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> Abstract

The latest IPCC ARE pomted out that some wezather and elimate extremes, such as temperature extremes and drought=
have mereased m frequeney and'or infensity sigmificantly under global warming background Based on in sifu observations,

! ERAS hourly reanalysis and CFA-Land surface reanalysis data, this study desenbed the ocowrence and svolution process of

compound drought and hot extreme event (CDHEE) in Southwest China m the pre-monsoon season (March-Tune) in 2019
The spatio-temporal evolutions of key physical vanables were diagnosed from the perspective of local land-atmosphers
interaction. The Liang-Kleeman Information Flow was firsily used to reveal the interactions between the key vanables in
CDHEE. In order to find the physical processes which may exist m this event, the CDHEE was divided into three development
stages based on the 01l moisture reduction. Further diagnosztic analysis shown that the mgger vanabls conmbuting to CDHEE
are not consistent m these three stages. At the first stage, CDHEE was induced by extreme high temperature, which promoted

27 the evaporation, leading to the decrease of sou motsture. Meanwhile, mereasze of sansible heat promoted the nse of temperature

further Consequently, a positive feedback cyele formed and CDHEE mtensified. At the second stage, CDHEE was tiggered
by precipitation deficit, wiuch broke the water budget, thus soil mowsture was decreased by evaporation and CDHEE
detenorated further At the thurd stage, precipitation deficit and extreme high temperature are both inggers. Combined effects
of high temperature and drought lead to stronger land-atmospherie interaction and feedback Thus, based on this study, it
reveals that extremes high temperature and drought had an obwious imnteract with sach other in the whole process, and sxtrems

5 high temperature not only was an external environment of others variables, but also invehed in local processes.

Keywords: extreme high temperature, drought, compeund event, Southwest China, land-atmesphere interaction

0.Intreduction
Some weather and climate extremes, such as temperature extremes, heavy precipitation and pluvial floods, nver floods,
droughts, and storms, have increased in the frequency and/or infensity sigmficantly under global warming back ground (TPCC,

© 2021). The increasing number of kigh-impact events suggests that impacts of weather and climate sxtremes in practice may
" notbe uniquely determmed by a single extreme. but may be related to 3 combination of factors that lead to high impacts. Such
% events are generally referred to as compound exireme events (Sadegh et al | 2018). The latest TPCC ARS defined compound
" events broadly az “the combinaton of multiple drivers and'or hazards that conmbutes to societal or environmental mmpact

(IPCC, 2021). Recently, compound drought and hot extreme event (CDHEE) is one of the most tvpical events, threatening
scological secunty and human health zenously (Mazdiyasm and AghaKouchak, 2015; Obladen et al., 2021; Vogeletal, 2015;
Zscheischler et al |, 2018). Studies have shown that the eoncwrence probability of CDHEES in many regions of the world has
zrezily increased (Mukherjee et al., 2022, 2020). In China, some studies have also found that global warming mereases the
probabulity of CDHEEs (Chen and Sun, 2017; Chen et al, 2019; Tavakol et al., 2020; Yu and Zhai, 2020a, 2020b). However,
mechanism study of the interaction between drought and het extreme events is a key point to understand the development of
the compound events, which 13 also conducive to atmbution and prediction rezearch (Kong et al., 2020).

Located mn the junetion of tropical and subiropical climate zone, Southwest China (SWC) 15 a region with the richest
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biodversity and fragile ecology (L1 et al, 2003; Wang et al , 2015). Recently, many studies have indicated that the drought
events in SWC have mersazed especially dunng pre-monsoon season (Gao et al | 2018; Han et al | 2016). Spring to summer
15 the hottest peniod for SWC. It 15 easy to induce the concwrence of drought and hot extreme events, 1.2, CDHEE, when
precipifation 1s severely insufficient. However, what is the physical mechanizm of CDHEE in SWC? This issue needs to be
addreszed to understand and predict CDHEE=.

Dwing pre-monzoon season from spnng to summer mm 2019, SWC suffered a severe CDHEE. For Yunnan Province,
meteorological drought intensified and the proportion of severe and exireme drought areas increased in May. At the same
time, hot extrems events set 3 new record from 1961 to 2019, The drought damaged area and the lozses m Yunnan Province
were the heaviest m the past frve vears (hitp:/'www ynsjzwzebzx org en/100/103 /content_ 797 himl CAA  2020a; YPMB,
2020). Based on the 2019 extreme case m SWC, this study attempts to address the ocowrence of drought events and further
explore land-atmosphenc mteraction in the development processes of CDHEE.

