the
city.  From  1999  to  2007,  Beijing  experienced  a
drastic decline in groundwater levels. The depth of
groundwater  increased  from  11.88  m  at  the  be-
ginning  of  1999  to  22.8  m  by  the  end  of  2007,
marking  a  cumulative  decline  of  10.92  m  and  an
average  annual  decline  of  1.36  m.  From  2008  to
2014,  the  rate  of  decline  in  groundwater  levels
moderated, and the depth of groundwater increased
from 22.79 m in early 2008 to 24.81 m by the end
of 2014 when Ji water entered Beijing in 2008. In
2015–2020,  groundwater  level  was  stabilized  and
rebounding.  The  inauguration  of  the  South-to-
North Water Diversion Project in late 2014 played
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Fig. 14 Variation of groundwater level depth from 2020 to 2014

Table 2 Statistics on the proportion of shallow groundwater with different depth intervals in Beijing from 2014
to 2020 / %

Timing
Depth of burial
≤10 m

Depth of burial
10–20 m

Depth of burial
20–30 m

Depth of burial
30–40 m

Depth of burial
40–50 m

Depth of burial
> 50 m

December 2014 13.62 27.73 21.42 32.00 4.39 0.85
December 2015 13.17 28.51 20.86 31.80 4.69 0.97
December 2016 14.66 28.45 22.08 29.22 4.62 0.98
December 2017 14.06 29.94 24.58 26.62 4.04 0.76
December 2018 14.07 30.80 32.40 20.35 2.21 0.17
December 2019 11.80 34.59 35.82 15.50 2.00 0.29
December 2020 12.58 36.30 35.65 13.95 1.43 0.08
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a  significant  role  in  mitigating  the  water  resource
supply-demand  imbalance.  It  increased  ecological
water replenishment, and contributed to the stabili-
zation  and  rebound  of  groundwater  levels.  Addi-
tionally,  the  city  also  experienced  higher-than-
average  precipitation  for  three  consecutive  years
from  2016  to  2018,  which  further  facilitated  the
upward trend in groundwater levels.

Precipitation  is  an  important  influencing  factor
for groundwater level fluctuation (Fig. 15). By com-
paring  and  analyzing  variations  in  groundwater
depth  and  the  contour  map  of  precipitation  in
Beijing, a strong correlation in their distribution is
evident,  indicating  the  statistical  characteristics  of
precipitation  and  underground  water  resources
from 2014 to 2020. During 2014 and 2015, ground-
water  resources  were  insufficient  to  meet  the  de-
mand,  resulting  in  a  negative  equilibrium  that  led
to a decline in groundwater levels. However, from
2016 to 2020, the available groundwater resources
exceeded  the  demand  the  groundwater  supplies,
leading to  a  rebound in  groundwater  levels.  Com-
paring  the  amount  of  available  groundwater  re-
sources  to  the  amount  of  groundwater  supplied
provides a general indication of groundwater equi-
librium.  In  the  years  2015,  2017,  and  2018,  the
recorded precipitation was 583 mm, 592 mm, and
590  mm,  respectively.  In  December  2015,  the
average water level decreased by 0.12 m compared
to December 2014, However, there was a rebound
in  the  average  water  level  by  0.25  m in  2017 and
by  1.52  m  in  2018,  respectively.  The  underlying
reason  for  the  different  changes  in  groundwater
levels  under  similar  precipitation  conditions  was
the  gradual  reduction  in  groundwater  extraction
over the years.

 3.5 Impact  of  South-North  Water  Sup-
ply on groundwater levels

The  amount  of  water  supplied  by  the  South-to-
North Water Diversion accounts for about 20% of

Beijing's  total  water  supply,  making  it  a  crucial
component  of  the  city's  water  resources.  This
supply  plays  a  vital  role  in  either  mitigating  the
decline in groundwater levels  or  accelerating their
recovery. Based on the data related to groundwater
level  change  and  groundwater  storage  change  in
the  groundwater  dynamic  briefing,  it  can  be  cal-
culated  that,  over  the  period  of  2015  to  2020,  the
water supply from the South-to-North Water Dive-
rsion  could  prevent  groundwater  levels  from  dec-
reasing  by  1.49  m,  1.65  m,  1.72  m,  1.82,  1.59  m,
and  1.30  m,  respectively,  if  it  were  supplied  by
groundwater  exploitation.  A specific  yield  to  0.08
can be estimated in the Beijing plain area based on
the  above  numbers  given  an  area  of  6  032  km2.
Moreover,  the  aforementioned  pressurized  extrac-
tion  volumes  for  the  years  from  2014  to  2020
could  raise  groundwater  levels  by  0.732  m,  1.024
m, 1.171 m, 1.351 m, 1.436 m, 1.602 m, and 1.996
m,  respectively.  This  signifies  a  noticeable  reco-
very  of  groundwater  levels  and  underscores  the
positive effect of pressurized extraction practices.

 4  Conclusions

This  study  analyzes  the  effectiveness  of  ground-
water  pressure extraction in  Beijing since the first
phase of the South-to-North Water Diversion Pro-
ject by means of investigation and assessment me-
thods,  and  the  study  obtains  the  following  conc-
lusions:

(1) Since the inauguration of the initial phase of
the  South-to-North  Water  Diversion  Project,  the
per  capita  water  resources  in  Beijing  have  incr-
eased  from  100  m3 to  150  m3.  The  proportion  of
groundwater  supply  has  exhibited  a  continuous
decline,  from  52.3% in  2014  to  33.3% in  2020.
This  transformation  in  water  supply  structure  in-
dicated  an  optimization  that  has  significantly  en-
hanced the allocation of water resources and effec-
tively  improved  water  security.  By  the  end  of
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Fig. 15 Changes in groundwater depth and precipitation in the plain area of Beijing from 2014 to 2020
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2020,  the  cumulative  volume  of  suppressed  and
extracted  groundwater  will  have  reached  446
million m3.

(2)  The water  supply has  effectively curbed the
trend of continuous decline of groundwater level in
Beijing.  At  the  end  of  2020,  the  average  ground-
water level in the city's plains was 22.03 m, with a
cumulative rebound of up to 3.72 m compared with
the same period in 2015. Additionally,  the area of
groundwater  over-exploitation  zone  was  signifi-
cantly reduced by 2 479 km2.

(3)  The  fundamental  reason  for  the  sustained
rebound of groundwater levels in the Beijing Plain
Area  from  2015  to  2020  can  be  attributed  to  the
reduction  in  the  amount  of  groundwater  supply.
The  South-North  Water  Diversion  contributes
around 20% of the total water supply, which plays
an  indispensable  role  in  slowing  down the  rate  of
groundwater level decline.
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