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ABSTRACT: 

As one of the common natural disasters, drought is extremely destructive to agriculture. Drought has risen in recent years, so how to 

effectively monitor drought has become the focus of attention of relevant government departments. When drought occurs, irrigation 

measures will be taken in the irrigation district for drought resistance and disaster reduction. At this time, drought monitoring based 

on meteorological data and remote sensing index has certain limitations. Based on the surface temperature data of MODIS, this 

paper extracted the irrigation area information in the irrigated district, compared the drought monitoring results of irrigated area with 

those based on precipitation anomaly percentage and vegetation anomaly index, and analysed the importance of agricultural drought 

monitoring based on remote sensing of irrigated area. This paper considers that it is necessary to consider the distribution of the 

irrigated area when conducting drought monitoring in the irrigation district, it can improve the accuracy of agricultural monitoring, 

and it can provide the basis for government and agriculture and other related departments to manage water resources and formulate 

drought-resistance policies. 

* Corresponding author: songwl@iwhr.com

1. INTRODUCTION

As one of the common natural disasters in the world, drought is 

more destructive to agriculture than other natural disasters 

(Huan Liu et al., 2012; Zhongyan Huang et al., 2013; Limin 

Wang et al., 2018; Youxin Huang et al., 2015; Yang Song et al., 

2016). Drought events of different intensity, different time and 

different scope have been experienced all over the world. The 

impact of drought on agriculture has become more and more 

serious in recent years, resulting in large-scale reduction of crop 

yields and huge economic losses (Ezzine et al., 2013). 

Therefore, effective agricultural drought monitoring and 

response have become the focus of government and public 

attention. Accurate agricultural drought monitoring can provide 

a basis for local governments and agriculture-related 

departments to manage water resources and formulate drought-

resistant policies. 

Drought monitoring using indices derived from remote sensing 

data has become an important method for due to its low cost 

and short period (Gumma, 2011; Wardlow et al., 2008; Xiong 

et al., 2017; Ouzemou et al., 2015). Among these indices 

include Anomaly Vegetation Index (AVI) (Weiying Chen et 

al.,1994; Ming Yan et al.,2010), Temperature Vegetation 

Drought Index (TVDI)(Patel et al, 2009; Chunsheng Yao et al., 

2004; Shuhua Qi et al.,2003), and Conditional Vegetation Index 

(VCI)(Kogan et al., 1990). The remote sensing vegetation index 

monitoring method is very advantageous for large-scale drought 

monitoring, but it does not consider the underlying surface 

information and cannot reflect the changes of the underlying 

surface. In addition, drought monitoring methods based on 

meteorological data are also commonly used, such as the 

percentage of precipitation anomaly (Henry, 1906; Jie Wei et al., 

2003), Palmer Drought Index (PDSI) (Palmer, 1965; Jie Wei et 

al., 2003), and Standardized Precipitation Index (SPI) (Mckee 

et al., 1993; Mlenga Daniel et al., 2019) et al.. Drought 

monitoring based on site data can more accurately reflect 

meteorological drought, but meteorological drought does not 

necessarily cause agricultural drought, so there are certain 

limitations to the monitoring of agricultural drought. However, 

there are generally complete irrigation facilities in the irrigation 

district, especially in arid-semi-arid areas. The state has invested 

a lot of funds to build irrigation facilities to ensure that 

irrigation is carried out during important growth periods of 

crops and to ensure food production. Therefore, when drought 

occurs in the irrigation district, agricultural drought will not 

occur in the irrigated district. Therefore, monitoring the drought 

in the irrigation district considering the irrigation area can 

improve the accuracy of agricultural drought monitoring 

(Wenlong Song et al., 2019). 

Based on MODIS products and meteorological data, this paper 

obtains the drought monitoring results based on the percentage 

of precipitation anomalies and the drought monitoring results 

based on the anomalous vegetation index. The ground surface 

temperature is used to obtain the irrigated area of the underlying 

surface, and the rationality of the drought monitoring results of 

the comprehensive irrigated area is analysed. It is believed that 

the monitoring of agricultural drought in the irrigated district 

can improve the monitoring accuracy.    

