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Temporal and spatial variation and influencing factors of saturated water vapor

pressure difference in the Hai River Basin
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Abstract : Vapor pressure deficit ( VPD) , which defined as the difference between the saturated vapor pressure (SVP) and
the actual water vapor pressure (AVP) at a selected temperature, is a key variable for measuring atmospheric aridity. It also
plays an important role in modulating vegetation photosynthesis, carbon, and water exchanges. The continuously increasing
VPD will lead to forest mortality, crop failures and reduced plant biomass. Analyzing its spatiotemporal characteristics and
influencing factors provides a deeper understanding of the response mechanisms of terrestrial ecosystems to climate change.
This study uses 126 site observations to evaluate the performance of the monthly scale VPD calculated by the Climate
Research Unit gridded Time Series ( CRU TS) 4.07, the fifth-generation European Centre for Medium-Range Weather
Forecasts Atmospheric reanalysis version 5 (ERA5) , and Modern-Era Retrospective Analysis for Research and Applications
version 2 (MERRA2) at the Hai River Basin in the period of 1980—2022. Annual and seasonal VPD change trends and
influencing factors were also evaluated using the Sen's slope estimator and correlation analysis in the Hai River Basin over
this period. The results show that: (1) Monthly VPD estimated from the ERA5 dataset has smaller BIAS and root mean
square errors ( RMSE) compared to the other two grid datasets, with R*=0.9851. Therefore, the ERAS5 dataset is the most
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suitable dataset for studying long-term VPD changes in the Hai River Basin. (2) There was a significant increasing trend of
annual VPD in the Hai River Basin from 1980 to 2022, with a rate of 0.027kPa/10a ( P<0.01). VPD exhibited an upward
trend across all four seasons, with the highest rates in spring (Trend =0.0433kPa/10a, P<0.01) and summer ( Trend =
0.0405kPa/10a, P<0.01) and the lowest in winter ( Trend=0.010kPa/10a, P<0.01) and autumn ( Trend =0.0146kPa/
10a, P=0.051). (3) Significant increases in annual VPD were observed in 86.28% of the Hai River Basin ( P<0.05),
and the strong increase were mainly located in the southeast of the basin. Seasonal increases in VPD were significant in
spring (87.59%) , summer (63.57% ) , autumn (30.76% ) , and winter (77.48%). (4) The annual and seasonal VPD in
the Hai River Basin showed significant positively correlations with SVP and significant negative correlations with AVP | with
a stronger correlation between VPD and SVP than AVP. Additionally, the absolute values of the correlations between VPD
and relative humidity were higher than those between VPD and temperature, indicating that relative humidity has a greater
impact on VPD than temperature. Overall, our findings emphasize the importance of using high-quality climate datasets to

assess the spatiotemporal characteristics and influencing factors of VPD.
Key Words: vapor pressure deficit; accuracy evaluation; spatio—temporal pattern; influence factors; Hai River Basin
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Fig.1 Location of the Hai River Basin and spatial pattern of
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Fig.2 Correlations and average values between VPD derived from three grid datasets (CRU, ERA5-Land, and MERRA2) and VPD derived

from all in site stations
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Fig.4 Time variation of annual and seasonal VPD in the Hai River Basin from 1980 to 2022
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Fig.5 Spatial pattern of annual VPD change trend in the Hai River Basin during 1980—2022
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Fig.6 Spatial distribution of seasonal VPD change trends in the Hai River Basin during 1980—2022

F11980—2022 FiEATISEMET SVP AVP SIBMETRET LR
Table 1 The annual and seasonal SVP, AVP, temperature, and relative humidity change trends in the Hai River Basin from 1980 to 2022

S4HT i Eees LES [Es 2
Meteorological factors Annual Spring Summer Autumn Winter
HIFIK P SVP/ (kPa/10a) 0.0295 ** 0.0367 ** 0.0457 ** 0.0222** 0.0128 **
PPRAKIKE AVP/ (kPa/10a) 0.0001 -0.0085 0.0034 0.0056 0.0002
Sk Temperature/ (°C/10a) 0.3399 ** 0.4651 " 0.2652*" 0.2360 " 0.3933 **
AIXHEIE Relative humidity/ ( %/10a) -1.1117** -1.7743 ** -0.9646 * -0.5332 -1.2879°*

