Vol.20 No. 2
Apr. 2022

P AL I 5 K A RE £ Cp e S0

South-to-North Water Transfers and Water Science & Technology

520 % 5 2 ]
2022 4E 4 A

DOI:10.13476/j. cnki. nsbdgk. 2022. 0027

BIGR NI SRR AF. 20052015 AF BRN A B HK i R AR AR LT . R K AL IR SR RIRH (e 30, 2022, 20(2) £ 253-262,
296. LU X J,LEI S G,CAI Z,et al. Changes of land water storage in the Yellow River basin from 2005 to 2015[ ] ]. South-to-
North Water Transfers and Water Science & Technology,2022,20(2) :253-262,296. (in Chinese)

2005—2015 £ F i imiE Ltk iE =T

GHeAR T IR RS AR e 2R, R

(L AP ET KRR I8 T 0 22111652, 5 1L AR S8 2 B8 5 TR oL T35 M 2211165
3. IZRAE RS B M 5 R 25 XA B T AR FE o0« IR 357F 2721005 4. HERS JRIEE F AR R UR ALK S5 o
WS HERIRIEE 01710055, #EMGREES X Jlk & bty , SE T MRS IR 0171005
6. WERR R IR X AR BER A IR H 0, NSl MRS KT 0171005 7. HET L K2 A S H2EBE  VTTI8 #RM 221116)

FEEE : HIESE 2005—2015 4Rl Rl /K i 22 1k B T GRACE RLOS ) 5 b 4 BR R T /) Ak R GEA ! GLL-
DAS $EF 7 Fufi K fifg 82 58 388 2 HE SR AR5 T 2R 5 1R 19 DX 3ol A2 A 18 1 S TORG 5, IR0 AT IR K Lt K 728 sk o
KA BRASAL IR, PIA4E R e E] b B GRACE T3 B8 S 3 i 36 a0 i 3 7E. 20052015 4F fifi s ok fif 5
A EEFA —5. 20 mm/a, 2005—2006 4FE A AEfL IR E] —0. 91 mm/H  KAENL 7—9 H I BB AIRE 725
[ 1 YA P S S A AR ISR T S Ry 5 AR A 5 B R Rt Bt 1 A5 0K R AR A %5 — 1. 95 mm/a, 411
[ 12K = 1S 21 SRS B0 A0 [k b R At s AR AL 3 — 3. 25 mim/a, FEXT A% 5t fi s 7K it B I 388 45 SRR B A 52 W) AN AT
W s PLAD B K 5 0 T K AR A4 IR 3 T I DX e K i AR R B R . AR SRS R R IR =
REMA A B v % G0 i b K A B B O R B

K17 : GRACE; B i3 ; ki MK i 8 5 JE A oK s S5 RI0K &

HESES TV214

XERIRER A FRRE (RERS )RS (OSID)

BRSO R — PRI R Al RS AR T (E R S R T X

B A 5020 DAL e A A 70260 L
BRI A T ROR E TR A E AR R
AL 1) 3 R R M R TR A S 2 T R
JErb A M T A ke BT A Al AR A 1
RIS | AL 2 45 O Wl 29 T IRk 2 2 T
ok (O T AN S € LY N
AR T 5T B TR A Sl K i A A B A T
YRR 2R

Pl s 7 i A A S I B K SO B 2o A o A B
LA R S o AT DA S W S K BT OC R AN
I B A AR AR X SRk SO A B R . T
T 26 68 F 7 W I EORIR 5 GPS LI B L T 5

Wi HHA:2021-03-11 &8 H#A:2021-08-30

TS B A AR R T 25 S N A Ab L,
T8 T Ry R Bl K A W S8 LR
(NASA) Ff# [E 25 [ €47 Hro0 (DLR) B 5 FF & 1Y
GRACE 77 A TR 4 R RUBE W i i b 7K figs
WA ATRENY . YT, R GRACE & 75 T2 iF
U S5k ki K it 2 B O TR R R Li S R
VL 30 i 7K i 1 28 A i A7 3 5845 209 0 38U
AEYE IR A 1A Y 5 KB (0. 71 0.5) em; Tourian
SRR 2 B T b 61 V0 Y B K B AR
b % A 7E L F K M B g A 2Rt AR BF
9 L IR I 3 K A i S U Sl R R R i
SO AT R XA fk K A% B R AT TR TE O

I £& i AR A 1) 2021-11-22

P 2% ARt 41k - https: //kns. cnki. net/kems/detail /13, 1430. TV. 20211119. 1202. 002. html

E ST A /R X AR E M MR S T RE R TH R BT 5335 H (2017006)

YEE BN B HIE (1997, L, PUIEM A, FE R IRSEIEEWFSE . Email: 18281565759@163. com
BEESE FHOWA981—) B uIE RN #8214, EENFET IAEBBENS . Email: lsgang@126. com

K x KE R e 253



#2004 %28 wALELSAMBE(FED 2022 F 4 A

BT T H BB N R . SR BA BF 5T kD X
NZETE S 5E B0 B s A T R S5 R S L Y
Fite A2 fk, Chen %17 145 R4 GRACE 5
GLDAS Al 57 1) 0 5K fiff 1 28 16 BA B — 3L
P AR A7 AR VF 2 A5 50 0R 22, Wi 7 GRACE %L
B Ak A 2 53 Il M K A S A B R 2 —
PRl )

