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Status and dynamics of China’s lake water regulation
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Abstract: Lakes provide humans with many different types of ecosystem goods and services that are necessary to sustain
human livelihoods. In the past several decades, humanity has substantially increased its efforts to produce desired ecosystem
goods from lakes, such as fish, food, and ornaments. However, these efforts have ignored other important ecosystem
services from lakes such as water storage and damage mitigation from floods and droughts because lakes are important in
regulating the hydrological cycle. The major impacts on the water regulation function of lakes are lake reclamation, returning
croplands to lakes, and climate change by impacting the hydrological cycle. Scientific research on measuring the current
status and dynamics of lakes in terms of their water regulation capacities can help improve lake ecosystem management in
China by filling an important scientific blank. Managers want quick but effective evaluation methods to assess the water
regulation capacity of lake ecosystems to clarify the vital role lakes play in supporting human well-being. In this paper, we
try to address this scientific need by first conducting a regression analysis to construct a primary water regulation model that
connects available water storage capacity to lake area, based on data from the book titled “Records for Chinese Lakes”. We
then evaluated the biophysical quantity of water regulation across China’s five lake zones and the temporal changes across

the time-series based on the constructed models using regulation capacity and regulation efficiency indicators. From our
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analysis we had three main findings. First for lakes bigger than 1 km® in area, the water regulation capacity totaled 1500.02
x10° m’. The water regulation capacity of the Eastern Plain and the Tibetan Plateau were the highest among the five lake
zones identified in this paper. The Eastern Plain and the Tibetan Plateau occupied 44.46% and 43.63% of the total capacity
respectively. Second in terms of water regulating efficiency, the Eastern Plain was the highest among all five lake zones with
a regulating efficiency of 310.19%10* m*/km’ followed by the Northeast China Plain and Mountain, which was 191.19x10*
m’/km’. Lake reclamation (opposite efforts return croplands to lakes) would significantly weaken (strengthen) the water
regulation capacity for lakes in these zones. Third in recent decades, the water regulation capacity for China’s lakes
displayed a slight increasing trend of an absolute increase of 9.76x10° m’ and a growth rate of 0.65%. Four lake zones
(Inner Mongolia-Xinjiang was only zone not applicable) showed an increase in water regulation capacity with the largest
absolute increase in the Eastern Plain, and the highest growth rate in the Northeast China Plain and Mountain. This paper
lays the groundwork for creating a quick monitoring and assessment method to evaluate the water regulation capacity of
China’s lakes. Also it is applicable to management by providing a means to assess the influence of land-use change on the
water regulation capacity of lakes to buffer against flood and drought disasters. Lastly, this paper provides a basis for
analyzing the trade-offs among ecosystem goods and services, thus it has real-world implications for managing lake

ecosystems in China.

Key Words: lake; water regulation; ecosystem services; available storage capacity; evaluation model; China
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Table 1 Correlations between available storage capacity and lake area, lake storage, and catchment area
SEIREE- VISP T
WX Correlation coefficients with available storage capacity
Lake zone T T T AR KA IR
Lake area Lake storage Catchment area

ZREHBF I Eastern Plain 0.941*" 0.934 " 0.901 "~

ST Inner Mongolia-Xinjiang 0.903 ** 0.785" 0.814"

ZHER Yunnan-Guizhou Plateau 0.878 " 0.415 0.962**

T R Tibetan Plateau 0.981** 0.976 ** 0.536

ARALF 5 ILIX Northeast China Plain and Mountain 0.863 0.402 0.999 **

 REMIKE R 0.01; ¢ B MK H 0.05

2.2 HNAZKE I RE S PR R AL
FEF AN DRI F T 8 B 7K e R A T o AR
P, BT 1A DA K B R T BB I PPN A
ZRAFJR X . In(Cr)=1.128 In(A) +4.924
(N=55,R*=0.885)
SR IX . In(Cr) = 0.680 In(A) +5.653
(N=8,R*=0.815)
ZHEE X In(Cr)=0.927 In(A) +4.904
(N=7,R*=0.769)
FHiE R  In(Cr)= 0.678 In(A) +6.636
(N=6,R>=0.963)
HACEFE S . In(Cr)= 0.866 In(A) +5.808
(N=5,R*=0.744)
K, Cr Il EKE (7 m) 5 A i i i R
(km?)
AT A AT R 7K T e A T T AR R T e
T DXREL 7 28 36 A TR Ay A4 381, 4 LI 45 i B3 0 7Y

AR K IR BT 0 R SRR LT
2.3 EEBAAKEET R BUR
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WA (A>T km?) AT R E 7K &R 0.01—123.98 12
m’ SE R 0.56 12 m?, BN 1500.02 /2 m?, Hi
BB PH I AT E S K A K, 29 123.98 42 m? i JEE I Yk
2,29 98.46 12 m® , K AL RS> W) h 95.19 /2 m®
F159.12 42 m*, AR 40 400 43, 30 AT &K i
1610 /2 m* LL EASIIA 12 A4, al P8 E K & 2 ol
530.97 /2 m*, 25 4= [ 1Y 35.40% , 3 B4 A AE
ARSI AT 1—10 42 m* Z[RI1IA 235 A, 7T
JAE KB Z AR 550.41 12 m®, 29 5 4 [ A
36.69% , K43 A T g Jat X5 W] i & K i 7E
142 m® LU A £k 2446 4, 5 4 EHIA S50
90. 83% , NI PHE K Z Mk 418.64 12 m’ , 2y 5 4= &
S 27.91% 5 TARIIX (R 2) .
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Table 2 Number of lakes with various water regulation capacities in each lake zone

WX Al JHE KB Available storage capacity /10 m? &t
Lake zone <1 1—10 > 10 Total
A Eastern Plain 579 42 8 629
232 5 Inner Mongolia-Xinjiang 506 14 0 520
Z 35 Yunnan-Guizhou Plateau 61 3 0 64
= i Tibetan Plateau 894 165 3 1062
ZRALFE 5 11X Northeast China Plain and Mountain 406 11 1 418
A3t Total 2446 235 12 2693
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Table 3 Comparison of water regulation capacity for lakes in each lake zone

. CIRGE-¥ & PR 381 T AR AT R K

Wi oo EEA . R
Available storage Available storage capacity per unit

Lake zone . s 3 Percentage/ % i 3 )
capacity/10° m water area /( 10* m°/km~)

ZRFF AL Eastern Plain 666.87 44.46 310.19

ZEHT . Inner Mongolia-Xinjiang 77.57 5.17 60.84

=R E ) Yunnan-Guizhou Plateau 12.10 0.81 97.37

T )i Tibetan Plateau 654.51 43.63 157.33

ZRILFE 5 1L IX Northeast China Plain and Mountain 88.97 5.93 191.19

AT Total 1500.02 100.00 183.50
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Fig.2 Dynamics of lake number, lake area, and available storage capacity in each lake zone
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