Open Access

Drought monitoring and early warning in China: a review
of research to pave the way for operational systems
Lucy J. Barker1 , Jamie Hannaford1,2 , and Miaomiao Ma3
1 UK Centre for Ecology & Hydrology, Wallingford, UK
Climate and Research UnitS (ICARUS), Maynooth University, Maynooth, Ireland
3 Research Centre on Flood & Drought Disaster Reduction of the Ministry of Water Resources,
China Institute of Water Resources and Hydropower Research, Beijing, China
2 Irish

Correspondence: Lucy J. Barker (lucybar@ceh.ac.uk)
Published: 16 September 2020

Abstract. Geographic and socio-economic factors combined make China particularly vulnerable to droughts.

Here we review academic literature to assess publication trends on the topics of drought monitoring and early
warning in China, exploring the common themes and recent advances presented. Literature searches for the
1970–2017 period were made for a range of search terms relating to drought monitoring. It was found that publications on these topics started to appear sporadically in 1989 and have increased rapidly since the early 2000s,
with the rate of publication increasing over the last eight years. The scope of studies varied, often with the spatial
scale considered: at the national scale, studies focused on evaluating existing indices, while new indices were
developed and tested at the regional scale – relating, in general, to monitoring agricultural and meteorological
droughts. At the catchment scale, novel monitoring techniques were developed, often incorporating other data
types such as modelled data or soil moisture measurements. National scale operational drought monitoring in
China is currently being improved and updated. However, although operational systems are discussed in the
literature, there is a still a disconnect between theory and practice with the most recent advances not yet operationalised. Here, we identify the methods and approaches which can be translated from the experimental case
study scale to the national operational scale.

1

Introduction

Unlike most other natural hazards, droughts can occur in any
climatic region, are (often) slow to develop and can affect a
large area. The wide range of spatial and temporal scales, in
addition to the different parts of the hydrological cycle that
can be affected, means impacts are wide ranging and can be
costly (e.g. Mishra and Singh, 2010; Stahl et al., 2016; Tallaksen and Van Lanen, 2004; Wilhite, 2000). The interplay
between socio-economic and physical factors (including the
spatial distribution of water resources, population and agriculture) means China is particularly vulnerable to droughts.
Over the past 60 years, drought affected on average 29 million people and 206 000 km2 of farmland per year in China
(State Flood Control and Drought Relief Headquarters of
Ministry of Water Resources China, 2016). Agriculture is the
sector worst affected by drought in China (He et al., 2011),

with annual average crop yield losses of 16.3 billion kilograms. But there are also many severe socio-economic and
environmental impacts listed on the Flood and Drought Disaster Bulletin for China each year (e.g. State Flood Control
and Drought Relief Headquarters of Ministry of Water Resources China, 2016).
Effective monitoring and early warning (MEW) systems
are integral to mitigating impacts and improving resilience
to droughts. Drought management in China (including monitoring activities and the coordination of management and relief efforts) is led by the State Flood Control and Drought
Relief Headquarters (FCDRHs) with support from additional
ministries, local government and the FCDRH at various levels (state, provincial, municipal and county). Current drought
monitoring tools in China are fed by a range of data sources
and deliver drought monitoring products, including derived
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drought indices (Sayers et al., 2016). The China Drought
and Flood Bulletin is published by the Ministry of Water Resources, and gives a retrospective review of the year.
Here, we review the proliferation of academic studies concerned with drought MEW in China in terms of publication trends, the common themes and recent advances. We
end by outlining the steps required in order to make recommendations of methods and approaches which may be translated from experimental case studies to improve operational
drought MEW in China.
2

Data and methods

In order to investigate publication trends on the topic of
drought MEW in China (Sect. 3), several literature searches
on publication topic and title were made using the following phrases using Web of Science (English) and the China
Knowledge Resource Integrated Database (Chinese):
– drought monitoring China;
– drought indicators/index/indices China;
– drought early warning China.
The English literature was searched using Web of Science
(http://webofknowledge.com, last access: 28 July 2020) and
publications in the core collection between 1970 and 2017.
The results of each search were then filtered to return
only article publications (thereby excluding proceedings papers). The Chinese literature was also searched using the
China Knowledge Resource Integrated Database (https://
www.cnki.net/, last access: 28 July 2020) using the same
search terms with data up to the 25 May 2018 when
the search was conducted. Results for the search “drought
indicators/index/indices China” is hereafter referred to as
“drought indices etc. China”. Having reviewed some of the
most highly cited papers on drought MEW in China in addition to some more recent papers, the common themes and recent advances in drought monitoring techniques and methods
are discussed in Sect. 4 Common themes and Sect. 5 Recent
advances. For brevity, we do not include all details of the literature surveyed here. Further details of the papers reviewed
in this study can be found in Table 2 of Barker (2018) and
Ma and Wang (2018), for the English and Chinese searches,
respectively.
3

