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ABSTRACT:

Drought is an extremely complex natural disaster phenomenon. Sustained drought will lead to the aggravation of water shortage,
food production reduction, land desertification and ecological crisis, which will have a great impact on social and economic
development, industrial and agricultural production and ecological environment. In recent years, human activities have intensified,
the global climate has been warming, and the frequency and intensity of extreme events such as drought have been continuously
strengthened, which has been widely concerned by scholars at home and abroad. The Beijing-Tianjin-Hebei region, as the political
and cultural center of China, is seriously affected by the drought, which has a certain impact on the social economy of the region.
Therefore, it is of great practical significance to carry out remote sensing drought monitoring and understand the temporal and spatial
characteristics of drought. Based on MOD13A2 and MOD11A2 in MODIS products, this paper constructed the NDVI-Ts feature
space to obtain the Temperature Vegetation Dryness Index (TVDI) in Beijing-Tianjin-Hebei region, and analyzed the spatial and
temporal variation characteristics of drought in Beijing-Tianjin-Hebei region from 2001 to 2014 with TVDI as the drought index. The
results showed that: (1) the NDVI-Ts feature space in the Beijing-Tianjin-Hebei region showed that when the value of NDVI rose
from 0 to 1, the maximum temperature of the surface gradually decreased, while the minimum temperature gradually rose. Both of
them had a linear relationship with NDVI, and their spatial shape was similar to a triangle, indicating that the study of drought in
Beijing-Tianjin-Hebei was effective by using this spatial feature; (2) the Beijing-Tianjin-Hebei region experienced drought every
year in the period of 2001-2014, and the drought was more serious in 2001, 2004, 2008, 2009, 2011 and 2012; (3) The drought in the
Beijing-Tianjin-Hebei region was widespread, and the severely arid regions were mainly concentrated in the southern and central
regions. In terms of drought intensity, the most frequent occurrences in the period of 2001-2014 were Xingtai, Hengshui,
Shijiazhuang, and Handan, and the annual drought in 14 years; the least number of occurrences was Chengde, a total of 4 times; the
number of occurrences was second only to Chengde, Tangshan, Zhangjiakou, Qinhuangdao, a total of 7 times. Our results indicated
that the Beijing-Tianjin-Hebei region was prone to drought and the drought degree was severe.
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1INTRODUCTION In this paper, the long-term sequence MODIS data (MOD13A2
and MOD11A2) from 2001 to 2014 were used to analyze the
As one of the most complicated climate disasters that have thgpatial and temporal changes of drought in the
most serious impact on human society, drought has th8eijing-Tianjin-Hebei region. Based on the remote sensing
characteristics of high frequency, long duration and wide rangenonitoring model of temperature vegetation drought, the
of influence, which is an important problem that plagues thedry-wet edge equation was constructed to obtain the annual
development of today's society (Liu et al, 2019). As the mairtemperature vegetation drought index TVDI. Finally, the
producing area  of wheat in  China, the drought in the Beijing-Tianjin-Hebei region was monitored by
Beijing-Tianjin-Hebei region is a temperate monsoon climatethe TVDI model, and the spatial and temporal distribution of
with uneven annual precipitation distribution, increased demandrought in the Beijing-Tianjin-Hebei region from 2001 to 2014
for water resources and increased pollution, resulting irwas analyzed.
frequent drought disasters in the Beijing-Tianjin-Hebei region,
seriously affecting residents' living, social and economic
development. Environmental improvements have also caused 2 DATA SOURCE AND PROCESSING
economic losses to some extent (Nait-Ali et al, 2017; Centritto METHODS
et al, 2011). Therefore, the analysis of the spatial and temporal
changes of drought in the Beijing-Tianjin-Hebei region is of 2.1 Overview of the study area
great significance for alleviating the loss of drought disasters,
rationally planning limited water resources and ensuring itsThe Beijing-Tianjin-Hebei region is China's “Capital Economic
economic and social development. Circle”, located in the northern part of the North China Plain,
between 36°05'~42°37'N, 113°27'~119°50°'E (Fig. 1).

