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Abstract. Drought is an inherent meteorological characteristic of any given region, but is particularly important
in China due to its monsoon climate and the “three ladder” landform system. The Chinese government has
constructed large-scale water conservation projects since 1949, and developed drought and water scarcity relief
frameworks. However, drought still causes huge impacts on water supply, environment and agriculture. China
has, therefore, created specialized agencies for drought management called Flood Control and Drought Relief
Headquarters, which include four different levels: state, provincial, municipal and county. The impact datasets
they collect provide an effective resource for drought vulnerability assessment, and provide validation options for
hydro-meteorological indices used in risk assessment and drought monitoring. In this study, we use the statistical
drought impact data collected by the Liaoning province Drought Relief Headquarter and meteorological drought
indices (Standardized Precipitation Index, SPI and Standard Precipitation Evaporation Index, SPEI) to explore
a potential relationship between drought impacts and these indices. The results show that SPI-24 and SPEI-
24 are highly correlated to the populations that have difficulties in obtaining drinking water in four out of the
six cities studied. Three impacts related to reservoirs and the availability of drinking water for humans and
livestock exhibit strong correlations with SPI and SPEI of different accumulated periods. Results reveal that
meteorological indices used for drought monitoring and early warning in China can be effectively linked to
drought impacts. Further work is exploring how this information can be used to optimize drought monitoring
and risk assessment in the whole Liaoning province and elsewhere in China.

1 Introduction !

South distribution, ranging from 320 mmyr~" in the north-
ern river systems (i.e., China north of the Yangtze River) to

Drought is an inherent meteorological characteristic of any 1200mmyr~! in the southern river systems (Quinn et al.,

given region, but is particularly important in China due to
monsoon climate and “three ladder” landform system. In
China, the uneven distribution of water resources and large
population load results in issues of water scarcity and re-
curring unpredictable drought events in many regions. Water
scarcity issues are exacerbated by physio-geographic condi-
tions, including the fact that the South has 69 % of available
water supplies, while the North contains 64 % of arable land
for agriculture. Rainfall distribution follows the same North-

2014). Although there have been massive efforts to transfer
water from the South to the North in recent years, the North-
ern provinces have experienced drought problems due to low
rainfall and huge water consumption.

The Chinese government has constructed large-scale water
conservancy projects since the People’s Republic of China
was established in 1949, and has developed drought and wa-
ter scarcity relief frameworks. In general, people no longer
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die as a result of drought in China and those affected will re-
ceive relief from the government, such as free drinking wa-
ter delivery service from drought relief service teams. Al-
though many efforts have been made by the government,
drought still causes huge impacts on water supply, agricul-
ture and ecological environment (e.g. Huang et al., 2013; Li,
1995). According to the official statistics (State Flood Con-
trol and Drought Relief Headquarters of Ministry of Water
Resources, 2017), there have been 33 extreme severe drought
disasters in China since 1949. The most critical drought dis-
aster occurred in 2000 when two thirds of China was affected
and crop yield loss reached to 60 billion kilograms — about
12 % of national total crop yield in that year, costing around
CNY 51 billion (EUR 6.8 billion). About 28 million of the
rural population and 17 million large cattle had temporary
drinking water difficulties, while 620 towns had water sup-
ply shortages and 26.4 million of the urban population were
affected by this disaster (State Flood Control and Drought
Relief Headquarters of Ministry of Water Resources, 2017).
On average, every year drought occurs in different areas in
China and the drought disaster has caused millions of dollars
of economic losses. The Chinese government therefore pays
close attention to drought disaster reduction and has created
specialized agencies for drought management called Flood
Control and Drought Relief Headquarters (FCDRHs), which
include four different levels: state, provincial, municipal and
county.

The FCDRHs at various levels are responsible for drought
relief planning work, taking early action risk reduction and
mitigation measures based on predictions, delivering drought
early warning, making decisions for drought emergency plan,
and drought impact assessment etc. The state FCDRH shall
be responsible for organizing and leading the work of na-
tionwide drought management. Local FCDRH at provin-
cial/municipal/county level shall be responsible for organiz-
ing and directing the drought management work within their
jurisdiction. This “top to bottom” drought management sys-
tem enables complete drought impact statistics to be col-
lected. The impact datasets they collect provide an effective
resource for drought vulnerability assessment, and provide
opportunities to validate hydro-meteorological indices used
in risk assessment and drought monitoring.