2. STUDY AREA AND DATA SOURCE

2.1 Study area 

In this study, the Donglei Irrigation District (Phase Ⅱ) in 

Shaanxi, China was selected as the study area (Figure 1), 

located at 109 ° 10 '~ 110 ° 10' east longitude and 34 ° 41 '~ 
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35 ° latitude. The study area is located in the Weibei dry plateau, 

facing the Yellow River in the east. And the study area has a 

temperate continental monsoon climate, with warm and dry 

spring, heavy rain in summer, and severe cold and dry in winter. 

The average annual rainfall is 519 ~ 552mm, and the drought 

years are only 360 ~ 390mm. The spatial and temporal 

distribution of precipitation is very uneven. More than 50% of 

the rainfall is concentrated from July to September. Therefore, it 

is known as "the nine droughts in ten years". Weinan City's 

Donglei Irrigation District (Phase Ⅱ ) contains 7 irrigation 

subsystems with a designed irrigation area of 1.265 million mu 

(1 mu = 666.67 square meters). 

 
Figure 1. Study area 

 

2.2 Data source 

The remote sensing data uses MODIS data products. MODIS 

carries two satellites, Terra and Aqua, with 36 medium-

resolution levels (0.25 to 1um) of the spectral band.  The Earth's 

surface is observed every 1-2 days to obtain land and ocean 

temperatures, primary productivity, land surface coverage, 

clouds, Aerosol, fire, etc. Among them, the resolution of 

MODIS 1-2 band is 250m, the resolution of 3-7 band is 500m, 

and the resolution of other bands is 1000m. This study uses 

MODIS surface temperature products, Normalized Difference 

Vegetation Index (NDVI) products, and precipitation data from 

China Meteorological Data Network. Due to the frequent 

drought in the study area in March, the March data of the study 

area was selected for research. 

The meteorological data uses the precipitation data in the 

"China Surface Climate Data Daily Value Data Set (V3.0)" of 

China Meteorological Data Network. The data set contains daily 

data of 699 benchmarks, weather stations, temperature, 

precipitation, evaporation, relative humidity, wind direction and 

wind speed, sunshine hours, and 0cm ground temperature 

elements of China's 699 base stations and weather stations since 

January 1951. Data is updated monthly. This paper selects the 

data from 6 sites around the study area from 2009 to 2018 for 

processing, and the selected sites are shown in Figure 2, and the 

numbers in the figure represent the measuring station number. 

 
Figure 2.  Site selection map 

 

3. DROUGHT MONITORING METHODS 

This section introduces two methods of using rainfall anomaly 

percentage and anomaly vegetation index to obtain the drought 

monitoring method in the study area, and using MODIS surface 

temperature products to obtain the irrigation area monitoring 

method in the study area. 

 

3.1 Drought monitoring method based on percentage of 

precipitation anomalies  

3.1.1 Method principle: The precipitation anomaly (PA) is 

both a meteorological drought indicator and an agricultural 

drought indicator (Mei Ding et al., 2017; Jie Wei et al., 2003). 

It reflects the deviation of the precipitation from the average 

state during the same period. Its calculation formula is: 

 

                        (1) 

 
where  p = precipitation in a certain period 

 p̄ = average precipitation in this period 

The PA judges the drought grade. According to the 

"Meteorological Drought Grade" (GB / T 20481-2017), the 

grade standard on the monthly scale is shown in Table 1. 

Grade Normal Mild Moderate Severe 

PA (%) >-40 
-60~ 

-40 

-80~ 

-60 

-95~ 

-80 

Table 1. Classification of drought conditions by precipitation 

anomaly percentage 

 

3.1.2 Monitoring process: Using the 30-year data from China 

Meteorological Data Network from 1986 to 2016 to calculate 

the average rainfall of each month, and then calculate the PA 

value of each site in March 2016 according to formula (1), and 

obtain the PA of the research area after spatial interpolation. 

Then judge the level. 

 

3.2 Drought monitoring method based on anomaly 

vegetation index  

3.2.1 Method principle: The AVI relates the change of 

NDVI to the "Anomaly" in weather and climate studies, and 

compares and analyses the relationship between the change of 

NDVI and short-term changes in climate conditions as a 

measure of drought monitoring (Pengxin Wang et al., 2003; 

Pengxin Wang et al., 2007; Lei Gao et al., 2007). The 

calculation formula is: 

 
                               (2) 

 
where      NDVIi = NDVI value of a certain period in a certain 

year 

                 NDVI = average value of NDVI in this period for 

many years 

According to the "Code for Remote Sensing Monitoring and 

Evaluation of Flood and Drought Disasters" (SL 750-2017), the 

drought classification is shown in Table 2. 

