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Abstract. Drought risk assessment is a vital part of drougt management, which plays an important rolerought
mitigation. Due to its complexity, drought risk dsfficult to define and challenging to quantitativeassess, as the
drought impacts associate with many social seclidris contribution method the issue by quantitagiwvaluating the
yield loss due to drought as a function of the dtduseverity indicator in Liaoning province, Chifa spring maize
using logarithmic regression. As crop water defisiessence to identify agricultural drought, iveleped a drought
severity indicator using the crop water stressfament and duration. The Agricultural Productiogsgms sIMulator
(APSIM) crop model was employed to simulate thengpmaize growth to obtain daily water deficit chgithe growth
period (May to September) and yield. The relatigndfetween drought severity frequency and yield Iegte due to
drought was established to assess the droughbfiskring maize when drought severity frequencgdsal to 20%,
10%, 5% and 2%. The results show that ChaoyangFamth have the highest drought risk in four levelsdrought
severity frequency whilst the lowest drought riskswidentified in Tieling. The central Liaoning phose has a
moderate drought risk. For a specific drought sgvérequency, drought risk increases from easivést in Liaoning
province whilst it varies in each city at differefrought severities. This method can predict yiets due to drought for
drought early warning. Drought risk maps presepéial characteristics that can help to agricultdraught mitigation

and the development of drought preparedness plaadming province.
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1 Introduction

Drought is slow-onset and one of the most widespneatural hazards. Drought impacts are nonstructamd the
occurrence of drought is associated with signifidarpacts in water resources, environment, eneagyg, human lives,
especially in agricultural production (Wilhite, ZBWVilhite and Pulwarty, 2018). These charactersstiake it particularly
challenging to quantify drought risk and captureugyht impacts. In China, the average annual yie$d due to drought
has increased from 4.35 million tons in the 195084.9 million tons in the early twenty-first cang (Lv, 2013). Drought
affected approximately 60% of the maize sown arednd 1990-2007, which resulted in a 20%-30% reidacin
production (Jia et al., 2012). The widespread arstlg nature of drought has naturally led to aerest in drought risk

assessment. Methods to quantify drought risk hetpsibn makers in drought risk management and ditonnitigation. It



also has a great significance in the theory andtige of quantitative drought risk assessment (Bath et al.,

2017;Botterill and Hayes, 2012).

To date, a number of previous studies have evaluatedrought risk of different regions and clinsaseross the world at
different spatial scales, most of which focus oricadfural drought risk (Xie et al., 2016). Agriduie is directly affected
by the occurrence of drought as it reliable on ipitation, temperature and evapotranspiration, twldan decrease the
soil moisture (Sruthi and Aslam, 2015). Agriculiudaought is defined as water deficit that advds@lant growth and
lead to a decrease in agricultural production (Meing 2000). Soil moisture, plant water deficit goldnt growth status
are critical indicators to identify agriculturaladrght. Sites-based, remote sensing-based and séuudata are wildly
used in agricultural drought monitoring (Liu et,&016). Sridhar et al. (2008) developed a droimytéx using observed
and modelled soil moisture to monitor agricultudabught in Nebraska. Dalezios et al. (2014) usedvigetation health
index, which is developed by temperature and napedldifference vegetation index and can refleopayrowth status,
to monitor agricultural drought. Most of the agtiowal drought indicators ignore the cumulative anfs of drought on
crops for a period of time. In this research, ancagfural drought severity indicator (DSI) was adished by the maize
water stress coefficient and duration during thézemgrowth period, that modelled by the crop modl is a direct

indicator to identify agricultural drought whichrgider the intensity and cumulative impacts of dtdu

From the natural disaster analysis theory, drouightis combination of the drought hazard and tbmerability of the
sectors (Parry et al., 2007). Drought risk assessindicators and factors are established to evaltree drought hazard
and vulnerability. He et al. (2013) analyzed theudyht hazard, exposure, vulnerability and droughkilience to develop a
composite drought risk assessment model, whichudieclstandardized precipitation index, irrigatioreitability and
seasonal crop water deficiency. Liu et al. (2018)adoped a composite drought risk indicator of maiging factors such
as drought occurrence frequency, agrometeorologicaight indicators, yield loss, drought affectedaaand exposure
rate of maize to assess the drought risk in Liagpirovince. Kim et al. (2015) used the drought iiskicator, developed
by frequency and severity of drought, irrigatedaarggricultural occupation and population densitys$sess the drought
risk in South Korea. This class of method is basedthe analysis of the drought risk theory, refterta variety of
multifaceted drought risk factors (such as freqyewsfcdrought, sown area, effective irrigated aré#gvertheless, factors
selected and the weight of factors are inevitalefdnined subjectively. The results of the drougdht assessment are not

comparable in different region.