Hydrological and meteorological characterization of
drought is well-known but there is a lack of knowledge on
impacts (Bachmair et al., 2016a). Observed impacts reflect
the real situation of a drought disaster on the ground and
are key to understand baseline vulnerability. Bachmair et
al. (2016a) point out that drought indices are proliferating,
but they don’t consider whether the indices represent the lo-
cal drought conditions. Bachmair et al. (2015, 2016b) pro-
vide a quantitative analysis to objectively appraise drought
indices and model European drought impacts. Compared
with European drought impact data, which are collected from
range of sources (Stahl et al., 2016), Chinese drought impact
data are collected more systematically and are more com-
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Table 1. Drought impact indices and their abbreviations.

Drought impact indices Abbreviation
Total area of crops that have been Impact-1
affected by drought

Area of crops that have been affected by ~ Impact-2
light drought

Area of crops that have been affected by =~ Impact-3
severe drought

Area of crops that have been affected by ~ Impact-4
extreme drought

Agriculture water deficit Total area Impact-5
Paddy fields water deficit area Impact-6
Dry land water deficit area Impact-7
Populations that have difficulties in Impact-8
drinking water

The number of Livestock that have Impact-9
difficulties in drinking water

The number of reservoirs that have Impact-10
dried up

The number of well in water shortage Impact-11

prehensive, which can be attributed to the “top to bottom”
drought management system. In some areas, these data have
been collected since 1972, and have been collected nation-
ally from 1990. Eleven indices (Table 1) used to describe the
drought impacts are counted every ten days and then gathered
in the drought reporting system. These impact datasets offer
huge potential for studying vulnerability and for evaluating
indices in a way that is rarely possible elsewhere.

This paper aims to understand the correlations between
drought indices and impacts based on the Liaoning sys-
tematic statistical drought impact data. We use the statisti-
cal drought impact data collected by the Liaoning province
Drought Relief Headquarters and meteorological drought in-
dices SPI/SPEI, to explore the potential relationship between
drought impacts and these indices.

2 Methods and Data

2.1 Study Area

The study area is located at the northwest part of the Liaon-
ing province, including six cities, Chaoyang, Fuxin, Hulu-
dao, Jinzhou, Shenyang and Tieling, with a total area of
76 8000 km? and a population of 22 million people. Figure 1
shows the six cities in the study area and the locations of
the selected meteorological stations. Northwest part of the
Liaoning province is the typical severe drought area of China.
Annual average precipitation is about 400 mm, much lower
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than the provincial average of 680 mm, and it has the least
rainfall in the Liaoning province. The water surface evap-
oration capacity reaches to 1000—1300 mm yr~!. Therefore,
there are high water deficits in this area and it is the most fre-
quent drought affected area in the Liaoning Province. Spring
drought is the main drought type, occupying 30 %—65 % of
drought events, followed by the spring—summer continuous
drought.

2.2 Data

There were two main types of data used in this research:
meteorological data and drought impact data. Meteorologi-
cal data were used to calculate the drought indices SPI and
SPEI, while the drought impact data were used to calcu-
late the drought impact indices. Six cities in the Liaoning
province were included in this study, and one meteorologi-
cal station was selected in each city to calculate the SPI and
SPEI (shown on Fig. 1). These six stations had more than
60 years observed daily data from 1950 to 2016. We used
these daily data to calculate the SPI with accumulation peri-
ods of 1-12, 15, 18, 21, 24 and 36 months, and 1-12 and
24 months for SPEI. The SPI and SPEI are valid indices
of drought monitoring and have been widely recognized in-
ternationally. They are easier to be calculated than Palmer
Drought Severity Index as they have few data requirements.
In this study, we calculated SPI and SPEI of different accu-
mulation periods. The SPI and SPEI were computed using
the standardized Drought Analysis Toolbox Package devel-
oped by IWHR Drought Mitigation Research Team.

Drought impact data from 1999 to 2016 were from the
Liaoning Province drought statistics reporting system. They
were counted every ten days by the county FCDRH, and then
reported to higher level FCDRH before being gathered in
the State FCDRH. In this study, we employ the arithmetic
mean method to transfer them into average monthly data con-
stituent with the time scale of SPI and SPEI. Eleven drought
impact indices are chosen and listed at Table 1. SPT and SPEI
data from 1999 to 2016 were selected corresponding to the
available impact data.

2.3 Correlation Analysis

Spearman correlations were undertaken to explore the rela-
tionship between SPI and SPEI of different accumulation pe-
riods and the eleven drought impact indices (Table 1). The
correlation strength is defined as follows: 0-0.1 (no correla-
tion), 0.1-0.3 (weak), 0.3-0.6 (moderate), 0.6-0.9 (strong)
and 0.9—1 (very strong) (Bachmair et al., 2016b).

