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Abstract

Reference crop evapotranspiration not only plays an important role in water cycle and energy cycle,
but also plays an important role in decision-making in practical fields such as regional dry and wet
condition evaluation, crop water demand estimation and rational water resources planning. In or-
der to understand the temporal and spatial distribution characteristics of reference crop evapo-
transpiration in Bozhou, but also to evaluate the accuracy of Hargreaves-Samani model in estimat-
ing reference crop evapotranspiration, this study used the daily maximum and minimum tempera-
ture, average temperature, relative humidity, sunshine hours, 10 m high wind speed and other data
from four national weather stations in Bozhou from 2016 to 2024 to analyze the temporal and spa-
tial changes of temperature and relative humidity and reference crop evapotranspiration in Bozhou.
The estimation accuracy of Hargreaves-Samani model is evaluated, and the evaluation standard is
Penman-Monteith. The results are as follows: (1) By analyzing the reference crop evapotranspira-
tion data of Bozhou from 2016 to 2024 obtained by HS method with kgs coefficient applicable to the
world, it is found that the reference crop evapotranspiration of Bozhou shows an upward trend. (2)
According to the analysis of the spatial distribution map of annual reference crop evapotranspira-
tion in Bozhou from 2016 to 2024, Alashankou and Jinghe have become high evapotranspiration
centers, with an average of 3.834 mm/day and 3.896 mm/day over the years, respectively. Hot
springs have become low value centers, with an average of 2.913 mm/day, and bole is 3.199
mm/day. It is speculated that it is due to its special geographical environment and radiation condi-
tions. (3) Comparing the two results of HS method with that of PM method, the annual reference
crop evapotranspiration variation trend of HS method with two different kzs coefficients is basically
the same as that of PM method, but the kzs obtained from the global universal equation proposed by
HS is different from the krs divided according to the climate type proposed by P. Paredes et al. The
results show that the HS method with climate modification is more accurate in Bozhou, where the
climate is prone to drought.
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Figure 1. Average temperature over the years in Bozhou
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Figure 2. Average relative humidity over the years in Bozhou
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Figure 3. Annual average daily evapotranspiration of Alashankou
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Figure 4. Annual average daily evapotranspiration of Wenquan
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Figure 6. Annual average daily evapotranspiration of Bole

Eo. HEZFFHRAFNE

PRI O %4 A RN E

10,
_. 8
&
26
£
E 4
o
w 2
0 »
1A 2H 3A 4R 5H 6HA 7H 8H 9A 10HA11A12R
A%
—G AT (B e SEAFY (FR)
BN EE R EENE
10,
- 8
>
S 6
£
E 4
e
m 2
0 »>
18 28 38 4R 58 6A 7R 8A 9A 10811812R
A%
—%ERFY (BRA) - LERTY (FR)

BRRSFEAEHFENE

81
7
=6
35
€
§4
|93
52
1
0 »
1H 2R 3R 4R 5A 68 7H 8RR 9A 10A11812H
A%
—ZEHFY (EA) SERTEH (FR)
BREERFENE
10,
8
>
3
£
E 4
o)
o2
0 *
18 2A 3H 4R 58 6R 7H 8H 9R 10A11R128
B#
— SR FL (BH) - SEREH (FB)

Figure 7. Multi year variation of monthly average evapotranspiration in Bozhou
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Figure 8. Distribution map of annual evapotranspiration in Bozhou
8. 1IN SR E T

BTN 2016~2024 ERISHEYABORE, FIF ArcGIS X RG22 2% (E Y AR U 2 1) 43 Aii 1]
(11 8)o 20 B BT 81, BTz 1Ly 11 55 KR B 26 R v e s 3590 9 D 464 3.834 mmy/day A1 3.896 mm/day,
TR BONRAE P, 4 2,913 mm/day, 1859 3.199 mm/day.
3.3. 74 HS REMEHESESENEHENERE
3.3.1. EGHAREZWAY i HITH

ARSCIEBEN 4 AT G5 TR AR RAD N T2 5ETR, Friliiia Koy a et
HS 2 Qa4 206 R E ke KITHELT5, HP AN X 0 U0 DR ks TR

kg, =0.3023 —0.0049TD(Wg + 0.0151u2avg - 0.0017RH(Wg (20)