Since drought impacts are symptoms of vulnerabilitican be used to estimate vulnerability (Blaukttal., 2015).
Bachmair et al. (2014) used correlation analysigxplore the link between drought indicators andught impacts in
Germany. Qualitative and long time series of impkath was collected to evaluate the performanaramfght indicators.
It emphasize on the occurrences of drought impaitteout considering impact severity, duration oatil extent. Petr et
al. (2014) evaluated the drought impact on yieldhofe major tree species using drought probadsliéind vulnerabilities
in Britain. Zhang (2004) explored the quantitatredationship between the crop yield loss due taudhd and historical
climate data to evaluate drought risk in SonglidairP It is a critical challenges to match the dybuevents and the
corresponding drought impacts. Lu et al. (2012)ettgyed an agriculture drought risk assessment mexied) information

diffusion theory in county unit in China. It colked drought disaster affected area and the dedreeop affected to



measure drought impacts. Potopova et al. (2019peegbthe drought impacts on crops yield in thed@zRepublic. Jia et
al. (2011) simulated the crop growth process uBRY{C crop model to explore the linkage between givindicator and
reduction in production. EPIC model is less sewsito crop yield during severe droughts, and itasgood at simulating
soil moisture while the crop suffers water stregs.et al. (2013) developed a relationship betweamsecutive rainless
days and crop loss to analyze drought risk in E&éha. Compared to the consecutive rainless dagp, water deficit

indicator is a prefer indicator to identify agritural drought.

Building on these previous efforts, this study atmslevelop a quantitative drought risk assessmethod for spring
maize in Liaoning province. Yield loss rate as ¢lieught impacts, which we interpret as a drougsk for four drought
severity frequency were analyzed (Blauhut et &l152Jia et al., 2011). The higher yield loss rated specific drought
severity frequency, the higher of the drought riske yield loss was simulated by Agricultural Protilen Systems
sIMulator (APSIM) model which was developed by thestralian Federal Organization of Sciences and@hbeensland
Government to simulate the processes of agriculgystems (Asseng et al., 1998). Compared to othep models,
APSIM focuses on simulating crop substance suppgth wn emphasis on the continuous simulation of sotrient
dynamics (Akponikpé et al., 2010). It is also a hagdstic model which is able to analyze soil watgnamics in arid
areas (Holzworth et al., 2014). It therefore hasdgaccuracy for crop water consumption and watersstcondition
(Gaydon et al., 2017). The application of APSIM bagn well documented in many countries and foiice wariety of
crops (Keating et al., 2003). In China, the abitfyAPSIM model to maize, wheat, alfalfa, soybead grassland in the
north, northeast, and southeast China has beefiedeaind has been used to explore the irrigatidreise optimization,
climate change impacts, carbon dioxide dynamics watér transport in soil-crop system(Chen et @03Liu et al.,

2012;Wang, 2007;Wei et al., 2015).

The result of research aim to provide guidancedimught management and enhance the ability of dtoogtigation.
Drought risk map can inform drought situation taiden makers and help to take drought mitigatictioas. Specifically,
it aims to assess the agricultural drought riskcéigeto spring maize in Liaoning province, whiclarc provides a

methodology for application for other regions ofi@h(and other countries).

2 Materialsand M ethods

2.1 Study Area

Located in northeast China (shown in Figure 1)phiag province, composed of 14 cities, is an impairbase of high
quality spring maize which occupies a large praparin total maize production and planting are&hina (Dong et al.,
2015). In 2016, the spring maize sown area was9Znailion hectares, most of which are rain-fed @tal., 2014), with a

total maize yield of 14.66 million tons (LiaoningdRince Bureau of Statistical, 2017).