Goward and Hope used NOAA-AVHRR data to find that the
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drought well in time and accurately evaluate the drought

situation of the grassland. (CHEN et al, 2013); Bai uses the

normalized vegetation index NDVI and the enhanced vegetatio Figure 1.Location of the Beijing-Tianjin-Hebei region and
index EVI and the surface temperature to construct th¢TVDI distribution in 2001 (1 Beijing 2 Tianjin 3 Shijiazhuang 4
temperature-vegetation feature space, and finds that the TVL Tangshan 5 Qinhuangdao 6Handan 7 Xingtai 8 Baoding 9
calculated by the two vegetation indices is inversion of soil  Zhangjiakou 10 Chengde 11 Zhangzhou 12 Langfang 13

moisture. Both have higher precision (Bai, 2014). Hengshui)
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It is bordered by the Yanshan Mountains in the north, the Norttproposed by Sandholt. By constructing the NDVI-Ts feature
China Plain in the south, the Taihang Mountain in the west, andpace, the dry-wet edge equation is calculated, and finally TVDI
the Bohai Bay in the east. The terrain is higher in the northwestFig. 2) is obtained. The NDVI-Ts feature space is approximated
and north, and the terrain is flatter in the south and east. Froras a triangle (Sandholt et al, 2002). The specific formula is:

the northwest, the Yanshan-Taihangshan mountain system

gradually transitions to the plain in the southeast, showing the VD= _TsToin )
topographical features of the northwest high and southeast low TSmasc TSiin

(zhang et al, 2017). From the perspective of geomorphology,

the area contains a variety of geomorphological features, but TSnin=&1+b XNDVI, Tspha=athoxNDVI (2)

still dominated by plain landforms, along the coast of the shoal
and wetlands. The Haihe River Basin spreads in the form ofWhere: Ts represents the surface temperature of any pixel;
fan-shaped water system in the Beijing-Tianjin-Hebei regionrepresents the corresponding wet edge; represents the
The climate is typical of temperate semi-humid and semi-ariccorresponding dry edge; represents the coefficient of the fit
continental climate, and the spatial distribution of annualequation of the dry and wet edges in the feature space,
precipitation is affected by factors such as atmosphericespectively. TVDI=1 on the dry side and TVDI=0 (Sun et al,
circulation and geographical regions. The distribution is uneven2014) on the wet side.
mainly due to the large precipitation on the side of Yanshan antivhen calculating TVDI, we can determine the dry and wet
Taihang Mountain. The precipitation in the plain area isedges based on the NDVI value of the pixel, and then determine
generally higher than that in the dam area, and the precipitatiothe TVDI value by the location of the pixel's surface
in the east is significantly larger than that in the west. temperature in the feature space (Liu et al, 2013). The closer
TVDI is to 0, the higher the soil moisture and the lower the
2.2 Data sources and pre-processing degree of drought; the closer TVDI is to |, the lower the soil
moisture and the higher the degree of drought (Zhang et al,
2.2.1 Data source: The 2001-2014 surface temperature data (T)019).
and normalized vegetation index (NDVI) data used in this paper
are from the NASA (National Aeronautics and Space
Administration) data sharing website (https://www.nasa.gov/).
The MODIS MOD13A2 and MODIS MOD11A2 image data

are widely used for large-area drought monitoring. The data
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format is HDF and the spatial resolution is 1km.

2.2.2 Data preprocessing: (1) Due to the large amount of data
c

in this study, the data is processed in batch processing. First, th B Tomin= a2 + by X VI

MRT toolbox is used to perform format conversion, projection Vegetation index

coordinate conversion, and the like on the downloaded date

MOD13A2 and MOD11A2, and the coordinates used in the Figure 2. TVDI definition

study are the WGS84 coordinate system. In ENVI 5.3, theéTVDI mainly depends on the fitting equation of dry and wet

administrative vector boundaries of the Beijing-Tianjin-Hebeiedges of feature space, and TVDI is between 0-1. The larger the

region are used to tailor the data required for the study area.(4)vDI value is, the more dry the soil is, the smaller the value is,

In the interannual variation analysis, this study averages ththe more moist the soil is. Yao et al. classify the arid regions

NDVI and LST data from April to October every year to based on TVDI (Table 1), which better reflects the local drought

prevent image outliers from affecting the processing results.  conditions (Wang et al, 2013). Based on this, this study will
sample the partitioning criteria in subsequent analysis.

