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Drought is one of the major natural disasters which causes very severe impacts on economy and society, remote sensing is the efficient method which can dynamic monitor drought at a great range of scale, the research on agricultural drought monitoring has been an important issue. This paper introduces the principle of agricultural drought monitoring based on remote sensing technology, and reviews the current remote sensing approaches in drought monitoring. Combined with the current research hotspots, this paper offers the further research ideas by discussing the dominances and limitations of these methods.

Introduction

Agriculture is the most fundamental and weakest link in our country's entire national economy. Crop production is directly related to the food security of our country and the increase of agricultural efficiency. Drought is a water shortage caused by the imbalance of water supply. Agricultural drought, the water deficit in crops, is mainly due to the imbalance between soil water supply and crop water demand, depending on the soil's water supply capacity and the physiological needs of crops. In recent years, agricultural disasters in China have occurred many times, agricultural drought because of its high frequency, long duration, large extent, to the agricultural economy caused serious influence, has become a major natural disasters in the world [START_REF] Zhiguo | China's Climate Resources[END_REF][START_REF] Masong | Analysis of Drought Disaster in China in nearly 50 years[END_REF].

The traditional drought monitoring method is based on the limited soil moisture monitoring site to determine the status of crops and plants being inhibited by insufficient water supply, and the description is qualitative. This method has limitations, it difficult to obtain accurate and timely agricultural drought and the development of time and space information. Remote sensing technology has the advantages of macro, rapid, wide range and economy, which provides a new way for agricultural drought monitoring [START_REF] Hong | Research on Drought Monitoring in China Using Remote Sensing Methods[END_REF]. Remote sensing technology has become an important means of drought monitoring and has played an important role in agricultural drought monitoring [START_REF] Weiguo | Method and Application of Crop Remote Sensing Monitoring and Application[END_REF].
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The Background and Status of Drought Remote sensing

Monitoring Technology

Remote sensing technology is based on electromagnetic theory, application of various sensors on long-range target radiation and reflection of electromagnetic wave information, collection, processing, and finally, imaging, and on the ground all sorts of scenery detection and identification of a comprehensive technical [START_REF] Mei Anxin | Introduction to Remote Sensing[END_REF].

Since the invention of the first airplane, aerial remote sensing was first applied militarily, and has been widely used in geology, engineering construction, map mapping, agricultural resources investigation and so on. Since the launch of the first satellite, remote sensing technology has been widely developed and widely used. With There are many classifications about drought [START_REF]Meteorological drought:policy statement[END_REF][START_REF] Keli | Research on Drought Disaster in China and Countermeasures[END_REF][START_REF] Wilhite | Preparing for drouhgt:a methodology[END_REF], which can be divided into four categories: meteorological drought, hydrological drought, agricultural drought, and economic and social drought. Agricultural drought refers to the phenomenon of crop failure due to insufficient rainfall and inadequate irrigation in the process of crop growth. The key factor to reflect the drought is the soil moisture content [START_REF] Watson | Application of Thermal Modeling in the Geologic Interpretation of IR images[END_REF].

Therefore, the direct target of using remote sensing for drought monitoring is soil moisture content. Remote sensing based on the theory of electromagnetic wave, drought, crops before and after the biochemical components in canopy structure has changed, the sensor receives electromagnetic wave changes, compare before and after the drought disaster information of electromagnetic analysis can obtain the scale of the crop. Research work about the drought remote sensing monitoring at home and abroad have been carried out for a long time, almost all the crops on agricultural drought disaster, the influence of using remote sensing data and other support, obtain accurate soil moisture content, set up the drought monitoring and evaluation methods have a lot of work to do. Scholars at home and abroad often using the thermal inertia method, vegetation index method of water supply, green index method, anomaly vegetation index method, microwave spectroscopy, thermal infrared remote sensing, remote sensing soil moisture for a study of spectral reflection characteristic of soil moisture content, such as the relatively mature method of thermal inertia method, vegetation index method of water supply, the green index method, anomaly vegetation index method and microwave remote sensing.

Thermal Inertia Method

The thermal inertia is a measure of the thermal reaction of matter to temperature, reflecting the energy exchange of matter and the surrounding environment. The thermal inertia method is a more mature method for monitoring soil moisture. The thermal inertia reflects a thermal characteristic of soil. Its principle is that the soil with high water content has a large thermal inertia according to the heat capacity and heat conductivity of the water. Soil thermal inertia and there is a correlation between soil moisture content, soil heat capacity, thermal conductivity increases with the increase of soil moisture, soil thermal inertia also increases with the increase of soil water content.