R T F 48 B AD 7S ANFE X AT F kg W0 -
kg =0.2073-0.00237D,, +0.0224u,,,, —0.0009RH,, (24)

MG 1T RTCAEH, 18I ke, BT ko PIZEBERIZE S EBOR, HARIRZE 5810 5%LA L, 1At = Hitb /e
5%LA o

Table 1. krs and krs1 in each station

= 1. NEh S ke 0 krot (B

il £ ZRF kers krs1
LES 2.339973% 0.181435827 0.185783103
R 5.268048% 0.196134675 0.207041734
] 3.207469% 0.209720283 0.216669904
(GETAIIN] 0.108680% 0.224464535 0.224220851
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3.3.2.HS 5 PM i EERILE

Table 2. Error statistics between HS method and PM method
5 2. HS 3EH1 PM SERIRER T

IEH R B S HX b R? EF dia RRMSE  RMSEI (mm/day)
IR ks 0.963 0.892 0.895 0.956 0.298 0.805
TR krs 0.951 0.907 0.916 0.915 0.245 0.788
FEIT krs 0.923 0.910 0.906 0.995 0.234 0.716
BTz L1 T ks 0.976 0.889 0.965 0.936 0.301 0.823
TR krst 0.934 0.892 0.889 0.983 0.267 0.770
TR kot 0.949 0.908 0.964 0.917 0.275 0.703
K] kst 0.896 0.911 0.917 0.904 0.339 0.620
[TETAITYmp 0.908 0.887 0.946 0.976 0.258 0.883

Xt HS J7 L PR 45 BN PM 45 BT LR, PM {245 B (KI5 4E 5 25 /R 75 SR A S5 R 1 7
JiFAFE) kps 19 HS JTREHIEE R E T AR, H HS $EH I 2EREE T RSB BN ke, 55 P. Paredes 25 A$2H 1)
R SAFIET RN 1) kg ZE AR K. X HS I PM VA B S H M 2K BE34T 7 R0, FES%
fEbr e B RE(D) HiE REU(RY) BAUEHURCR(ER) M — B ERE Bi(du) ¥I77 iR ZE (RMSE) AR
BIFTARZE(RRMSE). 45 R 8K, TEFFP HS 338 gs B, KA T AR A XIENE ke BT E]
HRE(B)E T kror 25, PEAR VLI E RERME, RILR AP ke THE IS HEM A BER W ZE A
K kps R kpyy B2 (RASEAUL KR (BF) 8 1, 3 10 B PSS 28 () FROI 38 3R AR A HE R, X B ETHIE T HS 77
EARRA AT R N IERIE: — B (dn) P T, i 0.95 BLE, UEBI 4 BRE A ) HS 57
RIS IE 1Y) HS BEALS A B AR = B — SO LF 4RE; RRMSE #B6F 0.2~0.3 ZI8l, J&TIE
WX E, AR R RS AR I, HS FiES R A HN: BT RRZERIEI T ko HITE /N
— b, PR Z IR K, (HIEFEL N T AR IER) HS AR 258 kvt . DAL 45 SR W78 S5 O 170
FH R E TGRS, EARPIRN HS 5958 S RER R/ NLEE 2), (HASREIER HS 25 InHER .

3.3.3. HS &5 PM FiHHEREE
XF HS TP A 25 AN PM 25 SR BEAT LU, PM VB BIMIZ 2 % RV 78 B B S5 R H T S
JHERF R ke 9 HS T REMIEE RZEFRA K, (H HS $2 I 2B EE RS 2/ ks 5 P. Paredes 55 A2 Hi
ARG R 1 ke ZE AR K X HS 15 PM AR B SRR RUE BT T R, FES%
FARUR : [BIERE(D) W€ R AR BREARARANCR (BF) A — S FR A (du)  $9T7HRIRZE (RMSE) FIAR XS
BTHRIRZE(RRMSE) s i A 5oR, FEMRT HS JriE R BIai b, KA 7 2R e s IENE ke, (07575 10 18]
VAR (DS T knor 35, PIRHITVERITE RERHMF, RILRAIPIRN ks TS B R BE W ZE A
K5 ders T ey BT RIS (BF) I 1, X U0 WY P A S 20 (1 T R R AR R, Xt EIE 1 HS 5
BEFRARAET KM T IR E; — BUESRE(dn) I L, E3E29 0.95 BLE, IEM] & EGER HS 17
RUANZE W TARRR AL ¥ HS AR AR = H— B (RFAE; RRMSE #8347 0.2~0.3 2 [8], J& 1k
HIXTE], BN R B URALIE, HS THE BAURCR AR S BN 2T RIRZE AL T ko KI5/
—L, PR ZEEANK, (HAERT SR AR IE R HS A S BEinA e . DA B S5 SRAEWIE S i 7]+
B E AL, ESRPTRN HS TPk AR Z AL 3), (HA UEE LR HS 32 s .
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Table 3. Error statistics between HS method and PM method
5 3. HS 3£H1 PM SRR E LT