s il s 4378 P<0.05 F10.01; SVP . HFIZKIKHE Saturation vapor pressure; AVP: SZPR/KVSXHE Actual vapor pressure
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TR E TR SR T G ER R R ER/ NZET 0 BN RZE (- 1.7743%/10a) FIFKZE (-0.5332%/
10a) , Z AT 43 AF R i dul 22 0 3 8 T AR AR (e 35 (R 1) o MG HIT 2RI 1980—2022 4 T0] Yt du
AERIZETT VPD 50 S B IEARDG AR 2 B TG (B 8) . SR A REUR K E R AR
Z2(0.730) ; SAHXIR AR OC R B 4 X fe KA R IR AE B 22 (-0.970) o BVAORF I i VPD 54X
JEE A DG 22 B4 W TC VR 2 7E A3 I 21 RUBE 347 8 TS0, ARV BE X VPD () B ik s Tl

3 Wig
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B35 (] 6) , 1 AT A0k A 21 458 1 A0 AT R A IR A AR GH BE AT 56, 80 SVP I AVP Z ] Al 28188 K7
FKZEH) VPD bR 3, 2 i T ARG AR AR IR R NP B a5 I s A R R
] 1980—2018 AF-I [ Ak AF FIZE4T VPD 2 i 35 1 A #a #5; Wu 2554 O AFF 55t W 2000—2020 4T I3 i
BT HUIX (4 VPD SR AN a3 X SA SCHRF ST a5 R —2, RN VPD (AR A AE 25 1] WA TE
225 PEALTP AN LU DX 3k el DX 7 5 P R, AR 1 i, RE A 38 41K SR T 571 >k ) VPD
W, R VPD LT B T AR R AR AL B, 2 AR L T AR G B G [, S VPD 8 i
FUTR N H R A, VPD 5 IR AR A B A G SR TR 2 2 SVP S, AT Y
M VPD(E 8), EAMFEN, 2RRARE R T, WA RS LT SR K VPD i — 8 m™  [F A
XHEEE Y 215 VPD T AR SO I 25 S R B 2 BUIREAT A 380 VPD 5 R o 18 A R 56 28 e st
(TR, 22 BT G S X B 6 VPD A STk R TSI, VPD A X B i AR AT S SRR (1 8) . Li
2000 Noguera %5 FERFFS B S MPG LR VPD Z8AL G HHE AR 2] T2RAUAIEEIE . (E15 T 75 10 2 1 3T I dek 2
R F A ARV TR X, BRI AR X 8 B 1, AR ol 8 T 5000 4 S0 R AR At 25 5 W T R b VPD AR
10 Y R R I A VR ZE I VR R R, UE IR T 22 (/K A BB KA, B 2 s SR
45 AVP B HNET SVP, S P 20 VPD e/, B B S VPD 2 8] 55 24T BY T A0 I S m , I
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T2 R K SRR HRER Y A, TR R T S I P T 1) 22 Sl 80 VPD AR AL B IR T RS
SN VPD I 23 A AN P 32 I i 75 45 3 Tk B S PR B s SR P 2 T 2 M R LASR
XA VPD SN m AT AR T IR

4 Zig

TR I By s R AR SCEAS T 3 B4R (CRU . ERAS5-Land Fil MERRA2) 444 VPD 7E ] 7 5%,
S F I, - — 25 o0 b T R 23 AR g R &, WFgE R B

(1) ERAS-Land ZU5ETH A VPD AHE T HiAth 2 B WA EHE BIAS F1 RMSE B/, A0 H 4 (R =
0.9851) , BRI IA A iZ i 45 o0 FH Tl s 1) VPD A8 fb 5

(2)1980—2022 4F{A] I 4F VPD {H 52 34 N il #4% ( Trend = 0.027kPa/10a, P<0.01) , VPD 7 &%
(3G R fe bR, HAE R 0.0433kPa/10a( P<0.01) , Bk 25 FI A 25 fil 186 ik 4518 | LA 4390 M 0.0146kPa/10a( P =
0.051) 1 0.0120kPa/10a( P<0.01) ,

(3) AT, VPD Y28 [BIRRAE B 23 (8] 7 B |, 86.28 % I i A VPD 2 i 3G i #a# (P<0.05) . &
%= HZE PEFEMAZE VPD B8 IR S L 87.59% (63.57% 30.76% 1 77.48% , i3 T FERY X
BN B o AnfeAedb il X b X,

(4) WETRUAE AN 2T VPD 5 SVP (AR SCHE R T AVP ; VPD 540 XHE B A HE 06 R B4 i (i s T,
FE W TRR AT AL S X BE X VPD 0 Bk s TR
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