Grade Normal Mild Moderate Severe 

AVI -0.2~0 
-0.3~ 

-0.2 

-0.4~ 

-0.3 

-0.6~ 

-0.4 

Table 2. Classification of AVI drought conditions 
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3.2.2 Monitoring process: Using the NDVI data from 2009 to 

2018 in the study area MODIS, layer overlay and band 

calculation to obtain the average NDVI of ten years, and the 

band calculation again to obtain the March 2016 AVI value, 

and the study area division was determined according to the 

AVI drought classification table. 

 

3.3 Monitoring method of irrigation area based on surface 

temperature  

3.3.1 Method principle: Because of different factors such as 

solar radiation, physical state, and thermal characteristics, the 

surface temperature and daily variation of different ground 

objects are significantly different, as shown in Figure 3. The 

specific heat capacity of water body is the largest. The 

temperature of water body at night is higher than that of other 

ground features, while the temperature of daytime is lower than 

other ground features, so the daily temperature difference of 

water body is the smallest. For the bare soil area, the dry bare 

soil has a large change in daily temperature difference because 

of its small specific heat capacity. When the bare soil contains 

water, the temperature change approaches the water body, and 

the daily difference becomes smaller. For vegetation coverage 

areas, when vegetation is under drought stress, daytime 

transpiration is weakened and the calories consumed are 

reduced. Therefore, the canopy temperature is higher than that 

of vegetation without drought stress, and the heat dissipation 

rate at night is faster than that of vegetation without drought 

stress. As a result, the daily difference becomes larger.  

Based on the above, the daily temperature change in an irrigated 

area is significantly smaller than in an unirrigated area. 

Therefore, whether an area is irrigated can be determined by 

determining the daily temperature difference threshold (△ Ts). 

When the regional daily difference is less than △ Ts, the area is 

considered to be irrigated. 

 

Figure 3. Diurnal variation of surface temperature of typical 

terrain (Yingshi Zhao et al., 2003) 

3.3.2 Monitoring process: When using MODIS surface 

temperature products to obtain the irrigated area, the daily 

difference data is first calculated, and ΔTs is determined using 

24 sample points collected from field surveys in rain-fed areas. 

Secondly, the decision tree method is used to eliminate the data 

affected by rainfall. The data on the day of precipitation and the 

first day after precipitation are excluded; on the 2nd to 5th days 

after precipitation, if the first day after precipitation is not 

irrigated but the irrigation is displayed on the second or 

subsequent days, it is retained; If the first day after precipitation 

is irrigated, the next day and the following days show irrigation 

and the day-to-day temperature difference becomes larger, then 

it is excluded. In addition, a pixel may be identified multiple 

times, so the decision tree method is used for a month cycle 

(starting with the first monitoring of irrigation). If the same 

pixel has multiple irrigations in a cycle, it is considered a single 

treatment. 

 

4. RESULTS 

Using the precipitation data from the site, the percentage of 

precipitation anomalies at the monthly scale (March 2016) in 

the study area was calculated. The drought characteristics of the 

irrigation area at the monthly scale were analysed to assess the 

severity of the drought. The results are shown in Figure 4. There 

was severe drought in the south-western part of the study area, 

and it was moderately dry overall. Among them, the area of 

severe drought was 254,200 mu, accounting for 20.10% of the 

total area; the area of moderate drought was 1,010,800 mu, 

accounting for 79.90% of total area, as shown in Figure 5. 

 
Figure 4. Drought monitoring results based on the percentage of 

precipitation anomalies in the study in March 2016 in Donglei 

Irrigation District (Phase Ⅱ) 

 

  

Figure 5. Proportion of dry area of each type based on the 

percentage of precipitation anomaly in March 2016 in Donglei 

Irrigation District (Phase Ⅱ) 

Irrigation areas generally have comprehensive irrigation 

measures, especially in arid-semi-arid areas. The state has 

invested a lot of funds to build irrigation facilities to ensure that 

irrigation is carried out during important growth periods of 

crops and to ensure food security. During the drought period, 

irrigation districts can fight drought and reduce disasters 

through irrigation to ensure grain production. Crops have 

different sensitivities to drought during different growth stages. 

