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Note: MEP-AET represents the AET calculated by the MEP model and
TEDAC-AET represents the available terrestrial evapotranspiration dataset
across China.

A1 3R SFFHRIFEARAZ R (1982-2015)
Fig.1 Spatial distribution of multi-year average Actual
Evapotranspiration (AET) in central China during 1982-2015
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Fig.2 Spatial map of AET differences between MEP-AET and TEDAC-AET in central China (1982-2015)
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Note: P-PET thomwaite a1d P-PETpenman represent water deficit fitting test result of
precipitation and PET calculated by Thornwaite method and Penman-Monteith
method, and P-AETygp represents water deficit fitting test result of precipitation
and AET calculated by MEP model.

B3 fdRXER#EEKSTEHEHNKS BB
Fig.3 K-S test of water deficit at grid points in central China
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Note: SPEI-PM and SPEIi-Th represent SPEI with time scale i calculated by
Penman Monteith method and Thornwaite method respectively; SPAEI
represents SPEAI with time scale i. SPEI: standardized precipitation
evapotranspiration  index; SPEAI:  standardized precipitation actual
evapotranspiration index. Same below.
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Fig.4 Correlation among three drought indexes of four different
time scales
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Table 1 Correlation between drought index and Drought Area
Ratio (DAR)

X Eiztun _ L . o
Region Index =l =3 =6 =12
R SPAEI 0.33 0.59%%* 0.65%* 0.59%%*
Henan SPEI-PM 0.17 0.36* 0.43* 0.33

province - gpE[-Th 0.16 0.33 0.42%* 0.36*
TEln SPAEI 0.56** 0.65%* 0.65%* 0.43*
Hubei SPEI-PM 0.54%%* 0.65%* 0.65%* 0.43*

province  gpE-Th 0.54%%* 0.62%* 0.61%* 0.41*
WIEEE SPAEI 0.53%* 0.56** 0.44* 0.20
Hunan  SPEI-PM 0.47%* 0.46** 0.31 0.06

province  SpEL.Th 0.45%* 0.47%* 0.32 0.08

TE: SRAWEE (P<0.0D), *FREE (P<0.05).
Note: ** represents extremely significant (P<0.01), * represents significant
(P<0.05).
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Table 2 Correlation relationship between drought index and
vegetation health index in three provinces of central China

T4 il vy I
Henan province Hubei province Hunan province
Ei=ta
Index  HHRRE AR R TR R P&
Correlation P lA Correlation P val Correlation P val
coefficientr * "2 ¢ coefficient # © oo coefficientr | L oC
SPAEI1L 0.380 0.027 0.181 0.306 0.265 0.129

SPEI1-PM 0.227 0.196 0.114 0.521 0.145 0.413
SPEI1-Th 0.191 0.279 0.111 0.530 0.204 0.246
SPAEI3 0.488 0.003 0.253 0.149 0.227 0.196
SPEI3-PM 0.280 0.109 0.189 0.285 0.089 0.617
SPEI3-Th 0.277 0.113 0.178 0.313 0.150 0.396
SPAEI6 0.429 0.011 0.326 0.060 0.248 0.158
SPEI6-PM 0.256 0.144 0.256 0.145 0.108 0.541
SPEI6-Th 0.235 0.180 0.246 0.161 0.156 0.379
SPAEI12 0.433 0.011 0.302 0.083 0.184 0.299
SPEI12-PM  0.236 0.180 0.187 0.289 0.035 0.844
SPEI12-Th 0.239 0.174 0.184 0.298 0.070 0.696

MFEFRBR L, FAE AR T R 3645,
SPAEL 5 VHI M1 5% 2508w T HAR R 1 T 5 46 7
ARG 44 BT A I A RS ) SPAET 1383 T 0=0.05 ()35 2 1
U, MK REE, SRMMAIEALY SPEI 7L /44 1
KPR, Ll B EERK. FREBILE 5
A, EIR SPAEI HFAIET 0=0.05 K BEMERL, HHE
P4 VHI A T AR B i SPEL. 1% tH3R BIAR%L
T SPEI, SPAEI fit % {F-fa n 4 T R0
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HI2 B 0 BT R R ST R, R 3 AN A
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Fig.5 Drought identification ability of seasonal drought indexes in three provinces of central China
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Table 3 Historical drought identification rate of drought indexes A LAEH, ZEEE N ) SPAET $850H 5522 1 ks
AH7 Index {7 Henan Wik Hubei 117 Hunan MEBEWALFE—HEFES (3-5 A). MEFAE
SPAEI3 12/14 9/13 7/10 IZE/\]E%% (6-8 H IR }%jtﬁ/\]g%% (12 H,}j(ﬁz 2 H ), ;[X
SPEL-Th o4 813 710 RN EMIX A N T A s, e RE
SrEb M o i o [ SPAE 35 U IFL 3 /1N B A 50 7 i
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EFFM A RE (=3) §9 SPAEL %L (H) SPAEI3)  JHIFEHSBH M b IX 2, SBEdbi X 42, &
XA AN [ =5 i RS 2B AT MMK S5, W DL L3 DA 25 LT 2%

