J. Lake Sci. (4176 #+5) , 2024, 36(3): 951-962
DOI 10. 18307/2024. 0346
© 2024 by Journal of Lake Sciences

E TN AFMRER L GRACE #1E 3 M=z EEREXFLL

IR, AR K Fen?, Fw T R 2 ¥ T
(1: PR R T X Al K £ TR Pl A S0 =, 0 712100)

(2 PHALARAMBHE R AR 5 BT A B, # % 712100)

(3 KRR U RRA 5T e B bt R R W5 T, Ikt 100038 )

(4 KRBT BEGT R K TREEOARBETH L, Jb st 100038)

o OE: itk GE R R R R R LA AR UK SR A R B, AR5 L 25 AR AR IX el K A7 B 2 R K 0 D 9 s 45 L
B EEEE S, SR Bl K A et 28 AR S B 43 B B I, BRI T A Hh /N IRE sl X P A I FH o XX — (] R, A
CEF GRACE ) DAFIE2: TURE GRACE-FO Sz i (14 Jifi i /K it &2 28 AL B , 17 S8 R TIBEDL AR MRS, 23 T B 4% o5
DX (IR ) 0 X3k (42 D) 3 Fheas ) e RUBE S BKF GRACE 258 e RUBE 22 0.25°%0.25°, JE 45 & GLDAS BLAVE , 35Tk i
VAl SRR AT B bR KA AR AR | B T R RS AR RS DL R R SO M T K SR TTAG 3 Al RS SR B AR A [
RIE FAPE . 25 SR 3R : BEMLAR MR BB A A Lr b ASTADL B Sl 85 dle ( K TR B S5 P8 B0RT H 8K fif i) 5 GRACE %l
MIGE 56 2, Y0 UF RS s A R E SO 1) ST 40K 56 R BRURMATE 0.6 A5 A, X el i 2 JEL 66 1 SF- 240 90 A 385 3R 22 B o6 R 500D
By B 253 1>0.5 > 0.75 F1<6.6 em, 3 Fjs 8] [ )RR S (0B FUURG B2 357 A2 3 A 23R 52003 — 2021 4F:[], GRACE %%
o A R R | IX A R (380 A0 X S R (4 ) 45 3 A Tk [ i K i 5 B 43 T2 119.5%10° (62,4 10°
121.1x 103 F1 121.8x10% m*/a, #L T 7k fif k75 et 439129y 230.0x10% [171.8x10% 235.6x 10° 1 236.4x10% m*/a, SZ#| T4
AREA DS TR DR, b A A R 8 SR T 2 5 W DX oA R JEL B A5 81 114 /K £ 28 Ak il R 1 AL Uy GRACE 354 S A —
B, LSS A TG A URE , HAMA ST 388 A X S OB XoF b 7K i AR AL IR B — R B . IR R L
i M AR B v SRR e B DR WIS AS SR AT A TR K B IR T R R LA R K B IR 0 A R Aok 4 1k i K
fitt AR AR

KRR AKAHEE L ; GRACE ; BEALAMBLL ST R s h

Comparison of three spatial downscaling concepts of GRACE data using random
forest model

Chu Jiangdong'?, Su Xiaoling'”* , Zhang Te'?, Lei Yisu'?, Jiang Tianliang’*, Wu Haijiang'’ &

Wang Qianyu'

(1: Key Laboratory for Agricultural Soil and Water Engineering in Arid and Semiarid Areas of Ministry of Education, North-
west A & F University, Yangling 712100, P.R.China)

(2: College of Water Resources and Architectural Engineering, Northwest A & F University, Yangling 712100, P.R.China)

(3: China Institute of Water Resources and Hydropower Research, Beijing 100038, P.R.China)

(4. Research Center on Flood and Drought Disaster Reduction of the Ministry of Water Resources, Beijing 100038, P.R.Chi-

na)