1. Data and methods

¢ I.1Data

This paper zdopted the ER A5 homly reanaly=is dataset from ECMWE, meluding honzental wind and specific humidity

5 atmultilevel, and the smiface data meloding total precipifation, 2m temperature, sensible heat fiux (S5HF) and latent heat flux

N O (SLHF). The honzontal resolution iz 0.25° = 0.25°. Then, these data were processed mto daily scale. The daily soil moisture

{5M) datz from the CRA_TAND surface reanalysis dataset was provided by the National Meteorological Information Center
of Chira Meteorological Administration, with honzontal resclution of 1.0°:2 1.0

In addition, we used the “Dataset of Daly Surface Observation from Chinese Smface Stations (V3.0)", which was
provided by the Mational Mateorological Information Center of China Meteorological Admmmistration (Fen et al., 2012),

! includmg daaly obsarved data of precipitztion, temperature and relative hummdity from 1981 to 2019,

Standardized 501l Moisture Index {S5MT) was used to desenibe the soil drought (Farahmand and A ghaKouchak, 2015)

0 It 1z consistent with the drought claszification of standardized precipitation mdex (SPI): S5MI=-0.5 15 hght drought, SSMI=-

1.0 15 moderate drought, S5MI=-1 5 15 severe drought, S5MI=-2 0 is extreme drought Here, a drought event was defined

3 when the drought index (SPI'SSMI) reached moderate drought. The hot extreme event was defined when daily maximum

temperature was over 30 percentile thresholds {reference penied 1981-2019). CDHEE:= were defined as the coneurrence of

3 drought events and hot extreme evenis on a daily-time seale basis.
o
7 1.2 Methods

Vapor Pressure Defieit (VPD) was used to describe the aimosphenc water demand. The calenlation formmla 15 as follows:
1720

IPD=0.61078xe™"" x(1-RH)

Where T 1s the average temperature, RH 1s the relative humidity. The greater value of VPD indicates the zreater

S atmospheric water demand

Bowen ratio was used to express how available energy at the swface 15 partinoned, whach 15 defined as the ratio of

- sensible heat flux to latent heat flux:

SH
p=m
IH
Where LH 15 surface latent beat flux, and SH is surface sensible heat flux. When the values of § approach 1, senmible

53 heat and latent heat play the same role i heating the atmosphere; when the value 1= large than 1, sensible heat plays 2 leadine

role in heating the atmosphere; when the value is less than 1, the latent heat flux plays a leading role and transfers energy to
the atmosphere in the form of evaporation.

The Liang-Eleeman Information Flow method was used to explore the possible land-atmeosphere mteraction processes
among the vanables in this CDHEE. The caleulztion method of information flow 15 as follows:

Given the time series X1 and X3, Liang (2014) proved that the maximum hkehhood estmate of the mformation flow
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Where Cjj is the covaniance of ¥j and Xj, and Cjg 15 the covanance of the new sequence formed by the forward difference
of Xj and Xj If [T2—1|#0 and passes the $0% confidence test, then X3 is a cause of X (or X is a consequence of X3), and
otheranse, 1t 15 not.
While diseussing the inferachion between the variables and SM m continuons time, a 14-day-window {6 days before and
T days after a certain day) was selected based on dwration of the diffsrent stages, and the mggers of different stages were
judged by the 1-day-lead comrelation coefficients caleulated based on munning windows between the vanables.

2. Rezult
2.1 Oceurrence of 2019 drought and hot extreme events

Precipitation m SWC iz strongly mfluenced by the Indian monsoon, East Asian summer monsoon znd the westerliss.
About more than balf of precipitation in SWC comes from Indian menseon, and the westerlies play the second role m water
vapor supplies (Zhang, 2020). As can be seen from Fig. la, the precipitation deficrt from March to md-May m 2019 was
accompanied by weak mendional water vapor flux. Meanwhals, less water vapor was transported to SWC. The atmosphers
condition over SWC was dry, which was not favorable for precipitation. However, a sirong southwesterly water vapor flux
appearad in the west side of SWC (90~96°E) m early May. The westerhies allowed some water vapor to armve the SWC,
which might contribute to the light rainfall in mid-May. According to the Clmate Bulletin of China Meteorelogical
Admamstration m 2019 (ChMA, 2020, the ramy season in SWC began in June 10, when the southwesterly water vapor flux
was obvious. There was strong menidional water vapor transportation. Alse, precipitation mereased significantly. In addition,
urusual weak southemn braneh trough played a erifical role i the ocewrrence and persistence of drought in SWC, which might
lead to unusually weak water vapor transport {(Ding and Gao, 2020).