2.3 Resear ch methods

The Temperature Vegetation Drought Index (TVDI) was first
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RANGE CLASS TVDI
1 Very wet 0<TVDI<0.2
2 Wet 0.XTVDI<0.4
3 Normal 0.4TVDI<0.6
4 Drought 0.6TVDI<0.8
5 Very Drought  0.8TVDI<1

Table 1. Classification of drought levels using TVDI as an

indicator

3RESULT AND ANALYSIS

3.1 TVDI feature space analysis

In the proces=f calculatingTVDI, thedry andwet edgesof the
pixel can be determinedaccordingto the NDVI value of the
pixel, and the value of the TVDI can be determinedby the

position of the surfacetemperatureof the pixel in the feature

space. The required NDVI data and its corresponding maximum
land surface temperature and minimum land surface
temperature data are extracted from ArcGIS. Then use NDVI as
the abscissa and Ts as the ordinate to make a scatter plot. The
NDVI-Ts feature space from 2001 to 2014 is obtained
respectively, and the trend line and dry-wet edge equations are
fitted (Table 2). The abscissa in the scatter plot starts from 0.2,
mainly because the vegetation coverage of the study area cannot

be reasonably indicated when the NDVI is less than 0.2.

It can be observed from Table 2 that when the value of NDVI
rises from 0 to 1, the maximum temperature of the surface
gradually decreases, and the minimum temperature gradually
rises. Both of them have a linear relationship with NDVI, and
the shape is similar to a triangle. The results are consistent with

previous studies.

YEAR

Dry boundary equation

Wet edges equation

2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014

TSma=-28.5424NDVI+57.0472
TSmax=-41.7940NDVI+67.0982
TSmax=-43.6765NDVI+68.3471
TSma=-20.1165NDVI+49.4965
TSmax=-40.2898NDVI+66.0693
TSma=-39.2859NDVI+64.3573
TSmax=-30.4967NDVI+57.6425
TSma=-17.6603NDVI+46.9181
TSma=-25.0312NDVI+55.0796
TSmax=-54.4118NDVI+78.8677
TSma=-22.7874NDVI+51.5211
TSma=-22.3816NDVI+53.4733
TSma=-32.5099NDVI+61.4427
TSmax=-26.3662NDVI+57.8355

TSmin=-0.531390NDVI+23.4932
TSmin=1.18706NDVI+22.8070
TSmin=-1.33703NDVI+22.7834

TSmin=-0.663994NDVI+22.9989
TSmin=0.371505NDVI+22.8104

TSmin=-0.795342NDVI+22.9042

TSmin=-0.459325NDVI+23.0795
TSmin=-1.82526NDVI1+23.6458

TSmin=-0.597837NDVI+23.0943
TSmin=-3.04888NDVI+23.1797
TSmin=-2.21035NDVI+22.8110
TSmin=-2.59791NDVI+23.5056
TSmin=-3.12962NDV1+23.7948
TSmin=-2.30899NDVI+24.2231

Table 2. NDVI-Ts characteristic space dry-wet edge equation in Beijing-Tianjin-Hebei region from 2001 to 2014

3.2 Analysis of the temporal and spatial changes of drought

in Beijing-Tianjin-Hebei

321 Analysis of drought

time characteristics of

the Beijing-Tianjin-Hebei region is relatively serious. Excluding

the 2002, 2003, 2005, 2006 and 2010 drought conditions, the
TVDI values of the remaining years are high. From the severe
drought in 2001 to the subsequent drought relief in 2002 and
2003, from the aggravation of drought in 2004 to the subsequent

Beijing-Tianjin-Hebei: In terms of time, the drought occurred drought in 2005, 2006 and 2007; from the extremely dry areas

frequently in the Beijing-Tianjin-Hebei region from 2001 to in 2008 Three-quarters of the region accounted for one-half of

2014. It can be said that there is drought every year and ththe total in 2009, and there was almost no drought in 2010.

drought characteristics are obvious

(Figure  4).

TheHowever, since 2011, the drought has obviously weakened, and

fourteen-year statistics show that the overall drought situation ithe area of land with severe drought is rapidly decreasing until
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2014 has been showing a weakening trend. This result showexcluding some natural factors, and there are also some human
that the drought has occurred in the Beijing-Tianjin-Hebeifactors. When the extremely dry areas expand, the latter. The

region for nearly fourteen years, and it has occurred repeatedlgirought in the year will be weakened.
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Figure 3. Changes in TVDI values from 2001 to 2014 in Beijing, Tianjin and Hebei