Liaoning province is located in the semi-humid e®mi-arid transition zone. Affected by the monsatimate, the
temperature and precipitation distribution is umewmth spatially and temporally. The annual aversgeperature is

between 7-11 °C. The highest temperature is 30istthe lowest temperature is minus 30 °C.

The average annual precipitation is 550-630mm, &0fkb-70% of the precipitation falls during summenn@-August)



(Chen et al., 2016). Average annual precipitatienrdase from east to west in Liaoning province. @bherage annual
precipitation in the eastern Liaoning is over 100@; in the western areas, the average annual jeg@p is less than
500 mm, which is the lowest in Liaoning Provincadan the central Liaoning province, the annualrage precipitation

is about 600 mm.
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Figure1: Thedistribution of meteorological stations and precipitation in Liaoning province, China.

Due to these characteristics, drought occurrecugetly in Liaoning province, especially in westaneas. Drought occurs
more frequent in spring, accounting for more th@#o7of the total drought events between 1990 and Z8Ln et al.,
2012b). From 2000 to 2016, average annual yields due to drought is 1.89 million tons. Average uahrdirect
economic losses in agriculture is 4.8 billion yward 2.1 million people had temporary difficulty aecessing drinking
water due to drought. From the report of the offi€&tate Flood Control and Drought Relief Headtprar recent severe
droughts occurred in 2000, 2001, 2007 and 200%tieg in a disastrous impacts in agricultural proton, economic

losses and water supply systems (Zhang, 2009).

2. 2 Data

1. Meteorological data

Daily meteorological data, daily precipitation, mimnum temperature, maximum temperature, wind speeldtive
humidity and sunshine hours were collected for piegiod 1961-2013 from China Meteorological Admirasion
(http://data.cma.cn/). Considering the data qualitgt period of time series, location of statiorsgador 14 meteorological
stations (shown in Figure 1) in Liaoning provincere/selected from the China Meteorological Admiaistn (e.g. one in
each city). The Penman-Monteith method was employericulate the surface radiation and potentiapetranspiration

to drive the APSIM model (Monteith, 1965;Schrieaéf 2011).

2. Soil properties data



One major soil type in each city was selected fodeh simulation. Soil water characteristics, butksity, and pH in each
layer of the soil, were collected from the Chinasd species for 14 cites in Liaoning province (Naal Soil Census
Office, 1993) and reference (Zhou et al., 2015)e Tritial relative soil moisture is 80% in each retithg to meet the
maize demand at early stage. Take the Jinzhou a&sxamnple, water characteristics of the major sgietare shown in

Table 1.

Table 1 Sail propertiesin Jinzhou, one of city in Liaoning province

Depth Bulk Density Lower limit Drained Upper Saturated Water Content
(cm) (g/cc) (mm/mm) Limit (mm/mm) (mm/mm)
0-10 1.41 0.08 0.24 0.33
10-20 1.39 0.09 0.25 0.34
20-30 1.43 0.08 0.23 0.32
30-50 1.43 0.07 0.23 0.32
50-70 1.45 0.07 0.23 0.32
70-90 1.45 0.07 0.22 0.30
90-110 1.47 0.07 0.22 0.30
110-130 1.47 0.06 0.21 0.29
130-150 1.52 0.06 0.21 0.29
150-170 1.55 0.06 0.21 0.29

3. Crop and filed management data

The agrometeorological and crop growth data aremkes in the national agrometeorological statiohiclv measures the
crop growth status and field management schemea Wamalized of reports annually. These data threnfed up to the
China Meteorological Administration. In this resglarfield management scheme, phenology, yield stra@and biomass
accumulation, for 10 agricultural stations werelexkd from the China Meteorological Administratidaring 1996 to

2012. Biomass accumulation was measured at 6 eiffegrowth period, which was only available in bioa. Stations in
Panjin, Dandong and Fushun measured rice’s growtingl 1996 to 2012 and there is no nation agronmetegical

station in Huludao. Then, maize yield data werdectéd from Liaoning province Statistical Yearbahking 1996-2012

in Panjin, Dandong, Fushun and Huludao (Liaoningviice Bureau of Statistical, 2017).