From Apnil to June m 2019, SWC, Myanmar and Laos expenienced precipitation deficit and long duration of hot extreme
events (Fig. 15). Precipitation was the lowest durmg the period from 1961 to 2019 in SWC, where the precipitation deficit is
more senons than that in surrounding areas. The total number of hot extreme days m SWC exceeded 30 days. Both
preciprtation deficit and extrems ligh temperature axacerbated the drought development. Hot extreme svent and drought
concwred in the same area, which induced rapid development of CDHEE:. The total mumber of days and evolution of affectad
areas of CDHEEs are shown m Fig. 2.
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g Fig 1 (&) Transport of water vapor flue (vertical imtepral to 3000 Pa) and evolotion of regions] averape precipitation over SWC from March to Tuly

in 2019 (shadow. meridional water vapor fher, wmit kz(m - s7; vector. resultant vapor fhor, unmit kg (m - 57'; Blue bar: regional aversge
precipitation, unit: mom). (b) Percentape distribution of precipitation anomsty (shadow, relative to 1981-2010), and regions with scommmlated hish
temperatare days over 30 days in Soutiraest China and Sowthesst Asiz fom April to fume in 2019 (zrid).
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The results show that the days of CDHEE was far more numerous and concentrated i 3WC, the maximmm momber of
cumnlative days was up to 35 days. Therefore, SWC (red box i Fig 2, 98-103°E, 22-28"N) was selected as the study area
to explore how the event mtensified locally in SWC dunng the development of CDHEE, and how het extreme event and
drought interacted with sach other. As can be seen from the fime svolution of the disaster avea of CDHEE m SWC, 1t increased
from March and expanded rapidly in early April. reaching the maximmum of 21 10%m?® on May 19, and then reduced rapidly.
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Fig 2 (g) Spatizl dismibadon of cummilatve ocowrence days of CDHEE Som April to fune, and (b) evoluton of damazed ares (unit: 10* k) in
Southwest China from March to Fuly 2019,

In general, the anomalons water vapor transportation resulted in the delayed ramy season m SWC. With persistent ramfall
deficit, the seil tended to dry out. At that ime, SWC graduzlly changed from cold to warm, and the temperature continued
rizing to the warmest peniod. A CDOHEE thus ocowred in SWC durng the 2019 pre-monzoon season.

2 2 Evelution of CDHEE pracesses

Considenng that it takes so1l motsture (SW) at diffevent depths different time to respond to drought. znd the mtenzity of
land-atmosphere interaction 1s also different, SM at a depth of 10em from the surface was selected to reflect its dynamie
simaton (Souza et al, 2021). As shown in Fig. 3a, the S5MI reached the level of hzht dronght as early as March, and then
intensified to near moderate drought In Apnl, the drought developed from moderate to severe drought In May, the drought

! exacerbated. Tt was near the extrams drought level i late May, when the drought reached 1ts peak and then eased rapadly. Due

to the amval of ramny seazon, the precipitation mereased persistently, which reheved the SM shortage quckly and made the
55MI nse rapedly. It 1s worth noting that for the entire March-Tune, there were three rapid declines of SSMI, comesponding
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to the three mtensified processes of seil drought Based on these three declines of S5MI, we divided this event mte three
development stages. The first stag (stage I} 1= from March 10th to March 30th, the second stage (stage IT) 15 from April 9th to
Apnl 26th, and the third stage (stage IIT) 15 from May 5th to May 21th According to the precipitation changes m Fig. 35, the
reazon why the CDHEE was divided mto thres stages 15 that the process of CDHEE was mterrupted by short-term pracipitation.

