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Soil Evaporation Characteristics and Multi-model Simulation
Methods in Young Orchards in Arid Region of Northwest China

Zhang Jingxiao'”  Shang Kaixuan'® Wang Di'*
(1. College of Water Resources and Intelligence Engineering, China Agricultural University, Beijing 100083, China
2. National Field Scientific Observation and Research Station for Efficient Agricultural Water Use in Wuwei Oasis, Wuwei 733009, China)

Abstract; Aiming to clarify soil evaporation dynamics and the applicability of different simulation
methods in young orchards in arid Northwest China, young plum and apricot orchards in the Shiyang
River Basin, Wuwei, Gansu Province, were selected as study sites. Based on multi-source observations,
including soil evaporation, soil water content, soil temperature, soil water potential, meteorological
factors and leaf area index, the variation characteristics of soil evaporation in young orchards were
analyzed. The performance of the simplified FAO — 56 soil evaporation coefficient method, the Ritchie
model, random forest (RF) , extreme gradient boosting ( XGBoost) and light gradient boosting machine
(LightGBM) was then evaluated. The results showed that soil evaporation ranged from 0. 19 mm/d to
7.41 mm/d in the plum orchard and from 0. 06 mm/d to 7. 00 mm/d in the apricot orchard, with mean
values of 2.00 mm/d and 2.03 mm/d, respectively, indicating pronounced daily fluctuations. Soil
evaporation was jointly affected by reference crop evapotranspiration, solar radiation, wind speed, and

shallow soil water conditions. Soil evaporation in the plum orchard was more closely synchronized with
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atmospheric evaporative demand and radiation conditions, whereas that in the apricot orchard was more
closely associated with shallow soil water potential and surface soil water content. All models reproduced
the mean soil evaporation level to some extent, but their ability to capture daily fluctuations and high-
evaporation samples differed markedly. The traditional models had relatively narrow simulation ranges and
tended to underestimate high soil evaporation values. For example, the simulation range of the simplified
FAO — 56 soil evaporation coefficient method in the plum orchard was only 0. 53 ~4. 60 mm/d, with an
RMSE of 0.72 mm/d. In contrast, the XGBoost model showed the strongest ability to represent the
variation range and high-value samples of soil evaporation. In the plum orchard, the simulation range of
XGBoost was 0.24 ~7.35 mm/d, and its R*, NSE, MAE, and RMSE were 0.95, 0.94, 0.25 mm/d,
and 0. 35 mm/d, respectively, with the RMSE reduced by approximately 51.4% compared with the
FAO — 56 method. In the apricot orchard, the simulation range of XGBoost was 0. 11 ~6. 97 mm/d, and
its R*, NSE, MAE, and RMSE were 0.95, 0.93, 0.23 mm/d, and 0.36 mm/d, respectively.
LightGBM and RF showed intermediate accuracy, but both outperformed the FAO — 56 soil evaporation
coefficient method and the Ritchie model. In conclusion, machine learning models integrating multi-
source meteorological and soil hydrothermal information can improve the accuracy of daily soil evaporation
estimation in young orchards, with XGBoost showing the best overall performance. These results can
provide a methodological reference for soil evaporation estimation, evaporation control, soil moisture
conservation, and precision irrigation management in young orchards in arid regions.

Key words: young orchard; soil evaporation; daily-scale simulation factors; Ritchie model; machine

learning
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Fig.4 Daily courses of soil evaporation in plum and apricot orchards simulated by different models

25, MR FIEZE R RS SWC s SWCs_g
HSWCyy 100 FH IR EST 320 0. 39,0, 35 1 0. 27 5 4%
R SR B xsf 107 AH 56 R B30 O 0.43 0,34 F10.39,

AR IR bl 133825 ke S5 R KA SWP, B AH

KAHGER0.54, 1= TZERREE (0. 10) , F B AR
el v J2 - K #4555 32K Rk i [ 20 AR AL B S B I
M Z T2 R EHORE S 7R L w22 [
LR MEAH DG 3 AR A 55, A O 2R B34 (Bl 541K



148 B A VIR A I 2026 4
-1.0 -1.0
PSE | ¢
-0.8 AP|@ ¢ o -0.8
AT| @ ¢
-0.6 RH & aw am A am e en o ae e | o an e 0| e e ~0.6
WS <
_04 SR0@a® &« o —04
= & B o o
--0.2 VPD|© @R 7 ONN ¢ -—0.2
ET,(0 # N @® O XN\
0 LAT Qe L) & -0
SWC,, 4 |® b L) ;,vs "
02 SWCL @ @R @O NBIND & 02
SWCy 10 29 NN N
0.4 SW;PIDJO & 0.4
SWP, N .
06 swe, . N0 0e
STpw| @ N N N
08 S50 ) ) N 08
L0 ST 120 N\ o 0N 10
ASEECS “EE 5
() ZER ] (b) 7 SR Pl
E 5 ZEANES R R T R R R R4 R RGE R T 1A DM

Fig.5 Correlation matrix between soil evaporation and environmental factors in plum and apricot orchards
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Fig.6 Distribution characteristics of soil evaporation simulated by different models in plum and apricot orchards
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Fig.8 Frequency distribution of absolute errors in soil evaporation simulation by different models in plum and apricot orchards
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