The daily contrast of soil surface temperature is determined by the factors of soil internal and external factors. The internal factors mainly reflect the thermal conductivity of soil heat transfer capacity and heat capacity reflecting the soil heat storage capacity; External factors refer to the surface thermal equilibrium caused by solar radiation, air temperature, relative humidity, wind, cloud, water vapor, etc. Therefore, when using remote sensing information inversion of soil thermal inertia, needs the support of a large number of ground data, not only need to consider the solar radiation, atmospheric absorption and radiation, soil thermal radiation and heat conduction effect, also should take into account the evaporation, condensation and enrage effect on heat exchange, or parameters, calculation is more complicated.

In 1971, Watson [START_REF] Price | Thermal Inertia Mapping: A new view of the earth[END_REF] first applied a model based on thermal inertia. In 1975, Price [START_REF] Kahle | A Simple Thermal Model of the Earth's Surface for Geologic Mapping by Temote Sensing[END_REF], Kahle a. b. [START_REF] Weimin | The Application of Meteorological Satellite Remote Sensing in DroughtMonitoring[END_REF], according to the heat balance and heat conduction theory, improved the soil thermal inertia model, which combined the heat flux (H), latent heat flux (E) and surface heat flux (G) to the surface radiation energy. Price [START_REF] Kahle | A Simple Thermal Model of the Earth's Surface for Geologic Mapping by Temote Sensing[END_REF] proposes the Apparent Thermal Inertia (Apparent Thermal Inertia, ATI) concept, namely, ignore the latitude, the sun Angle, sunshine time, and the influence of the distance, only consider the soil reflectance and surface temperature changes. The apparent thermal inertia of soil can be obtained indirectly through remote sensing inversion of soil reflectivity and surface temperature. In practice, we usually use the apparent thermal inertia to approximate replace real thermal inertia, according to the surface of the heat balance equation and heat conduction equation to establish apparent thermal inertia (ATI) and soil moisture content between remote sensing information inversion model [START_REF] Zhang Shuyu | Research on the Operational Methods of Remote Sensing Drought Monitoring based on MODIS Data[END_REF]. The surface temperature difference is small, the apparent thermal inertia is large, the soil water content is high; The surface temperature difference is large, the apparent thermal inertia is small, and the soil moisture content is low. In China since the early 1990 s in the thermal inertia model theory and experimental research has made great progress, Zhang Shuyu [START_REF] Ruipeng | Application of NOAA/HAVRR Data to Monitor Soil Moisture and Drought Area[END_REF], such as using MODIS data, through the establishment of apparent thermal inertia and soil moisture between the linear experience model, in shaanxi province early February to march, 2005 occurred in late spring drought process monitoring tests have been carried out. The thermal inertia of the surface temperature was calculated by using the modified surface temperature, and the soil moisture was obtained, and the drought conditions in liaoning were monitored for years. By using NOAA/AVHRR satellite data, guo zi [START_REF] Liping | Application of Vegetation Water Supply Index method in Drought Monitoring in Inner Mongolia[END_REF] and other methods used the apparent thermal inertia method to inversion the shallow soil moisture. The thermal inertia method of soil moisture content requires strict registration of two remote sensing images in the research area, and the temperature difference is obtained by the light temperature. Since remote sensing image is affected by the cloud, it is difficult to get the image of cloud in the same research area day and night, so it is difficult to guarantee the accuracy of the diurnal temperature difference. When the soil vegetation coverage is high, the accuracy of the soil moisture content will be greatly reduced due to the influence of vegetation transpiration and soil moisture exchange.

Vegetation Water Supply Index Method

The vegetation water supply index is a comprehensive monitoring drought method based on surface temperature and vegetation index. The principle is that when the plant water supply is insufficient to cause the crop to die due to lack of water, the normalized vegetation index will drop sharply and the surface temperature of the leaf will rise rapidly. Definition [START_REF] Chungui | Research on Rmote Snsing Mnitoring of Dought Dsasters in Fjian Povince[END_REF]of Vegetation Supply Water Index (VSWI) :
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VSWI is the vegetation water supply index; Ts is the canopy temperature of vegetation; NDVI is the normalized vegetation index.