LTI AT T B IR AT S il e A i o s A Ak
i BRI HTRE K 3t T K S N R Ah L b 58 T IR BIT
SR B DX AR A A fil I i AR A 4T

FORE A DTSR 22 0 BR » DT A5 21 SEAS Affy 14 il 3t
KA AR AR

1 HFREXHBLR

B IR E A T S R R AE S 2T
HA o w2 A BRI Ay 75. 2 7 km?,
IRER 3 Ml AR K B A 200~ 650 mm., [ 7K 23 A1
A HATHER . W ARTERAE )z,
DL 1, EEAL R TR BRAb AR R L A AR IR A
=

1 EA A A TR A M K s B 4 A gt o

Fig. 1 Distribution of energy bases in the Yellow River basin
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Fig. 2 Comparison between land water reserves retrieved by GRACE and calculated measured values
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Fig. 3 The change of land water storage in the Yellow River basin from 2005 to 2015 equivalent

water height calculated by GRACE and precipitation interval
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Fig. 4 Change charts of average land water storage calculated by GRACE in the Yellow River basin from 2005 to 2015
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Fig. 5

Change map of land water storage in the Yellow River basin from 2005 to 2015 calculated by GRACE

E6 miEPEiERELREMRRNS (PSR SfERERRELT 2EHHLW)
Fig. 6 The points in the Yellow River basin where the change trend passes the significance test
(The area of the blue dot in the figure indicates that it has passed the significance test)
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Tab. 1 Monthly trend statistics of each grid

slope {i/(cm « A1) VA T. Ak X IR A b/ 6
slope<<—2X1075 Z>1.96 5 Z<<—1. 96 B i A 51.2
—2X10 5 slope<{2X 1073 —1.96<<Z<1. 96 7 15.5
slope>2x107 Z>1.96 5 Z<<—1. 96 HH 5 48 33.3
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Tab. 2 Main coal mining data in the Yellow River basin

| RBERRGTRIONG R
T HOKEEA em R om
2005 86 476. 04 0.78 8.29
2006 92 391. 33 0. 82 —9.81
2007 102 078. 55 0.92 —11.10
2008 117 110. 02 0.92 —1.46
2009 123 917. 89 1. 14 —1.05
2010 151 914. 05 1.39 —9.29
2011 182 543. 08 1.61 —13.10
2012 176 940. 67 1.50 —3.75
2013 212 217.51 1. 80 —13.20
2014 211 091. 67 1.79 —15.20
2015 156 996. 09 1.18 —8.60
Bt 1613 676.90 13. 85 —78.27

Fz3 20052015 FEEHMERFREE
EXRETHER
Tab. 3 The total amount of coal mining and the trend of regional

quality change in major provinces from 2005 to 2015

BOAAK) MR/« KRR/ (mm - a1
1P 84. 70 —4.91
NEh 43. 21 —5.91
Bev 28. 68 —1.27
TH 4.78 —0. 65

7 2005—2015 FEMRBF HIEKEZHE S

Fig. 7 Spatial distribution of annual average precipitation in the Yellow River basin from 2005 to 2015
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Fig. 8 Changes of groundwater reserves in the
Yellow River basin from 2005 to 2015
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Fig. 9 Changes of equivalent water height of groundwater
storage in the Yellow River basin and the change of equivalent
water height of land water storage calculated by GRACE
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Changes of land water storage in the Yellow River basin from 2005 to 2015
LU Xiaojuan"?, LEI Shaogang®®,CAI Zhen*" ,HUA Xia®,LIU Feng' , WANG Weizhong’ , LI Juan®
(1. School of Environment and Surveying and Map ping , China University of Mining and Technology , Xuzhou 221116,
China; 2. Engineering Research Center of Ministry of Education for Mine Ecological Restoration s Xuzhou 221116,China;
3. Shandong Research Center of Coal Mining Subsidence and Goa f Treatment Engineering . Jining,272100,China;
4. Zhungeer National Bureau of Natural Resources and Planning , Zhungeer Banner ,017100,China;
5. Zhungeer Mining Area Development Center , Zhungeer Banner ,017100,China;
6. Environmental Restoration and Treatment Center of Zhungeer Banner Mining Area , Zhungeer Banner ,017100,China;

7. School of Public Administration ,China University of Mining and Technology , Xuzhou 221116 ,China)
Abstract: A large number of major coal energy bases of national energy strategic planning are distributed in the Yellow River ba-
sin, which occupy an important position in China's social and economic development. In recent years, the ecological problems of
the Yellow River basin have gradually attracted the attention of all sectors of society,and its fragile ecological environment has
seriously restricted the social and economic development of the basin. The changes in land water reserves caused by climate
change and human activities are investigated,and the errors caused by coal mining in the calculation process of land water re-
serve changes in the Yellow River basin are investigated.