Publication trends

Table 1 shows the results in terms of numbers of publications of these search terms whilst Fig. 1 shows the cumulative number of publications per year returned for each search
term.
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A clear increase in the number of publications over time
can be seen in Fig. 1, with the rate of publication on the
topic of drought indices increasing dramatically in 2014. Figure 1 shows the total numbers of publications for each search
term peaking in 2015 (“Drought early warning China”) and
2017 (“Drought monitoring China” and “Drought Indices
China”) for all search results (all Publications), whilst when
only articles were searched, for all three, the number of publications peaked in 2017.
There is a clear change in the proportion of results returned
between all results and articles only results. The drought
monitoring and drought indices searches begin with more
proceedings paper and book chapters, with the number of articles increasing over time to a greater proportion of the total
number of publications.
However, an overview of the titles of the returned publications do not always specifically mention these phrases. When
publication title is searched, Fig. 1 shows that the number of
publications returned reduces substantially. A much higher
proportion of publications on the topic of drought indices
also included the phrase in the title than those on the topic
of drought monitoring or drought early warning.
A review of the Chinese literature revealed similar publication trends as those in the English academic literature.
The majority of publications (when either topic or title was
searched) related to drought monitoring, followed by drought
indices. As with the search of the English literature, drought
early warning returned the least results (Table 2). The first entries in the CNKI database were published in the late 1980s
with a large increase in number after 2005, with numbers
peaking in 2014 for drought monitoring and drought indices,
and 2009 for drought early warning (Ma and Wang, 2018).
4

Common themes

Common themes, namely the purpose and spatial scale, and
types of drought, identified from the papers are discussed in
more detail below.
4.1

Purpose and spatial scale

Although the papers reviewed in Barker (2018) aimed to improve drought MEW through a better understanding of the
drought hazard (such as a better understanding of the timing of drought propagation), the use of a new indicator or
method, few/if any of the methods presented are used operationally in China (with the exception of Yan et al. (2016),
although the Drought Watch reports are not yet publically
available). This suggests that operational Chinese drought
monitoring activities may be written up in the Chinese literature, and/or that there may remain a step of translating
drought monitoring research into operational practices and
that this research area has been driven by scientific endeavour rather than operational users.
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Table 1. Results from Web of Science for drought monitoring in China and associated search terms between 1970 and 2017. The Max. column

indicates the year with the highest number of publications for each search term, the number of publications is given with the year in brackets.
Search term

Drought monitoring China
Drought early warning China
Drought indices etc. China

Topic: all publications

Topic: article only

Total

Max.

Total

Max.

Title: all
publications
Total

Title: article
only
Total

485
57
1602

90 (2017)
15 (2015)
304 (2017)

334
40
1371

82 (2017)
13 (2017)
289 (2017)

60
4
99

30
2
76

Table 2. Results from CNKI researches for drought monitoring in China and associated search terms (after Ma and Wang, 2018). The

Max. column indicates the year with the highest number of publications for each search term, the number of publications is given with the
year in brackets.
Search term

Drought monitoring China
Drought early warning China
Drought indices etc. China

Topic

Title

Total

Max.

Total

Max.

1417
296
1440

147 (2014)
51 (2009)
137 (2014)

712
175
666

69 (2014)
32 (2009)
63 (2014)

Figure 1. Number of publications each year in the period 1989–2017 for Web of Science search terms by both topic and title and for all

publications from the search results and article only search results. Note the y axis scale is different for each row to best show the range of
data.