I 500 Significant decrease AR/ Non-significant decrease A Z K Non-significant increase Il 1231 X Significant increase
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Fig.6  Variations of drought trend in central China
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Construction and applicability analysis of the standardized precipitation
actual evapotranspiration index

Sun Xunlai', Chen Jianing?, Sun Huaiwei'®, Yang Yong®, Song Liang!, Zou Chaowang®,
Liao Weihong*, Chen Haorui*
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2. Yancheng Urban Flood Control Project Management Office, Yancheng 224006, China;
3. Hubei Institute of Water Resources Survey and Design, Wuhan 430064, China;
4. China Institute of Water Resources and Hydropower Research, Beijing 100038, China)

Abstract: Understanding the drought process and accurately monitoring the drought situation are significant for the people’s
livelihood and facilitating sustainable social-economic development in China. Due to the vast territory of the whole country
and the widespread impacts of drought, there is a lack of a proper drought index for drought monitoring in China. Based on the
calculation of actual evapotranspiration and the choice of most suitable distribution types, this study proposed a standardized
Precipitation Actual Evapotranspiration Index (SPAEI) to monitor the drought in central China, using methods such as the
Maximum Entropy Production theory. Firstly, we introduced the definition of SPAEI. Then the actual evapotranspiration
datasets calculated by the Maximum Entropy Production (MEP) model were validated, followed by the Kolmogorov-Smirnov
test used to determine the most suitable probability distribution type of fitting water deficit. Also, the SPEI values were
calculated by the Thornthwaite method and Penman-Monteith method (referred to as the SPEI-Th and SPEI-PM) with different
time scales (monthly, seasonal, semiannual, and yearly) and compared with the SPAEI values calculated by the MEP model.
Further, to assess the applicability of SPAEI in central China and the feasibility of the actual evapotranspiration in the field of
drought monitoring, we established comprehensive historical data sets with provincial drought statistics data sets, Vegetation
Health Index (VHI), and historical drought records. These data sets were used to validate these indexes by correlation analysis
and extreme historical drought events. Finally, SPAEI based on the Mann-Kendall trend test and wavelet analysis was used to
analyze drought’s changing trend and periodicity in central China. The results showed that: 1) In central China, every grid and
month based on log-logistic distribution under three parameters passed the K-S test (P<0.05), which indicated log-logistic
under three parameters distribution was the suitable distribution function of fitting water deficit. 2) There was a significant
correlation between SPEI-Th, SPEI-PM, and SPAEI of all time scales (P<0.01), and a strong linear correlation between the
SPEI and SPAEI values (R’=0.92-0.97). The correlation coefficient between similar indexes decreased with the increase of
time scale. The correlation decreased slightly. The different drought indexes of varying time scales had the same judgment on
humidity, but the judgment on drought was relatively different. 3) The comparative analysis of various indexes using relevant
drought data showed that the correlation coefficient between SPAEI and VHI were higher than other types of drought indexes
among the drought indexes of the same time scale, and SPAEI of seasonal time scale. The correlation between SPAEI of
seasonal time scale and drought-affected areas in each province was significant (»=0.56-0.65). Compared with the SPEI values,
the SPAEI had better performance to indicate vegetation drought. SPAEI of seasonal time scale had more advantages than
other indexes in predicting the actual drought area, vegetation drought performance, and drought identification. 4) The
application analysis of seasonal time scale SPAEI in central China showed that the drought in southwest Hubei, northwest
Hubei, western Hunan, and southern Hunan had an aggravating trend. The main drought period in central China was about 16
months; the short period was between 6 and 8 months and the long period was about six years. It is indicated in statistics data
research that actual evapotranspiration had strong feasibility in the field of drought assessment in China. Our study provided a
new drought index for drought monitoring, conducive to the continuous monitoring of drought and water resources
management in certain regions. Also, SPAEI could provide a reference for drought monitoring and drought degree
quantification in Central China and contribute to the world's understanding of drought monitoring.
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