3.2.2 Analysis of the characteristics of the arid space in in 2008 reached four-fifths of the Beijing-Tianjin-Hebei region,
Bejing-Tianjin: Global warming has been established in thewhile the arid regions accounted for almost 100% of the region.
past 100 years (Bachmair et al, 2016; Nail, 2018; Wilhite, 2000)The area where the drought is severely arid in the
Under this background, the aridification trend in the region isBeijing-Tianjin-Hebei region (ie, 0.8<TVDI<1, the index is
becoming more and more intense, and the aridification irshown in Table 1) is almost every year, but from the trend point
northern China is gradually increasing. The boundary lineof view, from 2008 to 2014, except for the area of
between arid and semi-arid regions has reached the extremely dry areas in 2008 The largest area that has been
southernmost point of history. (Telesca, Vicente-Serrano, 201&xtremely dry since 2008 is gradually weakening. It can be
Van Huijgevoor et al, 2014; Fu et al, 2018). Corresponding tcclearly seen from Figure 3. Since 2011, the overall trend of
the above characteristics, the Beijing-Tianjin-Hebei region hasrought in the Beijing-Tianjin-Hebei region has been declining
less rainfall and serious soil erosion. Since April, drought hayear by year, indicating that the drought is in the
occurred throughout the whole territory. As shown in Figure 4 Beijing-Tianjin-Hebei region. The impact is mitigating. The
the area with severe drought is large and concentrated in therrain in the north of Chengde is descending from the
south of Baoding Langfang. Large areas. Among them, th@orthwest to the southeast, and the northwest is located in the
extremely arid regions in 2008 were particularly serious, withinner Mongolia Plateau. Therefore, the climate varies greatly
the widest distribution, extending from the south of Baodingfrom north to south, and the meteorological elements are
Langfang, where the drought was perennial, to the northwestetthree-dimensionally distributed, making the climate diverse.
region centered on Zhangjiakou. Since 2001, the area ofhe summer is mild and thunderstorm; the autumn is cool, the
land with severe drought has expanded rapidly, spreadintemperature difference between day and night is large, the frost
to the surrounding area around the Baoding Langfang arealamage is heavy, the summer is cool, the rainfall is concentrated,
Except for 2002, 2003, 2005 and 2006, it has not spread to thand there is basically no hot period, so there is basically no
north of Baoding Langfang. Spreading around, and the drougtdrought; the border of southeast of Qinhuangdao in Tangshan,
in the south of Baoding gradually increased, the area witiTlianjin, low terrain, Yanhai, Most wetlands, so severe droughts
severe drought was large, mostly concentrated in Zhangzhaarely occur.
City, Shijiazhuang, Hengshui, Xingtai City, Handan City, and in
severe cases, it will be extended to Baoding LangfandJnderstanding the characteristics of regional drought is a

Zhangjiakou, even Beijing. Tianjin, so far in the severe droughimultidisciplinary research process. It is a natural process of
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interaction between biology, soil, hydrology, climate andis the focus of our next research. In addition, the improvement

between human beings. It is also a humanistic process in whicbf climate in the Beijing-Tianjin-Hebei region and the reduction

humans interact with nature. There is a close relationshipf drought conditions are closely related to the implementation

between human activities and vegetation cover and climatef a series of human activities such as returning farmland to

change. The paper does not specifically analyze the spatifdrests and grasslands, and further analysis and verification are

distribution, time change and human activities of drought. Thisneeded.

012

B v

l:l Normal
ﬁ Drought
- Very drought

2003

Figure 4. TVDI images from 2001 to 2014

4 CONCLUSION

Based on the normalized vegetation index and surface
temperaturelata,this paperusesTVDI asa droughtmonitoring
model to analyze the drought monitoring and time-space
changesin the Beijing-Tianjin-Hebeiregion. The conclusions
areasfollows: (1) The overall degreeof droughtin 2001-2014
is relatively high and fluctuating. Since 2011, the degreeof
droughthas slowed down and hasbeenreducedyear by year.
Speculationmay be causedby human factors (afforestation,
returning farmland to forests and grassland,and conserving
water sources)resultingin a gradualreductionin areaswith
severedrought. (2) The droughtin the Beijing-Tianjin-Hebei
regionis widespreadand the severelyarid regionsare mainly
concentratedin the southerrand centralregions.In theintensity
of drought,the mostfrequentoccurrencesn 14awere Xingtai,
Hengshui ShijiazhuangandHeilongjiang,14 yearsof drought;
theleastnumberof occurrencesvasChengdeatotal of 4 times;
the number of occurrenceswas second only to Chengde,
Tangshan Zhangjiakou,Qinhuangdaoa total of 7 times, the

Beijing-Tianjin-Hebei region is prone to drought and severe

areas.
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