The magnitude of latent heat reflects the energy abserbed by water dunng evapeoration. In this study, the latent heat flux
was used to reflect evaporation. Fig. 3a shows that the evaporztion rate was weak duning the compound event and increased
after the event ended. The latent heat flux was stable at a low value m March. It suggests that water content which 15 likely to
undergo phase transition was limited and the S5MI reached drought condifion, thus soil evaperanon was weak. From the
perspective of energy distmbution, the Bowen ratio was larger than wsual smee March, and the anomaly kept increasmg and
lasted until late June The largest anomaly was in mid-late May, when the average senzible heat flux in the region was about
& times of latent heat flux. After that Bowen ratio began to declme and the abrormal state eased zradually. It can be found
that latent beat flux was small and stable dunng the period (indicatng that land swrface evaporation was small and stable),

2 and sensible heat flux increased significantly, indicating that land surface energy was mainly iransferred to the atimosphere n

the form of senzible heat flux. In late May, senzibls heat flux began to decrease, latent heat flux began to ncreazs, Bowen

© ratio also decreased to less than 1 gradually, and latent heat flux became dominant.

In Fig. 3b, the evolution of precipitation, temperature and VPD 15 firther analyzed. The data used are all obzerved i situ
data. The resultz show that the regional aversge maxmum temperature continned to exceed the threshold of 90 percentle

! from the beginming of March to the end of Tune, dunng which the maximum temperature continued to nse. The maximmm

temperatura reached the peak ccowred on May 13, ther began to decrease. There was an obvious decline process at the end
of June, the temperature was below the threshold, and the high temperature process ended. Regional average rainfall was lass
than usual and the nezative anomaly was very evident smee March (Fig. 3¢). Precipitation was contimuously less than usual
in early Apnl the negatrve anomaly gradually mereased, and precipitation deficit reached its maxmmum on May 17. Then,
due to the outbreak of Indian monsoon, precipitztion increased gradually, and the negatrve anomaly decreased gradually, and
tumed mto a postive anomaly in early July. VPD was used to reflect the degres of atmosphenc water demand in the study

0 area, so as to judge whether the external envirorment of seil 1s conducive to evaporation. The regional average VPD appeared
~ higher m the middle and late March than in the usual period, and this situation lasted from Apnl to early July. Duing this
: period, the positive anomaly of VPD increased rapidly, and reached the peak of 2 0kPa in Mayv. It showed that the atmosphere

was dner from Apnl to May than usuzl However, because VPD 15 also affected by temperature, 1t 15 consistent with
temperaturs changes mn the context of water shortage (Teuhng et al., 2013), and this can be seen in Fiz 35, Through the above

+ analysis, it can be found that there is a certamn covanability between the changes of air temperature, precipitation and VPD in

the ocowrence and development of the compound event.
According to Fig_ b, the triggers of land-zimosphere mteraction in the three stages can be inferred. Duning the whole
event, the high temperature anomaly persisted and only weakened dunng the precipitzion penod; the precipitanion anomaly

: was significant in the second and third stages, especially in the third stage. In the first stage, the precipitation defieit was not

obvious since the precipitation occured in both the cmrent stage and before, while the high temperature anomaly was the
most significant among the three stages. Therefore, high temperature was the trizger for SM decline, which further caused
land-atmosphere mteraction High temperature promotes the diffusion of water from seil to the atmosphere, it causes the
decline of SM contmuonsly, nggers the interachion between land and ammosphere, and develops compound events. In the
second stage, althongh the igh temperature continned. 1t only maintained the state in the previous state, and the precipitation
deficit appeared in this stage, so the precipifation deficit was the trigger for the decline of SM i this stage. The precipitation
deficit led to the enhancement of soil unsaturated state and the unbalance of water budget, which mggered the land-

i atmesphere interaction and promotes the development of CDHEE. In the third stage, although the kigh temperature anomaly

weakened, its abzolute value was high, and at the same time, the percentage of precipitation anomalies reached the maximum
nezative value, so both of them are mggers, which together caused the decline of SM. In general, in the three stages, the
precipitation deficit and the high temperature mggerad the decline of ShI, they caused the land-atmosphere mnteraction. On
the basis of the land-atmoszphere mteraction, it fmally led to the development of CDHEE.
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Fig 3 Temporal evolution of multi-variables from March to July in the study area. (a) Grid variables include surface sensible heat (solid line, Jm®)

. and latent beat flux (dotted line, wmits: J/m*), SSMI (green), and Bowen ratio (orange, dotted line shows the climate mean). (b) In situ observation

varizbles mclude maxinmm temperature (red, units: °C dotted line shows the 90 percentiles threshold), precipitanon (blue, units: mm hollow bar
shows the climate mean), VPD (green. units: kPa, dotted line shows the climate mean). The gray shaded areas are the three stages based on the

4 decline of SSMI index. (c) percentage anomaly (red and blue bar chare, units: %a).