3 Results
For the six cities, most accumulations periods of SPI and

SPEI showed negative correlations with drought impact in-
dices, and the stronger correlations occurring for longer time
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Table 2. Spearman correlation coefficients between drought impact
indices in Table 1 to SPI and SPEI with different accumulation pe-
riods.

City Name Indices Impact-8 Impact-9
Fuxin SPI-21 —0.623 —0.667
SPI-24 —0.698 —0.794
SPEI-24 —0.63 —0.761
Huludao Indices Impact-8
SPI-24 —0.612
SPEI-24 —0.624
Jinzhou Indices Impact-8  Impact-10
SPI-24 —0.631
SPEI-24 —0.67 —0.679
Shenyang  Indices Impact-4 Impact-8
SPI-4 —0.615
SPEI-24 —0.633
Tieling Indices Impact-8
SPEI-8 —0.625

scales of SPI and SPEI, such as SPI-21, SPI-24, SPI-36, and
SPEI-24 (Figs. 2-3). In contrast, Tieling exhibited more neg-
ative correlations around SPEI of 7 or 8 months (Fig. 3).

Table 2 showed the Spearman correlation coefficients be-
tween drought impact indices to SPI and SPEI of different ac-
cumulation periods. Five of the cities studied showed strong
negative correlations between impact indices and SPI/SPEI
except Chaoyang (Table 2). Four of the six cities indicated
that SPI-24 and SPEI-24 were highly correlated to the popu-
lations that had difficulties in drinking water (Impact-8). The
other two impact indices exhibited strong correlations with
SPI and SPEI of different accumulated periods, such as the
number of livestock that had difficulties in drinking water
(Impact-9) and the number of reservoirs that had dried up
(Impact-10). The area of crops that have been affected by ex-
treme drought (Impact-4) had a strong correlation with SPI-4
in Shenyang, while SPEI-8 highly correlated to Impact-8 in
Tieling. In Fuxin, SPI-21 exhibited strong correlations with
Impact-8 and Impact-9 and their coefficients were —0.623
and —0.667, respectively. The strongest correlation coeffi-
cient of all impact indices at accumulation periods of SPI or
SPEI was 0.794 in Fuxin between SPI-24 and Impact-9. In
summary, the three impact indices related to reservoirs and
the availability of drinking water for humans and livestock
(i.e. Impact-8, Impact-9 and Impact-10) exhibited strong cor-
relations with SPI and SPEI of different accumulated peri-
ods.
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Figure 1. Study area and the location of the selected meteorological stations.
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Figure 2. Correlations between SPI/SPEI with different accumulation periods and the 11 drought impact indices in Chaoyang, Fuxin and

Huludao.
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Figure 3. Correlations between SPI/SPEI with different accumulation periods and the 11 drought impact indices in Jinzhou, Shenyang and

Tieling.

4 Discussions

In this study, the SPI and SPEI calculations were based on
the meteorological station monitoring data in six cities. Due
to the small number of meteorological stations used here,
it was not possible to reflect the average precipitation over
the whole region. In China, precipitation is also monitored
at hydrological stations, especially for the flood season; If
the denser and more comprehensive hydro-meteorological
datasets were used, it is likely that stronger relationships be-
tween drought indices and impacts would be found.
Similarly, correlations between drought indices and im-
pacts depend on the quality and accuracy of impact data.
Therefore, the drought impact data need to be properly veri-
fied. Although the impact data was reported by various lev-
els of FCDRHs, and notably are systematic and complete
by international standards, there are still always some sub-
jective factors involving in estimating impact statistics. For
example, the mild drought is difficult to be identified at the
early stages; moderate drought conditions have often already
started when people realize the drought is occurring. In such
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situation, the statistical values may underestimate the actual
drought condition.

Results show that SPI-24 and SPEI-24 are highly corre-
lated to the populations that have difficulties in drinking wa-
ter in four of the six cities studied. This means two years pe-
riods of SPI and SPEI better represent these drought impacts
in the northwest of the Liaoning province.

5 Conclusions

This paper uses the statistical drought impact data and me-
teorological drought indices (i.e. SPI and SPEI) to explore
the relationship between drought indices and impacts. The
results indicate that SPI and SPEI with accumulation peri-
ods of two years best represent the drought impacts in the
northwest of the Liaoning province. Meteorological indices
used for drought monitoring and early warning in China can
be effectively linked to drought impacts. Further work is ex-
ploring how this information can be used to optimize drought
monitoring and risk assessment in the whole of the Liaoning
province and elsewhere in China.
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