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Abstract

Agricultural drought in Chile has been studied using the Normalized Difference Vegetation Index (NDVI) and the Vegetation Condition Index (VCI), derived from NDVI. In addition, satellite-derived Standardized Precipitation Index (SPI) has been used as an indirect measure. However, there are other remote sensing data, such as Land Surface Temperature (LST), Phenology Dynamics, Evapotranspiration (ET), and Soil Moisture (SM), which provide useful information to carry out more detailed analyses. Moreover, a main challenge to improve scientific findings is to collect data about crops such as type, seasonality, and yield, in order to generate a national database, which along with satellite indices, will be essential to develop spatial crop models; thereby, broadening knowledge regarding the impact of agricultural drought in Chile 



Introduction

IPCC [1] forecasts precipitation decrease in the central- southern region of Chile that would increase drought frequencies and intensities. Future scenarios predict that by 2050, wheat and corn yields will decrease by 5% to 20% IPCC [2]; Meza & Silva [3]; however, impacts on agricultural production could be greater if taking onboard effects on cropping frequency and area [4]. Nowadays, there has been an increment in the number of remote sensing products for climate [5] and agriculture applications [6] that provide great opportunities to carry out drought studies [7], especially for developing countries like Chile.

Vegetation and precipitation indices

Since the drought of 2008, remote sensing data has been used in Chile as useful information to monitor agricultural drought. Indices as the Normalized Difference Vegetation Index (NDVI) [8] and the Vegetation Condition Index (VCI) [9] have been adopted by the Chilean Agroclimatic Observatory (OAC for its acronym in Spanish) (www.climatedatalibrary.cl), along with the Standardized Precipitation Index (SPI) at short-time scales, based on rain gauges and satellite, used as indirect measure of agricultural drought. Zambrano et al. [10] proved that VCI is a useful tool for monitoring agricultural drought in the central- southern region of Chile, comparing this index with the well known Standardized Precipitation Index (SPI) [11] obtained from weather stations, and with governmental declarations regarding the emergency drought between 2000 and 2015. Zambrano et al. [10] used remote sensing products from the Moderate Resolution Imaging Spectroradiometer (MODIS), specifically, MOD13Q1 [12]-product regarding vegetation indices that provides data every 16 days at 250-meter spatial resolution- and MCD12Q1 [13]-product that provides data regarding land cover yearly at 500-meter spatial resolution-used to generate a cropland mask and then isolate the agricultural area.

Satellite-derived SPIs between 1981 and 2015, at time-scale of 1, 3, and 6 months, were evaluated for its application on Chile during agricultural drought [14], using 278 weather station to assess the agreement between satellite and in-situ SPIs. Climate Hazards Group Infra Red Precipitation with Station (CHIRPS) [15] product, at 5-kilometer spatial resolution, showed good results in the central region of Chile, unlike in the southern and northern regions. Therefore, this product is a viable alternative for data sources spatially distributed rainfall in Chile.

Recent satellite data and drought indices

Besides vegetation and precipitation satellite data for application in agricultural drought, there are new remote sensing datasets, such as Evapotranspiration (ET) [16,17], Soil Moisture (SM) [18], Land Surface Temperature (LST), and phenology dynamics [11], which could be evaluated for its application in Chile. As indicated by Mishra et al. [19], the agricultural drought will differ between crops because of two major factors: demand and supply, which could be estimated using satellite data.

Water demand depends on climate and specific crop characteristics. Perhaps, the most relevant measure of crop water demand is ET, which has been used in the formulation of drought indices like the Drought Severity Index (DSI) [20] and the Standardized Precipitation Evapotranspiration Index (SPEI) [21]. The effect of temperature in agriculture could be analyzed through LST, used to derive the Temperature Condition Index (TCI) [9], which determines stress on vegetation caused by temperatures. Another main characteristic of crop water demand is the growing season, period during the agricultural drought indices most be considered. To achieve this analysis of NDVI, time-series has been generally used to estimate the seasonality [22,23] also product MCD12Q2 for land cover dynamics [24] from MODIS provide seasonality dates globally as a useful dataset.

Soil moisture (SM) is a water supply measure which will be used for plant development and to know the impact on yield well; this should be considered in the root zone depth Mishra et al. [19]. Two of the latest satellite soil moisture products are:

A.	Climate Change Initiative (CCI) [18], part of the ESA Programme on Global Monitoring of Essential Climate Variables (ECV), which has ≈ 25-kilometer spatial resolution and daily frequencies and

B.	Soil Moisture Active Passive (SMAP) [25], which has 9-kilometer spatial resolution and frequencies of 7 days and the advantage that considers the soil moisture for the root zone depth. From soil moisture data, there are several drought indices, such as the Drought Severity Index (DSI) [26] and the Soil Moisture Deficit Index (SMD1) [27].

Conclusion

In order to study agricultural drought in Chile, satellite indices that measure vegetation response, such as NDVI and VCI [10], have been used. In addition to satellite-derived precipitation indices like SPI [14]. These indices have allowed generating a baseline in the understanding of agricultural drought process in Chile.

Future works should consider the use of new satellite data, such as LST, SM, ET, and phenology, in order to improve agricultural drought analyses. These data, along with new analysis techniques, will be useful to develop a model that helps to anticipate agricultural drought [28,29].

In addition, there is a gap in the studies presented in Chile regarding to the use of crop data to validate satellite data, mainly because it implies a lot of work to collect. A considerable challenge is to generate a national database about crops which will be crucial to advance in the knowledge of agricultural drought impact at the level of crop type through Chile.
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