IR H S X b R? EF dis RRMSE RMSEI (mm/day)
R krs 0.963 0.892 0.895 0.956 0.298 0.805
TRIR ks 0.951 0.907 0.916 0.915 0.245 0.788
FEW ks 0.923 0.910 0.906 0.995 0.234 0.716
BT 437 111 1T K 0.976 0.889 0.965 0.936 0.301 0.823
IR krst 0.934 0.892 0.889 0.983 0.267 0.770
TR krst 0.949 0.908 0.964 0.917 0.275 0.703
K] kst 0.896 0.911 0.917 0.904 0.339 0.620
[GEAITE R 0.908 0.887 0.946 0.976 0.258 0.883
4. G5ip

(1) XoF B REL T 38 FH A BRVE B kry 25000 HS VA1 2016~2024 SE1H 102 % (E Y 25 B Sl
BT 0T, SRR : BTl OS5 EARGE 2 bR, @A TS BED AR 3.51~4.90
mm/day WiKzNAAL, ~FHMEA 3.83 mm/day, (EHTRIHE KIS EEY AR 3.32~4.84 mm/day WK
AR, PN 3.79 mm/day, FOKAE HIILAE 2021 4E, f/MEHBLEE 2016 4, R RS EEMZABE S
TR, A HE R S AR A EUERAE 2.70~3.04 mm/day NIRENAEAL, SFIIME A 2.91 mm/day, fF
TR S EYZEBELE 2.85~3.19 mm/day W #s1454k, “FHMEN 3.06 mm/day, HAEHIE
2021 4F, f/MEHIE 2016 4F; MM SEEWARE S LTHEaS, SHBATFENSSEDRET
3.77~4.11 mm/day WUEEIAELL, SFEIMEAN 3.90 mm/day, 10T 2i-ENSZEMEREBEE 3.76~4.22
mm/day WKZNEA, “FIMEA 4.02 mm/day, SHOREHILE 2022 4F, f/MEHIE 2021 4 RS %
EVIZE R 2 EoHas, (@R S HAEY A BUELE 2.36~3.31 mm/day WIKENAEAL, “T3{E N 3.20
mm/day, i f TSt E KIS HEDARBEEL 2.80~3.38 mm/day WikEh4 1k, “FHIME N 3.21 mm/day, #
KA HILAE 2020 4, S/ ME HILE 2017 4.

(2) HRHE 2016~2024 &I 435225 Ve 2L i 2 0] 7 A & 20 A, BAT 4z L 1 50k 90] B 28 S0 = o
I3 WA PIAEEYY 3.834 mm/day AT 3.896 mm/day, iRIEECARAEH 0, N 2.913 mm/day, fEIRIN 3.199
mm/day. FENZ T ILRE R I M PR DL A S BT R

(3) XF HS JikimiFh e Fom PM 45 AT LR, XTI T BIANASIFI ke REL HS J575 10
FEBHED TR EHEM PM ERIIEA—5, H HS 2 H BRI E RS 20 ke 5 P. Paredes %5
NFE AR SR BRI 3 (0 kg FETEZE SR FERVA T, B EH R E(b) i€ RE(RY) HIHRRE
(RMSE). #HX} )77 #i% ZE(RRMSE) A5 BB 850K (EF) A — 850U 48 50(d) 2500 5 /E IR bR e, St HS 7%
A PM ER PRI GE R AT T A 0T g SRR S ) T R 00N, S0 B IER) HS VETE
METH
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