Even if drought occurs, as long as irrigation is carried out 

during important growth stages that affect food production, 

agricultural drought will generally not be caused. 
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March is an important season for wheat growth, and irrigation 

in the irrigation district will not produce a large-scale 

agricultural drought, which is consistent with the results of 

drought monitoring based on the anomaly vegetation index 

(Figure 6): There was no significant drought in the irrigated 

areas. However, there are rain-fed areas in the irrigated district, 

which only rely on rainfall for water supply, and the anomalous 

vegetation index is calculated based on the multi-year average. 

The rain-fed areas in the study area are always dry, so no 

drought was detected in the rain-fed area. However, the 

meteorological drought monitoring based on precipitation 

anomaly percentage can reflect the drought situation in rain-fed 

areas relatively accurately. 

The irrigation area extracted based on MODIS surface 

temperature is shown in Figure 7. The south-west and east of 

the study area were irrigated. The area of the irrigated area was 

1021500 mu, accounting for 80.75% of the total area. It can be 

considered that there was no agricultural drought in the irrigated 

district. Therefore, the distribution of comprehensive irrigation 

area in the irrigation district and the remote sensing drought 

monitoring results based on meteorological data are more 

accurate, as shown in Figure 8, when drought occurred, the 

southwest and east of the study area were irrigated, so no 

significant drought occurred in the southwest and east of the 

study area, and the drought in the rain-fed area did not ease. 

Among them, the area without agricultural drought was 

1021500 mu, accounting for 80.75% of the total area; the area 

of moderate drought was 240,400 mu, accounting for 19.00%; 

the area of severe drought was 3100 mu, accounting for 0.25% 

of the total area. And the statistics are shown in Table 3. 

 
Figure 6. Drought monitoring results based on the anomaly 

vegetation index in the study in March 2016 in Donglei 

Irrigation District (Phase Ⅱ) 

 

 

Figure 7. Monitoring results of irrigated area based on surface 

temperature in the study area in March 2016 in Donglei 

Irrigation District (Phase Ⅱ) 

 

 

Figure 8. Comprehensive monitoring of drought conditions in 

March 2016 in Donglei Irrigation District (Phase Ⅱ) 

 

Drought Area(mu) 
Percentage of  

total area (%) 

Normal 1021500 80.75 

Moderate drought 240400 19.00 

Severe drought 3100 0.25 

Table 3. Drought monitoring area and percentage of total 

irrigation area to total area 

 

5. CONCLUSIONS 

When monitoring drought conditions in the irrigation district, 

both the drought monitoring method based on meteorological 

data and the drought monitoring method based on remote 

sensing index have certain limitations. The single station and its 

interpolated drought monitoring method based on the 

percentage of precipitation anomalies measure the degree of 

meteorological drought based on the precipitation in the study 

area at a certain time scale, and cannot accurately reflect the 

degree of agricultural drought in the irrigation district; Crop 

drought is closely related to soil water content. The amount of 

soil water content affects crop growth. When crop growth does 

not get the required water, crop growth is subject to drought 

stress. The anomalous vegetation index can pass the 

corresponding multi-year average growth status of the crop. 

Than the precipitation anomaly more reasonably reflects the 

degree of agricultural drought, but there are still some problems 

in monitoring agricultural drought, especially for rain-fed 

farmland in arid and semi-arid areas, using the anomalous 

vegetation index cannot truly reflect the degree of agricultural 

drought. 

In the irrigation district, to ensure that irrigation is carried out 

during the important growth period of the crop, there will not be 

a large-scale agricultural drought, which can guarantee food 

production. Therefore, the irrigated area can be used as one of 

the important indicators to help assess the drought in large 

irrigation districts. Combined with the drought monitoring 

indicators to achieve the purpose of accurately reflecting the 

agricultural drought situation in the study area and improve the 

precision of agricultural drought monitoring. 

In irrigation districts, the role of irrigation measures should be 

fully emphasized, and dynamic monitoring of irrigation areas 
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should be carried out. In irrigation districts, the role of 

irrigation measures should be fully emphasized, and dynamic 

monitoring of irrigation areas should be carried out. Combining 

with the meteorological drought index such as precipitation 

anomaly percentage and remote sensing monitoring index such 

as anomalous vegetation index, it is more reasonable to carry 

out a comprehensive assessment of drought conditions, and the 

obtained drought monitoring results are more scientific and 

objective. It can provide a more accurate basis for government 

and agricultural related departments to carry out water resources 

planning and formulate drought resistance policies. 
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