The frequency of CDHEE. hot extreme event, and SSMI in the three stages 15 further analyzed, and the results are shown
in Fig. 4. As for the frequency distnbution, the frequency of CDHEE in the first stage 15 zbout 0.1~0.5. and the coverage of
CDHEE in the study region is small; the frequency of hot extreme events 15 also about 0.1~0.5, and the coverage of hot
extreme event in the region is also relatively small. The frequency of soil drought 15 0.1~0.75, and the coverage 15 large.
Overall, the area and frequency of CDHEE were mamly controlled by hot extreme events. The maximum frequency of
CDHEE in the second stage increased to 0.5~0.75, and the area of frequencies between 0.25~0.5 expanded; the frequency of
hot extreme events also increased to 0.5~0.75 at this time, and the area of frequencies between 0.25~0.75 expanded to the

€ entire region; the frequency of soil drought mcreased to 0.75~1.0. Combined with the results of area and frequency, it shows

that the frequency of CDHEE 15 affected by both high temperature and soil drought, but the area 15 mamly affected by so1l
drought. In the third stage. the maximum frequencies of CDHEE, hot extreme events and SSMI zll reached the values above

0 0.75. To summanze, the frequency of CDHEE was affected by hot extreme events, and the area was affected by both high

6
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Fig. 4 Frequency distribution of CDHEE, hot extrems event and SSMT at threa stages of CDHEE in Southwest China (bex) in 2019,
only the frequencies above 0.1 were plotted

2 3 Land-aimesphere interactions
In order to further understand the local land-atmosphere mteraction process in the CDHEE, on the basis of the above

-5 conchisions, this section further uses the comelation analysis and the Liang-Kleeman information flow method to explore the
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3 local processes that may ocour mn the three stages.

It has been obtained above that lugh temperature and precipitation defictt are the mggers for the development of
compound events. Considenng that the water retention time in the soil 15 gensrzally not more than 2 weeks, the lsad-laz
comelation coeffictents of SM with precipitation (Famy) and high temperature (Frisn) were caleulated in a 14-day runming

-5 window (6 days before and 7 days after a certain day). Considening that SM, precipitation and temperature belong to the
» cummlatrve state quantty, flux and instantaneous state quantity, respectively, in the caleulation process, the sequence of SM

of 1-day forward difference was nsed; at the same fime, the sequence of the difference between the maximum temperature

: and its 20th percentile threshold was also used, that 15, the relationship between the zbnormal amount of high temperature and

the daily vanation of SM was analyzed. It was found that the comelation coefficients between the daily vanation of SM and

the maximum temperature anomaly/precipitation under the 14-day window were the highest.
o

Az shown in Fiz. 5, at the beginning of stage I, the comrelation passes the significance test at (.05 level for Erva, but

£ not for Rpgy This indicates that the interaction between extreme high temperature and SM was significantly stronger than
. that between precipitation and SM. Thus, we can mfer that extreme high temperature played the main vole for CDHEE at

stage | However, all correlation coefficients increased significantly later, indicating that the local land-atmosphere interaction

2 strengthened Sioularly, Fpsw was significantly stronger than Fry-su at the begmming of stage IL suggestng that the land-
M atmosphere interaction was stimulated by precipitation deficit, which firther promoted the development of CDHEE. At stage
S I, both Fry-su and Rpsy passed the significance test at the beginning, they effect drought together Because extreme high
e temperaturs recaded, mteraction between extreme high temperature and Sh reduce, but precipitation was zero (7 days mn 14

days), makmg it hard to analyze Rpay m stage I Therefore, the triggers of the three stages denved from the lead-lag
- : comrelation coefficients are consistent with the previous section.
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Fig. 5 Bnmning comelation coefficient of precipitation (blue) and extrems high temperature (red) with SM differential in SWC.