The spring maize growth period is divided into 18ges, sowing, emergence, third leaf, seventh jeiating, tasseling,
flowering, silking, milk and maturity. The numbeirdays from sowing to flowering and sowing to méjuare applied to
model calibration and validation. In 2011, phenglagd stages for spring maize in Jinzhou are shawmable 2. Spring
maize was sowed of®May and matured on #6September. Yield structure was measured beforsiglogical maturity.
Table 3 displays the yield structure of spring radr the agrometeorological station in Jinzhoue TBO-grain weight of

maize was 36.83g and theoretical yield was 1119r79g

Table 2 Phenology of maizein Jinzhou in 2011

eventh
Stages Sowing  Emergence  Third IeafI " Jointing Tasseling  Flowering Silking Milk maturity
ea

Date FMay 18"May 2F'May 5"June  28June  18July  2FfJuly  2290uly  18"Aug. 26" Sep.




Table3Yidd structure of maizein Jinzhou in 2011

Yield Stem Ear Ear Grain weight 100-grain Theoretical Stem weight Grain and
Structure  diameter  length diameter per plant weight yield stem ratio
Value 28mm 31lcm 6.1cm 202.43g 36.83¢g 1070.8g/m 1119.8g/M 0.96

2.3 APSIM Model

The APSIM model simulates the growth of maize cioma daily time-step. It is a dynamic model thatliges crop
module, soil module and field management moduleqiMa al., 2015). The crop module of APSIM domisatiee key
physiological processes, including phenology, ordevelopment, nutrient dynamic, water balance, b&sraccumulation

and senescence.

Due to the different sowing date and field managamnseheme every year in every cities, in orderinapify the model
simulation, APSIM model was set up with the sameisg parameter (e.g. sowing date, sowing densitysowing depth)
and field management scheme (e.g. fertilizatiomindgu1961-2013 in Liaoning province. Field managatnmeasures,
such as sowing and fertilization scheme, are pteisefiable 4. Most part of the maize sown area i@ohing were
rain-fed area then the irrigation module is nofude in the simulation and fertilization is suféiat to meet the maize’s
demand. It assumes that the maize yield was ofdgtefl by weather before and during the growthagkin this research.
Other factors, such as technological progressastucture improvement and insects are not taken dansideration
(Hong and Wilhite, 2004). In the maize module, fegiod of each growth stage is dominated by theiractation of
thermal time and is adjusted by other factors, saghight photoperiod and nitrogen, which vary vilie growth stages.

Yield is associate with two parameters, maximum bemof kernel per head and grain filling rate (Asget al., 2002).

Table 4 Field management measuresin 14 cities during 1961-2013

Parameter Value

Initial relative soil moisture 80%

Sowing date 1 May
Sowing density 8 plants/m

Row spacing 50cm

Fertilization date $May 22" June
Fertilization Fertilization amount  150kg/ha  350kg/ha

Fertilization type Urea_N Urea_N

Note: Urea_N means weight of nitrogen in urea.

The soil water module which is belong to the soibbdule is a water balance model with daily basise Water
characteristics of the soil are specified in terofighe lower limit, drained upper limit and sat@@twater content

(http://www.apsim.info/). Soil water stress arectddted to simulate the effects of water stressliffarent maize growth




processes. Soil water stress ratio is calculateditiging actual soil water available by the poiahsoil water supply

which is calculated by the difference between loliveit and drained upper limit.

SWSR =(SW -LL,)/(DUL, -LL) (1)
WhereSWSR; is soil water stress ratio in the layeSW, is the soil water in the layér LL; andDUL; are the lower limit
and the drained upper limit in the layaespectively.

This ratio is used to derive the stress factorsplootosynthesis, phenology and leaf-expansion éacting different
sensitivity to water stress (Muchow, 1989). Thezeavater stress coefficient in the leaf expanstoadual to soil water
stress ratio, which is the most sensitive growtbcpss to water stress for maize. In this reseamap water stress

coefficient in leaf expansion of maize is useddpresent the daily water stress during maize grgettod.