The GRACE gravity satellite data is processed using MATLAB programming to obtain the surface gravity disturbance
from 2005 to 2015. Since the gravitational change of the surface is basically caused by the change of land water reserves, the
gravitational disturbance is converted to the equivalent water height to express the change of land water reserves and analyze its
temporal and spatial changes. The GLDAS data was used to calculate the change value of surface water reserves . In the process
of treatment, the same filtering method as the GRACE gravity satellite data was adopted,and the change value of land water re-
serves was subtracted from the change value of surface water reserves to the change value of groundwater reserves. The precipi-
tation data was cross-interpolated to obtain the spatial distribution of the average annual precipitation in the Yellow River basin

from 2005 to 2015.
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Thirty-six physical parameterization schemes based on the WRF model are used to establish the ensemble rainfall forecast.
The relative error (Eg) ,critical success index (Ics) ,and the root mean square error (Erys) are used to comprehensively evalu-
ate the rainfall forecast. Meixi distributed hydrological model is constructed based on China flash flood hydrological model
(CNFF-HM). The peak flood discharge error, peak present time error, and Nash efficiency coefficient are used to evaluate the
flood forecast. The coupled meteorological and hydrological system is formed by the WRF model and Meixi distributed hydro-
logical model. The research also uses a statistical model that is developed based on the heteroscedastic extended Logistic algo-
rithm to post-process the rainfall ensemble forecast results.

For rainfall storms caused by Saola typhoon, the Exs based on 36 schemes are between 0. 88% and 21. 00%. In spatial di-
mension, the Icss are between 0. 736 8 and 0. 758 2,and the Eruss are between 0. 133 1 and 0. 221 6. In the time dimension, the
Icss are both 0. 687 5 and the Eruss are between 0. 592 4 and 0. 760 0, respectively. The error of peak flow discharge based on
coupled meteorological and hydrological systems is 11. 3%. With rainfall forecasting post-process, the error of peak flow dis-
charge is 3. 97%. Likewise, for rainfall storms caused by Hagibis typhoon, the Egs based on 36 schemes are between 24. 32%
and 68.51%. In spatial dimension,the Icss are between 0. 347 0 and 0. 487 9,and the Egyss are between 0. 521 6 and 0. 845 1.
In the time dimension,the I¢ss are between 0. 329 2 and 0. 435 6,and the Eruss are between 1. 300 1 and 1. 634 9, respectively.
The error of peak flow discharge based on coupled meteorological and hydrological systems is —86. 89%. With rainfall forecasting
post-process, the error of peak flow discharge is —48. 95%.

Forecasted rainfall in spatial dimension performs better than that in time dimension with different physical parameteriza-
tions schemes. The ensemble rainfall forecast is appropriately used for flood forecast with the coupled meteorological and hydro-
logical system,which can efficiently reduce the forecasting uncertainty. Reasonable post-processing methods should be used to
process the numerical rainfall forecast. For the rainfall with even spatiotemporal distribution, flood forecast with the coupled me-
teorological and hydrological system has certain advantages compared to flood forecast based on observed rainfall. For the rain-
fall with uneven spatiotemporal distribution, the forecast still has room for improvement.

Key words: WRF model; physical parameterization; CNFF-HM; meteorological and hydrological coupling; ensemble forecasting
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The temporal and spatial changes of land water reserves in the Yellow River basin were obtained. The change trend of land
water reserves in the Yellow River basin from 2005 to 2015 was —5. 20 mm/a,and the change trend of land water reserves in
2005-2006 reached —0. 91 mm/month,and only July-September showed a surplus state in each year. In order to significantly re-
flect the spatial change characteristics of the change trend of land water reserves in the Yellow River basin from 2005 to 2015,
combined Theil-Sen median trend analysis and Mann-Kendall test were used and it was found that 51. 2% of the regional terres-
trial water reserves had decreased significantly,33. 3% of the regional terrestrial water reserves had increased significantly,and
the proportion of flat areas was small. The final results showed that the western part of the basin was in a surplus state,and the
eastern part of the basin was in a state of loss. The coal mining data of various provinces and cities in the Yellow River basin
were counted and converted into equivalent water height,and the change trend was —1. 95 mm/a,and the change trend of land
water reserves was —3. 25 mm/a, which was more accurate after deducting the trend. Through correlation analysis, it was ob-
tained that the change of inland water reserves and the precipitation level have a certain degree of correlation (correlation coeffi-
cient 7=0. 33,p<C0. 01). It can be seen that precipitation was one of the reasons affecting the change of land water reserves in
the Yellow River basin, and the precipitation increased sharply in July, August and September every year, resulting in an in-
crease in the runoff of the Yellow River, which was an important reason for the obvious temporal characteristics of the change of
land water reserves in the Yellow River basin.

Through the above calculation and analysis, it was proved that the influence of coal mining on the accuracy of the inversion
result of traditional land water reserves could not be ignored. In addition, precipitation and groundwater changes were important
factors that lead to changes in terrestrial water reserves in the upstream and downstream regions, respectively. The influence of
coal mining volume was comprehensively considered, which helps to improve the accuracy of the traditional inversion method of
land water reserves.

Key words: GRACE; the Yellow River basin;land water storage; coal mining; equivalent water height
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