Abstract. Terrestrial water storage is a comprehensive manifestation of land water. Analyzing the spatio-temporal changes of terres-
trial water storage is vital for improving the understanding of hydrological processes and water resource management. However, the

low spatial resolution of existing terrestrial water storage anomalies derived from GRACE limits their applications in small and medi-
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um basins. To improve their spatial resolution, the random forest models were utilized to downscale terrestrial water storage anoma-
lies data derived from GRACE satellites and its follow-up mission GRACE-follow on into 0.25°%0.25° spatial resolution at three
spatial scales, including grid cell, regional ( basin) and regional ( China). Groundwater storage anomalies were calculated by com-
bining the vertical water budget and GLDAS model output. The performance of the downscaling data was evaluated based on models’
indicators and in-situ groundwater levels across China. Results show that random forest model can accurately establish the statistical
relationship between input variables ( precipitation, temperature, vegetation condition index, and soil water storage) and GRACE
data. The average correlation coefficient of the grid cell downscaling method during the validation period is generally around 0.6.
The average Nash efficiency coefficient, correlation coefficient and root mean square error of the regional downscaling method are
greater than 0.5, 0.75 and less than 6.6 cm, respectively. Overall, the accuracy of different downscaled data was promising. From
2003 to 2021, the deficit of China’s terrestrial water storage from original, grid cell downscaling-based, regional downscaling-based
(basin) and regional downscaling-based ( China) GRACE data were about 119.5x10% 62.4x10%, 121.1x10% and 121.8x10?
m®/a, respectively. The storage of groundwater storage was approximately 230.0x10®, 171.8x10%, 235.6x10® and 236.4x 10
m®/a, respectively. The simulation accuracy of the grid cell downscaling results is relatively poor due to the small sample size.
Change rates of water storage obtained by the regional downscaling methods were generally consistent with the original GRACE da-
ta, indicating that the regional downscaling methods were better than the grid-cell downscaling method. Compared with the grid-cell
downscaling method, results obtained by the regional downscaling method were smoother in space, and the regional downscaling
(basin) refined to the basin could improve the accuracy of groundwater storage anomalies. Regional downscaling has the advantages
of strong applicability, high simulation accuracy and high computational efficiency than grid cell downscaling. Findings of this study
can provide refined water storage anomalies data for sustainable utilization and water resources planning at basin-scale.

Keywords: Water storage anomalies; GRACE; random forest model; statistical downscaling; China
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Fig.1 Watershed delineation and groundwater level station distribution of the research area
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Fig.3 Spatial distribution of cross-validated mean correlation coefficients using grid cell downscaling
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Tab.1 Performance assessment between two regional downscaling methods for the validation period

i B NSE r RMSE/cm
WKME FHE RME BRKME FHE RME EBKE FHE RME
IR R (4x) 0.674 0.638 0.599 0.823 0.800  0.774  4.935 4.565 4.227
KIRERE TR 0.821 0.777 0.723 0.908  0.881 0.848 2.192 1.957 1.734
(wI) SPARIBE 0.837 0.798 0.751 0.917 0.894 0.866 2.647 2.374 2.121

N Al 0.758  0.612 0384  0.886  0.787  0.640  2.698  2.141 1.628
RT3 0.762  0.642  0.486  0.884  0.804  0.700  6.043  4.854  3.745
FRTN R 0.771 0.650 0.482  0.887 0.811 0.704  4.407 3.416 2.564
HE I i 4k 0.753  0.654 0529  0.872  0.809 0726  4.124 3389  2.691
[y A 0.735 0.648  0.536  0.863  0.806  0.732  7.800  6.589  5.483
P BT 0.641 0.582  0.517  0.804  0.763 0717  3.725  3.341 2.981
PRIT 48R 0.819  0.740  0.634  0.910 0.861  0.794  2.812  2.341 1.912
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Fig.4 Spatial distribution of change rate of terrestrial water storage obtained
from GRACE data and different downscaling results
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Tab.2 Comparison results of change rate of water storage obtained from GRACE data
and different downscaling results in nine basins over China

- it b K At A Ak %/ (em/a) R KA AR AL R/ (em/a)
1 I I v 1 I i} v
4 H -0.12 -0.07 -0.13 -0.13 -0.24 -0.18 -0.25 -0.25
FAIT T 0.06 0.08 -0.02 0.06 -0.34 -0.33 -0.43 -0.34
KA 3 0.38 0.31 0.27 0.38 0.31 0.24 0.19 0.31
IR I 0.45 0.37 0.43 0.44 0.32 0.25 0.32 0.32
TREIAT 3 -1.60 -1.15 -1.24 -1.61 -1.67 -1.24 -1.33 -1.67
RN R -0.67 -0.50 -0.64 -0.67 -0.51 -0.36 -0.50 -0.52
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from GRACE data and different downscaling ideas
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