Six papers reviewed here used data for the whole of China,
the remaining studies focussed on smaller regions (of varying sizes). Eight papers considered large-scale regions of
China (such as northern China and south-west China), four
papers the province level, whilst Wu et al. (2001) researched
the best indicator for monitoring moisture conditions in four

https://doi.org/10.5194/piahs-383-273-2020

cities (Urumqi, Fuzhou, Beijing and Wuhan). Ten papers
were concerned with drought monitoring at the catchment
(river or lake) scale, and others geographical area such as the
Guanzhong Plain or Loess Plateau (e.g. Bai et al., 2017; Zhao
et al., 2015, respectively).
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Those considering the national scale tended to investigate
the effectiveness of indices or remote sensing data for realtime drought monitoring (e.g. Guo et al., 2016; Wu et al.,
2015), whilst Yu et al. (2014) assessed the spatio-temporal
variation in drought characteristics across China and determined triggers and thresholds for monitoring and early warning. Regional studies mostly aimed to develop and test a new
indicator (Hao et al., 2015; Wu et al., 2013; Zhang and Jia,
2013; Liu et al., 2015; Meng et al., 2016), with some regional
and area studies aiming to analyse the performance of indices for monitoring agricultural drought (Bai et al., 2017;
Wang et al., 2016). Catchment scale studies focussed on a
range of issues, including: propagation timescales from meteorological to hydrological droughts (Wu et al., 2017; Ye et
al., 2016), monitoring lake levels (Ding and Li, 2011), developing new indices for identifying regional/areal droughts
(Fluixá-Sanmartín et al., 2018), developing thresholds for
management (Zhao et al., 2016) and testing the operational
Drought Watch system (Yan et al., 2016).
4.2

Types of drought

The complexity of defining drought has led to the definition
of “types” of drought which relate to the compartment of
the hydrological cycle in which deficits occur (Wilhite and
Glantz, 1985). Deficits in precipitation are characterised as
meteorological drought, soil moisture as agricultural drought
and river flow or groundwater as hydrological drought. It recommended that meteorological drought indices should not
be used to monitor other types of drought due to the nonlinear responses of hydrological processes to climate inputs
(Van Loon and Van Lanen, 2012; Van Lanen et al., 2013).
As such, drought-type specific indices should be used for operational monitoring (e.g. meteorological drought and precipitation; agricultural drought and soil moisture/vegetation
condition; hydrological drought and streamflow/groundwater
levels) for a full understanding of the drought hazard.
Given the importance of the agricultural sector in China,
many papers in this brief review focussed on monitoring agricultural drought. Meteorological drought was the next most
commonly monitored drought type, with most papers using
observed rainfall data and one study (Zhang and Jia, 2013)
using microwave data to monitor precipitation.
Hydrological drought (river flow) was not considered by
many of the papers reviewed here, however, there were studies which compared the lag between meteorological and hydrological droughts (Ye et al., 2016; Wu et al., 2017) but did
not discuss the use of the hydrological drought data directly
for monitoring. However, these studies did provide an indication of timescales over which precipitation should be monitored in these catchments to reflect any deficits in streamflow where there may be a lack of easily available streamflow data for monitoring purposes. Wu et al. (2017) also illustrated how the operation of a reservoir may impact the
lag between meteorological and hydrological drought. DeProc. IAHS, 383, 273–279, 2020

spite the reliance upon groundwater sources for water supply in northern China, only Long et al. (2014) included an
assessment of groundwater storage (in a total water storage
assessment using GRACE data), and so groundwater (hydrological) drought.
5
5.1