2.4 Mod€l Calibration and Validation

In this study, APSIM model was developed in citytuiaize yield, phenology and biomass accumulatoa used to
calibrate and validate the parameter of APSIM. xhteng 1996 to 2005 were used to calibrate the ehashilst data
during 2006-2012 were applied for model validatidfter parameterizing the model, it was used tousate the water
deficit during spring maize growth period and thepact of drought on maize yield. Parameters welibrated for

different maize varieties, including the thermahei of growth stages, photoperiod slope, graimfjllrate and maximum

number of kernels.

The following statistics are used to evaluate tafgymance of the APSIM model in each city. Rootamequare error
(RMSE, Equation 2) and normalized root mean sqearer (NRMSE, Equation 3) reflects the differenagvizen the
simulated and measured values, where lower vahdisaite less residual variance. The coefficiendetermination (R?,
Equation 4) reflects the consistency between thmulsited value and the measured value which is liteercto 1, the

higher consistency.

>@-8)
N
RMSE

RMSE = 2

NRMSE =

®)

(Q-0)(§-S)
RZ :( Z — — )2
V2@ -7 (5 -5 @

Where S, is the simulated value©, is the measured valug) is the average of the measured valusgs;is the

average simulated value;is the number of samples.

2.5 Drought Severity Indicator

The intensity and duration of water stress of maizeing the growth period are the two direct fastéo identify
agricultural drought. They are therefore used teellgp the drought severity indicator (DSI, Equat®n which directly

reflects agricultural drought during the maize gttoyeriod.



Zn:(l—WS)—minDSI

DS, = . 5)
maxDS — minDS

WhereDSl; is the drought severity indicator of thetation in yeay, WS is the maize water stress coefficient for day

is the number of water stress days during growtiogemaXDS and mibS is the maximum and minimum values of

Z (1-WS,) for all years at all stations respectively.
i=1

The calculation of drought severity frequency isifar to the flood frequency. It is related to ttedurn periods of the
drought, for example, the frequency of a droughhwD-year return period is 2%. It is calculateddadi®ws:

m

P(X = x(m)) = 1

x100% (6)

Where X isthe annuaDS, X(m) is them-th largest value oX; andn is the total number of years.

2.6 Yield Loss due to drought

Since it assumes maize yield was only affected bgther, the difference between potential yield sintlilated yield is
used as yield loss due to drought (ignore the impiftooding). There are several methods to caltmuthe potential yield.
Automatic irrigation can be applied in the APSIM aady that is, if water stress occurs, the model aitomatically
irrigate to meet the crop’s water demand. Simulateddze yield without water stress can present pistepield. The
second method is to select a typical year withlaodf and no drought occurred in this year, andipitation is suitable
for maize growth. The simulated yield of typicalyés used as potential yield. The third methodalke the average of
daily meteorological data to drive the crop modekimulate the potential yield. In this researctaximum simulated

yield during 1961-2013 was selected as potentitlyiThe yield loss rate due to drought is caledas follows:
Y. -Y.
Ross = —mY : @)

m

WhereR, is the yield loss rate due to droughf;is potential yield; andf; is simulated yield in each year.

3. Reaults

3.1 APSIM Model Calibration and Validation

The evaluation results of the model for yield dgrk996 to 2005 are shown in Table 5. THeoReach city is over 0.6 in
Liaoning province. The highestRvere identified in Anshan and Jinzhou, whefeaRre 0.89 and 0.87, respectively. The
average NRMSE of yield is 13.5%, and the highesMS$IE occurred in Fuxin and Huludao. The NRMSE ofrecity is
less than 30% in Liaoning province. These resultigcate that APSIM model is satisfactory in simulgtspring maize in

Liaoning province.

Table5 The model evaluation resultsin Liaoning province

City NRMSE (%) R City NRMSE(%) R




Shenyang 10.1 0.79 Yingkou 10.2 0.62
Dalian 12.7 0.81 Fuxin 22.3 0.85
Anshan 8.1 0.89 Liaoyang 11.2 0.66
Fushun 15.3 0.74 Panjin 9.2 0.75
Benxi 9.8 0.73 Tieling 14.4 0.69
Dandong 8.7 0.80 Chaoyang 20.1 0.85
Jinzhou 13.1 0.87 Huludao 234 0.70