Based on the analysis of the physical elements and the results of the nmning conelation coefficient above, combined
with the Liang-Kleeman mformation flow causal analysis method, the local land-atmoszphere interaction relationship m the

E. three stages 15 znalyzed. In the first stage, the information flow resulis (Tab.l Stage I} showed that there was a causal

relationship between temperature and SM in this stage, and both passed the 99% confidence test. That is, there 15 2 feedback

O relationship between the two. It 15 concluded from the above that high temperature was the trizzer for SM decline, and the
-5 results of mformation flow further showed that, a feedback relationship developed between the two due to the land-atmosphere
: interaction after high temperature triggers the decline of SM. The information flow results of the second stage showed (Tzb.1

Stage IT) that there was a "causal relationship” between SM and precipitation deficrt in this stage, and both passed the
confidence test of 99%, that is, there was a feedback relationship between the two. The information flow results of the third
stage showed (Tab.l Stage III) that there waz a "cansal relationship” between SM, precipitation deficit and high temperature

5 in this stage, and they all passed the confidence test of 99%, that is, there were two feedbacks in SM-precipitation and SM-

temperatura relationships. To sum up, after high temperature and precipitation deficit nzgered the dechne of SM, they
developed feedbacks due to land-atmosphere inferactions.

Tab.1 Lizng-Fleeman information flow analysis results fom thres stmzes

Stage I Stage II Stage III
SSMI Tmax Prec_a SSMI Tmax Prec_a S5MI Tmax Prec_a
53MI - 0.15 - - - .02 - 0.088 0.059
Tmax  0.713 - - - - - 0.362 - -
Prec_a - - - 0.13% - - 0.1 - -

Combining the rezults of phy=ical elements, cross comelanion coefficient, and Liang-Kleeman mformaton flow causal
analysis, the local land-atmosphere interaction proeess at different stages of the CDHEE 1= presented here. SWC has a special

50 seographical and climatic environment. It iz located at the junction of the tropics and subtropics, with sufficient solar radiation

and heat At the same fime, dry and wet seasons are very evident, and March-Tune belongs to pre-monsceon season. Dhimng

3 this penod, the SM state 13 conducive to the ocowrence and strengthenmg of land-atmoszphere couplmg and feedback.

Therefore, when the region 15 controlled by anticyclone, and water vapor fransport 1s negatively anomalous, the abnormal
precipifation or temperature will ingger the land-atmosphere feedback which can easily lead to CDHEE.

The mteraction process of the elements in the Stage I can be summanzed as follows: The precipitation deficit was not
obvious at this time, mdicating that the soil water shortage was not larze, and evaporation was controlled by selar radiation.

, Abnormal high temperature promoted soil evaporation ((Um Fig. 6), resulting in a decrease m SM. The decreasad SM reduced
— the evaporation, increazed sensible heat, and led to the merement of air temperature, which wall act on the soil agam This
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cycle between the atmosphere and the land promoted the formation of 3 CDHEE. From the and of March to the begmning of
April z short precipitation process ocowred to replenish SM, the temperature dropped, and the CDHEE was allsviated.

The interaction process of elements m the Stage II can be summanzed as follows: The precipitation deficit began to
intensify(Zin Fig. 6) , led to the imbalance of water budget, further drying the scil. The evaporation was limited by SM, and
the surface sensible heat increased sigmificantly. At that ime, femperature confinued to rise, which was condueive fo dry the
seil, and further inereased the temperature. Such a feedback continued, and promoted the development of CDHEE in the
second stage. There was precipitation at the end of Apnl and the compound event eazed; but the preciprtation was not large,
and the SM was still n a dry state, which affected the CDHEE in the third stage.

The mteraction process of elements in the Stage III 15 summanized as follows: The precipitahion defictt was the most
serious at this fime; the temperature also reached the highest; and the strength of land-atmosphere coupling was further
strengthensd The possible reason iz that, the SM could not be replenished due to the delay of the ramy season, and this was
on the basis of the dry soul n the previous stage. But the evaporation continued to consume the water, which mereased the

1 dryness of soil and intensified the land-atmosphere coupling. During the process, the temperature continued to nse and the

precipitation deficit aggravated (Ein Fig. 6), the two above-mentioned triggenng mechanizms made the interaction process
between the land and the atmosphere mtensified, and promoted the development and deteriorzfion of the CDHEE. In late May,
the precipitation mereased rapidly, replemizhing the SM, the temperature dropped, and the CDHEE began to alleviate. With
the advent of the ramy season in June, the CDHEE ended.
CDHEE Drav CDHEE End
Ry season
-’._._ precipitation .':'
"B X
a4 @
s
a
sMmT

Fig & Process of the three dewelopment stages of CDHEE determined by the decline of 55MI index SM refers to soil moistare; P refers to

- precipitstion; T refers to tenperanre; ET means svaporation (Jrange srmows are positive feedback, blue armows are negative feedback); 00, &),

(@ refer to Stage I, I and I of CDHEE.