Recent advances
Data sources

Although many of the papers summarised in Barker (2018)
used observed measurements of precipitation (in some cases
gridded products) and temperature (with some using soil
moisture or river flow observations), most did so in order to validate the results/indices produced using remotely
sensed data. The most commonly used remote sensing data
were MODIS (Normalised Difference Vegetation Index –
NDVI – and Land Surface Temperature – LST) and AVHRR
(NDVI and LST), with other datasets including AMSR-E and
GRACE. This perhaps reflects the wider availability and ease
of accessing these data in comparison to point observations,
particularly for large areas, or where observation points are
scarce or data are not easily accessible. Zhang and Jia (2013)
used microwave sensors to improve meteorological drought
monitoring although remote sensing techniques have more
commonly been used to monitor agricultural drought.
Modelled data were used by Zhang and Zhou (2015)
in order to calculate the Standardised Moisture Anomaly
Index (SZI) enabling water budget simulations to be incorporated within the indicator. This meant that the SZI agreed
with observed streamflow better than meteorological drought
indices like the Standardised Precipitation Index (SPI) and
Standardised Precipitation Evapotranspiration Index (SPEI).
Elsewhere, modelled data have been used to monitor
regions with sparse observations, for example modelled
hydrological data are used in the High Resolution South
Asia Drought Monitor (although does not include China;
https://sites.google.com/a/iitgn.ac.in/high_resolution_
south_asia_drought_monitor/streamflow-monitoring,
last
access: 28 July 2020). Li et al. (2015) used the Xin’anjiang
model to derive variables to calculate the Multivariate
Drought Index (MDI), however, they note that many of the
required variables could be obtained from observations if
available (e.g. precipitation, soil moisture and runoff).
The input and calibration data needed to calculate the SZI
and other modelled monitoring outputs, in addition to the
computational effort of processing the data (an issue also
applicable to the use of remotely sensing data for monitoring) should be considered for an operational monitoring system in need of reliable, regular updates. The simple calculation of SPI, requiring only one data input, was a contributing factor to the World Meteorological Organisation recommending the use of the SPI for monitoring meteorological
droughts (Hayes et al., 2011). Table 2 includes Ding and
Li (2011) where satellite imagery was used to calculate lake
https://doi.org/10.5194/piahs-383-273-2020
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water area, which was used with observed lake level data to
calculate the water storage change. Long et al. (2014) developed a method whereby GRACE data could be used to monitor (and forecast) total water storage availability, but few
studies used observed hydrological (river flow/groundwater)
data directly for monitoring. In other cases, soil moisture observations were used (e.g. Bai et al., 2017; Su et al., 2003),
Fluixá-Sanmartín et al. (2018) used a catalogue of drought
impacts to verify droughts identified from indicator time series, whilst Wang et al. (2016) used winter wheat yields to
identify the best indicator for agricultural drought monitoring.
5.2

Combined indices

Of the papers reviewed here which proposed new indices
(nine papers and 11 new indices – marked with an asterisk
in Table 2 of Barker, 2018), all proposed a combined indicator designed to monitor several aspects of the water cycle,
or combine data and information to better characterise a particular type of drought. Most aimed to improve agricultural
drought monitoring, but some (e.g. Li et al., 2015) aimed
to improve drought monitoring of meteorological, agricultural and hydrological droughts using the MDI. The optimised combined indices developed by Hao et al. (2015) performed better and were more highly correlated with SPI-1
and SPEI-3 (derived from point observations) than individual remotely sensed indices. The SZI developed by Zhang
and Zhou (2015) was more comparable to streamflow and
the NDVI as it included evapotranspiration, runoff and soil
moisture changes in its combination of the Palmer Drought
Severity Index and the SPEI. The integrative aim of these
combined indices is laudable, however, the added complexity
to interpret and computational effort of calculating such combined indices should be assessed for an operational drought
MEW system which requires fast, regular updates.
6

Conclusion

It is clear there is a large volume of material in the English
and Chinese literature aiming to improve drought monitoring in China, with dramatic increases in the numbers of publications since the mid-2000s – particularly on the topic of
drought indices. The importance of agricultural drought was
reflected in the number of papers addressing this type of
drought, specifically through the development of new indices
attempting to improve agricultural drought monitoring. The
increasing use of remote sensing data is evident, as is its use
in the calculation of combined drought indices. The searches
for “drought early warning China” returned few results in
both the English and Chinese literature (Tables 1 and 2), and
the papers reviewed here did not discuss the application of indices in early warning activities in order to forecast drought
hazard or impacts.
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In order to provide recommendations for operational
drought MEW services, it will be necessary to undertake a
broader literature search and assimilate results from searches
of the English and Chinese literature in addition to a review
of the tools and indices currently used to monitor droughts in
China. Following these review activities, it will also be necessary to understand stakeholder needs (including local government, different levels of the FCDRHs etc.) for monitoring in terms of spatial and temporal resolution of data, time
scales, the types of drought and indices and finally data visualisation. Crucial to this is understanding what data are available in real-time to support drought monitoring in China.
However, an effective drought MEW system should provide
information at a range of spatial scales (preferably from national to local scales, as well as integrating targeted local
monitoring information into national scale drought alert and
management systems) and a range of time scales (short term,
for monitoring agricultural drought which can start quickly,
to long term for monitoring hydrological droughts which
may take longer to emerge). Understanding how drought indices link to drought impacts (e.g. Bachmair et al., 2016) is
particularly important to ensure MEW tools can be used and
interpreted in a way that enables appropriate actions to be
taken in order to mitigate impacts. Through ongoing collaborations between Chinese and UK partners, these steps will
be addressed going forwards to provide recommendations for
operational drought MEW in China.
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