Simulated yield from the APSIM model and the meady(or statistical) yield during 1996-2005 in 14ies of Liaoning
are displayed in Figure 2. The results shows tmatstmulated yield basically falls near the 1:EJivhich illustrates that
there is a high consistency between simulated yirttimeasured (or statistical) yield. APSIM modesd b good ability to

simulate the maize yield in Liaoning province.
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Figure 2: Simulated yield and measured (or statistical) yield during 1996-2005 in 14 cities of Liaoning province



APSIM was calibrated for the local field conditioasd cultivars in city unit based on the availatd¢a from 2001-2012,
which means that there was a set of parameterratitih result in each city of Liaoning province. rSalering the
availability of maize biomass accumulation data éimel R of the measured yield and simulated yield, Jinzhas
therefore selected to further demonstrate APSIM atisdperformance. The model parameter calibratiesults for

Jinzhou are presented in Table 5.

Table5 Calibration results of spring maizein Jinzhou

Parameter Description Value

Number of days from the end juvenile to
est_days_endjuv_to_init 20
initial flowering (d)

Thermal time from emergence to end

tt_emerg_to_endjuv 160
Growth juvenile ()
Stages Thermal time from flowering to end
tt_flower_to_maturity _ 850
parameters maturity (1)
photoperiod_crit Light photoperiod (h) 9.8
Thermal time from flowering to stagrain
tt flower_to_start _grain 80
(0)
Maximum number of corns per plant
Yield head_grain_no_max 450
(kernel/head)
structural
grain_gth_rate Grain filling rate(mg/grain/day) 59.

Measured phenology (number of days from sowindawdring and maturity) and the corresponding siagdghenology
during 2010-2012 in Jinzhou are displayed in Figiir&éhe measured average number of days from sawifigwering is

78 days, whilst the average number of days of mgimeith period is 137 days. The average error batwaeasured and
simulated number of days from sowing to floweriagi4 days, whilst the average error of the sinadlatumber of days

from sowing to maturity is 6.6 days during 2010-201 Jinzhou.
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Figure 3: Phenology during 2010-2012 in Jinzhou  Figure 4: Comparison of biomassin 2011 in Jinzhou



The measured biomass accumulation in 2011 in Jinhehown in Figure 4. The average relative eofadhe simulated
biomass accumulation is 6.8% with the measured &gsraccumulation at six growth period. The modkdiaaon results
elucidate that the APSIM model has good performdaceimulating spring maize in Jinzhou, as wellodiser cities in

Liaoning province.

3.2 TheLinkage between Yield Lossrate and Drought Severity Frequency

Maize vyield loss due to drought was calculatedaichecity of Liaoning province from 1961 to 2013 eTiesults show that
the annual average yield loss of maize in Liaommvince during 1961-2013 is 2236 kg/ha. The mesbsis yield loss
occurred in Chaoyang and Fuxin that both locatesdst Liaoning province, with yield loss of 3900tk and 3412 kg/ha
per year, respectively. There is little drought &mpon yield in northern part of Liaoning provinespecially in Tieling,
which has a 427 kg/ha yield reduction per yeartthkn central and south part of Liaoning Provincerehis a moderate

severity of drought impact on maize yield.
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Figure5: Simulated average annual yield loss due to drought during 1961-2013

The results of the model show that sum of dailyzmavater stress coefficient in each year is abowel@aoning province,
which illustrates that even in years with adequmeipitation, soil water supply may not meet th@za demand every
day. The relationship between maize yield loss eatd DSI frequency was developed to assess thegylaraisk in

Liaoning province in four different DSI frequen@wkls (20%, 10%, 5% and 2%). Since the droughtisiskcombination
of drought hazard and vulnerability (yield losseras used as an index to evaluate vulnerability, hore severe of

drought impact on yield loss for a specific DSiguency, the higher of drought risk.

Figure 6 presents the linkage between yield logsaad DSI frequency in 14 cities of Liaoning. Thgarithmic function
was employed to describe the linkage and thefRill cities was greater than 0.6, indicatingt tife function satisfactorily
well in explaining the relationship between DSiguency and yield loss rate due to drought in Liagrprovince. From a
visual inspection, it can be found that yield loate in Tieling is least sensitive to DSI frequenehilst yield loss rate in

Chaoyang and Fuxin are most sensitive to DSI freque
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Figure 6: Linkage between DSI frequency and yield lossrate in 14 cities of Liaoning province

The fitted logarithmic function in each city was @oyed to calculate the yield loss rate (as amirfde drought risk) in
four drought severity frequency, 20%, 10%, 5% a®%a Prought risk was identified in four grades arablé 6 presents
the threshold of yield loss rate at each gradeour flifferent DSI frequency. The thresholds areyviar four drought
severity levels, the more severe of drought thédrighresholds of the yield loss rate.