The physical meaning of vegetation water supply index method can be described as: when the vegetation water supply is normal, the vegetation index reflected by remote sensing information is stable during certain growth period. In case of suffering from drought, vegetation growth under water stress, to reduce moisture loss, plant stomata part will close, resulting in increased leaf temperature, vegetation canopy temperature, vegetation water supply is insufficient growth affected at the same time, vegetation remote sensing information is a reflection of the index will be reduced. The use of NOAA/AVHRR data to use the vegetation water supply index method was used to monitor the continuous drought disaster in the winter and spring in fujian province from 2001 to 2002. Deng yujiao [START_REF] Wiying | The Aplication of the Remote Vegetation Index in the Severe Drought Monitoring in 1992[END_REF]and other use vegetation water supply index to monitor guangdong province in October 2004 drought conditions. Vegetation water supply index when applied to the MODIS data, as a result of the MODIS data to get NDVI easier than NOAA/AVHRR data get NDVI to saturation, so the VSWI is applied to the high density vegetation biomass, its monitoring precision will decline.

Zhang Shuyu [START_REF] Ruipeng | Application of NOAA/HAVRR Data to Monitor Soil Moisture and Drought Area[END_REF] on the VSWI is improved, the model of NDVI to switch to the enhanced vegetation index (EVI), to improve the sensitivity of biomass area, and early April to may, 2005 in shaanxi province in late spring drought monitoring.

Distance Vegetation Index Method

The distance vegetation index defines [START_REF] Ying | NOAA/AVHRR data in Drought Monitoring in Heilongjiang[END_REF] :
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)) t ( (NDVI MAX TNDVI  ATNDVI is the distance vegetation index; TNDVI was the highest value of NDVI in the same period. T is the number of days; the evaluate the annual normalized vegetation index (NDVI).

In general, the light and temperature conditions in certain areas are not very different, and the vegetation growth condition is mainly related to water, and the water supply is the key factor for vegetation growth. The distance vegetation index method is from the perspective of vegetation growth. When the soil water supply is abundant, the vegetation grows well. Conversely, vegetation growth is inhibited. This method needs to be accumulated many years of remote sensing data to calculate the perennial ten-day average vegetation index, then the same period when the observation period of vegetation index compared with perennial average, judge condition of crop growth, and then to evaluate crop drought degree. Using the distance vegetation index method, the NOAA/AVHRR data were used to monitor the extreme drought in Heilongjiang province in the summer of 2000 [START_REF] Yongmei | Application of NOAA/AVHRR data in Grassland Drought Monitoring in Pastoral areas of Qinghai Province[END_REF]. According to the distance vegetation index, the drought was divided into severe drought, drought and normal 3 grades. In this paper, the relative distance map of vegetation index is supervised and classified, and the pseudo-color map of drought monitoring is generated, and the affected area of crops is calculated. The drought condition of grassland in qinghai province was monitored by the vertical vegetation index [START_REF] Shengtian | Analysis of Climate and Vegetation Characteristics of Drought Conditions in the Yellow River Basin[END_REF]. Shengtian Yang [START_REF] Tansey | Monitoring Soil Moisture Dynamics using Satellite Umaging radar in Northeastern Jordan[END_REF], respectively, using 1982-1998 (1999) precipitation and temperature meteorological data, as well as the AVHRR NDVI remote sensing data are calculated by the Yellow River basin climate drought index, and analyzed the NDVI, the Yellow River basin are analyzed from the aspects of climate and vegetation features 18a to drought condition changes.

Microwave Remote Sensing

Microwave remote sensing is one of the most important methods for soil moisture monitoring. Microwave remote sensing has the characteristics of all-weather, multipolarization and a certain transmission capability to the soil layer. The method of microwave remote sensing monitoring of agricultural drought is mainly passive microwave method and active microwave method. Generally passive microwave remote sensing cost is low, the time resolution is high, but the spatial resolution is low;

The active microwave remote sensing cost is high, the spatial resolution is high, but the time resolution is low. Regardless of passive microwave remote sensing or active microwave remote sensing, the inversion results are affected by surface roughness and vegetation. How to reduce or eliminate the influence of surface roughness and vegetation is an important research direction of microwave remote sensing. Tansey