To sam up, this CDHEE was formed through the land-atmesphere interaction mechamism of various positive and negative
feadbacks based on the high temperature and precipatation deficit in the sarly stage. At the same time, we found that thiz svent
was first iriggered by high temperature, and the impaet of high temperatare on SM was significant throughout the process. It
was not only an element parhicipating in the local process, but also an important mfluencing factor in the emironment.

3.Conclusions
From the perspactive of land-atmospheric interaction, thus paper discusses the influence of atmospheric and land surface
varizbles on the ocewrrence and development of the CDOHEE 1n SWC in 2019, reveals the role of each variable in the process.

9
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Felated conclusions are as follows:

The pre-meonscon seasen in 2019 is the most prone to CDHEE. At this ime, SWC became warmer gradually, and the
temperature kept nsng to the warmest penied, 1t was easy to oceur hot extreme event. Meanwhile, the unusual weak water
vapor transportation resulted in the delaved ramy seazon in SWC, the soil tended to be dry due to the broken water budget
caused by persistent precipitation deficit They enhanced the feedback mechanism between land and atmosphere, and
promoted the occmrence and development of CDHEE.

Durmg the CDHEE from March to June m 2019, the extreme high temperature perzsisted and only weakened dwrmg the
oecmrence of precipitation; the precipitation deficit was sigmaficant mn the Stage T & Stage I especially in the Stage 1T In
the Stage [ ugh temperature was the mzger for SM dechne, which firther caused land-atmozphere interactions. In the Stage
11, the precipitation deficit was the imzger for the dechne of SM. In the Stage ITI, both high temperature and precipitation
deficit are mggers, they causad 5M to decrease. In general m the three stages, the precipitanon deficit and the high
temperature rggered the decline of SM, which causad the land-atmosphere mterachon, and it finally led to the development

; of the CDHEE.

The SWC 15 located at the junction of the tropics and mabiropics, and there are sufficient solar radiation and heat, with

© distinet dry and wet seasons. Pre-monsoon is the transition periods from spring to summer and dry season to wet season. The
| SM status of relative drymess 13 conductive to the ocowrence and strengtheming of land-atmosphere couplng and feedback.

Therefore, the reduchion of water vapor fransport caused by cienlation conditions and anomalous anticyclone can lead to

' abnormal precipitation and temperature, which can trigger the land-atmosphere feedback mechamsm and lead to CDHEE

sasily. The CDHEE m 2019 was formed and developed rapidly through the land-atmosphere feedback mechanizm. We found

3 that this event was inggered by the mitial extreme high temperzture, and the impact of high temperature on SM was sigmficant
z throughout the process. It was not only an element parhcipating in the local process, but also an important mfluencing factor
-

in the environment.

There are still many problems that need to be explored in the smdy of the CDHEE. Furstly, the SM data used in this paper

Zo was from shallow soul, but the land-atmosphers mnteraction may not be linmted to the shallow s01l, and n order to more

) aceurately reflect the land-aimosphere feedback charactenisties, the deeper SM status can be considered. Secondly, soil
- evaporation 15 an important process connecting the atmosphere and the land surface. However, soil evaporation 15 affected by
: meteorological conditions and SM charactenishies. It 1= difficult to guantitatively deseribe the actual sedl evaperaton. This

also makes 1t more difficult to study the land-atmosphere coupling mechamzm of CDHEE. Than, due to the lomted temporal

resolution of the cwrent data such as WDVI and LAT (the lnghest temporal resolution 15 once every 8 days), this paper doez
‘: not consider the impact of vegetation on the CDHEE, but when the temperature is high in the early stage, the vegetation will
= grow rapidly and absorb a large amount of water from the sodl, which will directly promote the formation of the later CDHEE.
. In addition, vegetation can also indirectly promote the development of CDHEE by affecting precipitation (L1 et al., 2018;

Zhang et al, 2021).
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