Table 6 Threshold of yield lossrate (r) grades at four different DSI frequency

Drought risk grades 20% 10% 5% 2%
0 r<15% r<20% r<30% r<40%
0 15%<r<20% 20%r<30% 30%r<40% 40%r<50%
0 20%<r<25% 30%r<40% 40%r<50% 50%r<60%
0 25%=r 40%<r 50%xr 60%<r

The yield loss rate of maize in different citiesttwthe DSI frequency at 20%, 10%, 5% and 2% is showFigure 7.
There is a higher drought risk in western Liaonprgvince than the east. The highest drought riskevigentified in
Chaoyang and Fuxin in four DSI frequency levelghbocated in the west of Liaoning province, whils¢ lowest drought

risk is identified in Tieling in different drouglseverities frequency. Drought risk varies for ebslels of DSI frequency



(20%, 10%, 5% and 2%) in central Liaoning provinGenerally, there is a moderate drought risk irtre¢of Liaoning
province. When DSI frequency is 20%, there is ehéigdrought risk in Dandong, Dalian and Anshan tbthver DSI
frequency levels. A higher drought risk is idemifiin Yingkou when DSI is 2% compared to other dghdurequency
levels. Drought risk varies from different DSI frexpcy in Shenyang, Dandong, Yingkou and Dalian.eGaly, drought
risk decreased from west to east in Liaoning prowirDrought risk distribution for spring maize isnsistent with the

simulated average yield loss due to drought in hiag province.
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Figure 7: Yield lossrate of maize at four DSI frequency (20%, 10%, 5% and 2%) in Liaoning province

4. Discussion

Based on multiple source data: meteorological datal, properties, maize growth process data antil fie
management scheme, this study developed a quamtitaethod for drought risk assessment for spriizenin
Liaoning province. Drought severity indicator waesvdloped to identify the agricultural drought whimtnsiders
both agricultural drought intensity and duratiolP$M model, which has a good ability in simulatingter
dynamic and crop water stress was applied to sientitee maize water stress and yield in Liaoningipice (Song

et al., 2010). APSIM model is driven by daily metdogical data to simulate maize growth and dailypcwater



stress while some other studies are based on modtib during the growing season (Dennett and Elsto
1980;Luo et al., 1994;Sun et al., 2012a) that igddaihe water stress events less than a month. Howaew
days of water stress in critical growth stageslead to a serious yield loss. Water stress of mdizeng growth
period is a vital index to identify agriculturalalrght, whilst yield loss directly response to agjtieral drought
impact. Therefore, these two factors were seletdesiccess agricultural drought risk specific toirgpmaize in

Liaoning province.

The relationship between yield loss rate and D8tdency was established to evaluate the drougktimis
Liaoning province. There is a higher drought riskniestern Liaoning province than the eastern &@eme of the
drought risk assessment results are consistentSiigm et al. (2012), they found that there is epgemaize yield
loss in western Liaoning province and the probgbdf the occurrence for severe drought or extrgndebught is
more than 45% in western Liaoning province. 30%hef sites with high-risk in Liaoning Province arainly

distributed in western Liaoning.

The above results are also in general agreemehtDéh et al. (2011). Their results shows that eadt@oning
province has a lower drought risk than western dnodight risk increase from the east to the westamg et al.
(2015), their study focus on specific growth stagkmaize and found that high drought risk are fiiea in the

western part of Liaoning.

In eastern Liaoning, the rain-fed maize is lesedéfd by drought, since it has more precipitatiomgared to the
western region. Chaoyang and Fuxin have less ptatgm than other cities with an average annuatimitation
only 450mm-550mm, which can’t meet the water demafnspring maize. Additional, per capita water t@ses
of Chaoyang and Fuxin is less than 500 imdicted there is a serious water resource shestéBan et al., 2010).
In Tieling, the per capita water resources is 850 imis even higher than the per capita water resesiin
Liaoning province (Gong and Ning, 2009). The metémgical drought index (ratio of annual water soefa
evaporation to annual rainfall) gradually increas$esn east to west. The meteorological drought xnde
Chaoyang and Fuxin is more than 2.0, which mak#éitmost serious drought region in Liaoning proeif\ang

et al., 2014).