Moeremans and [START_REF] Moeremans | Soil Moisture Evaluation by means of Mult-itemporal ERS SAR PRI Images and Interferometric Coherence[END_REF][START_REF] Zhen | Comprehensive active and passive microwave data monitoring soil moisture change[END_REF] research shows that in bare land and sparse vegetation areas, after the near surface soil moisture and to a high degree of correlation between scattering coefficient, and that the surface roughness has a great influence on soil moisture monitoring. Li zhen and other [START_REF] Wei | Application of Polarization Decomposition Technology in Estimating Soil Moisture Change in Vegetation Cover Area[END_REF] comprehensive active and passive microwave data and optical data monitoring soil moisture change, reduce the influence of vegetation, and improve the accuracy of soil moisture change monitoring. Liu wei, etc. [START_REF] Blindish | Soil Moisture Mapping and AMSR-E Validation using the PSR in SM EX02[END_REF] try polarization decomposition technique to overcome the influence of surface roughness and vegetation, the better estimation of vegetation covered surface soil moisture change, but this method requires high temporal resolution, must be full polarization data at the same time, the current spaceborne microwave sensor is difficult to meet the requirements; Rajat Bindlish[29] takes advantage of the improved IEM model to obtain the inverse results of 0.95 correlation with actual soil moisture.

Microwave remote sensing is not affected by the interference of cloud, which can be used throughout the day, although greatly influenced by the surface parameters, but its for soil moisture estimation accuracy is high, is the method of monitoring soil moisture potential. However, the current microwave remote sensing usually can only reverse the moisture of soil surface, and the root system of crops is usually under 10cm-20cm, so the application of agricultural drought monitoring has certain limitations.

Conclusion

In recent years, agricultural drought in China has been frequent and serious, and accurate drought monitoring is of great significance. Agricultural drought involves many subjects such as agriculture, meteorology, hydrology and plant physiology. It is a complex phenomenon, and accurate crop drought monitoring is more difficult. Remote sensing data contains abundant surface comprehensive information and remote sensing technology has great potential in drought monitoring. At present, the domestic and foreign scholars in the field of agricultural drought remote sensing monitoring technology research a series of achievements, and explore some feasible methods and approaches, among the more mature method of thermal inertia method, vegetation water supply index method, anomaly vegetation index method and microwave remote sensing method, etc. Various monitoring technologies have their own advantages and disadvantages, and their applicability and accuracy are subject to further improvement and improvement.

(1) The advantage of thermal inertia is that the method is simple and easy to obtain, suitable for use in the bare ground/low vegetation coverage area, and the disadvantage is that the scope of application is narrow;

(2) The advantages of the vegetation water supply index method are that the parameters are clear and the accuracy is higher, which is suitable for the high and high vegetation coverage area, and the disadvantage is that the vegetation canopy temperature is difficult to obtain.

(3) The advantage of the distance vegetation index method is clear, suitable for the medium and high vegetation coverage area. The disadvantage is that the remote sensing data and the monitoring results are in lag.

(4) The advantages of microwave remote sensing method are all-weather and high precision, suitable for use in bare ground/vegetation coverage area, and the disadvantage is that monitoring soil is effective and shallow and cost is high.

In view of the advantages and disadvantages of the existing agricultural drought remote sensing monitoring technology, further agricultural drought monitoring research should strengthen the combination of crop physiology, morphological indexes and soil moisture content indexes. There are many available remote sensing data sources available, and the application of new remote sensing data sources in agricultural drought monitoring is actively carried out, such as the application of remote sensing data of GF-1.Further considering the use of multiple satellite sensors simultaneously to monitor the agricultural drought situation, the integrated radar data and the advantages of visible data make the monitoring results more comprehensive, accurate and timely. Using the advantages of remote sensing methods and solving the problem of technical practical application, the development and construction of a nationwide system of remote sensing monitoring of drought remote sensing will be a very challenging research work.

  the continuous development of sensor technology, aerospace technology and communication technology, modern remote sensing technology has entered a new stage of multi-platform, multiphase and high resolution. Remote sensing technology and space science, electronic science, earth science, computer science and other edge discipline cross infiltration and mutual confluence, has gradually developed into a new type of earth space information science. According to different energy sources of detection targets, remote sensing is divided into active remote sensing technology and passive remote sensing technology. According to the representation of recorded information, remote sensing can be divided into image and non-image modes. Remote sensing can be divided into space, aviation and ground remote sensing technology according to the platform of remote sensor. Remote sensing technology has been widely used in land resources, land resources, vegetation resources, geology, cities, surveying and mapping, archaeology, environmental investigation monitoring and planning and management.