The climate, land surface conditions and naturairenment result in a higher agricultural drougigkrin the
western Liaoning province than the east. Accordimdhe historical drought record, drought mostluws in
spring in the western Liaoning province which haggaous impact on spring maize growth since wslertage at
the seedling stage of maize can easily lead toceedse in yield (Liang et al., 2008). Drought riskelated not
only to climatic factors but also to conditionstbé surface cover (Zhang, 2004). Parts of areaestavn Liaoning
province is covered with hilly and mountainous, véhthe soil is barren, soil erosion and soil défszation occur

frequently. It result in thadrought occurred more easilywestern Liaoning province.



5. Conclusion

Drought impact on maize yield in four drought séyelevels were interpret as agricultural drougiskrin this
research which is involve to the definition thabuight risk is a combination of drought hazard aabherability.
The APSIM model was applied to simulate maize ylekbk due to drought. Calibration and validatioovghhat
APSIM model satisfactorily well to simulate springize yield in Liaoning province, with?Rf all 14 cities were
greater than 0.6. The result shows that thereserimus agricultural drought impact on maize yield_iaoning
province, with an average annual simulated yiekb Iduring 1961-2013 of 2236 kg/ha, especially imdang
and Fuxin, which are both located in western Liagniwith annual average yield loss of 3900 kg/hd 3412
kg/ha respectively. There is little drought impact yield in Tieling, which is located in the northeliaoning

province.

Drought severity indicator was developed with maimger stress coefficient and duration, which dlyeceflect
agricultural drought. The relationship between Br@bguency and yield loss rate was established pdoex the
drought risk in 14 cities in Liaoning province. Thmgarithmic function was established to explaitatienship
between DSI frequency and yield loss rate. TReoRall 14 cities were greater than 0.6, elucidgtthat the
function can explain the linkage well. Drought rislaps shows that the western Liaoning provinceahbgher
drought risk than the east. Drought risk varieslifferent DSI frequency levels in central region lodoning
province. Chaoyang and Fuxin have the highest drorigk in four DSI frequency levels, while Tielidas the
lowest risk in four DSI frequency. A higher drougisk was identified in Yingkou when DSI frequensy2% than
other drought severity levels. There is a modedrtmught risk in central Liaoning province. Drougtisk
decreased from west to east in four DSI frequentych is similar with the distribution of simulatedeld loss

due to drought during 1961-2013 in Liaoning proenc

With the same fertilization and sowing scheme, thsearch assumed drought is the only factor afigehaize
yield. However, maize yield was affected by muighctors, flooding, pests and other diseases &id fias
increased in the past decades because of the teglua progress, fertilizer application and otHactors.
Actually, for farmers, the sowing date and feréition scheme of maize changes every year in eégchlwe to the
weather condition. Sum of the daily crop watersstrim each year was applied to calculate DSl nibiig the fact
that different growth stages of maize have diffesEmsitivity to water stress. For example, thaudht impact on
yield of water stress occurred in emergence iggifit when the same severity of water stress amtumrsilking.
One major soil type is selected in each city, Ibutoesn’t match the soil type at the agrometeoiotdgstation.

More experiment need to be done to measure sailataigrometeorological station in the further gtud
Since the main crop in Liaoning province is raid-faaize, agricultural technology measures, sucinfbiting
evaporation, maintaining water, and improving watse efficiency, can be taken to improve droughtlience.

This methods able to predict maize yield loss due to droughtdmrught early warning and can provides guidance



for drought preparedness, drought relief mate@ditscation and drought mitigation plans for deaisimakers. It
also provides information for the optimization onélustrial planting structures for farmers, andicaltinformation
for drought insurance premiums and subsidies. S&R8IM model has applicability in many countriesidar a
wide variety of crops and similar data can be obdld in other regions, this methodology can be ld@es and

expand to other regions in China (and other cosgjtie
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