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ABSTRACT

Drought index can be used to implement an early warning system for drought and to operate a
drought monitoring service. In this study, an approach was examined to determine agricultural
drought index (ADI) at high spatial resolution, e.g., 270 m. The value of ADI was calculated based on
soil water balance between supply and demand of water. Water supply is calculated by the cumulative
effective precipitation with the application of the weight to the precipitation from two months ago.
Water demand is derived from the actual evapotranspiration, which was calculated applying a crop
coefficient to the reference evapotranspiration. The amount of surface runoff on a given soil type was
also used to calculate soil residual moisture. Presence of drought was determined based on the
probability distribution in the given area. In order to assess the reliability of this index, the amount of
residual moisture, which represents severity of drought, was compared with measurements of soil
moisture at three experimental between July 2012 and December 2013. As a result, the ADI had
greater correlation with measured soil moisture compared with the standardized precipitation index,
which suggested that the ADI would be useful for drought warning services.

Key words: Agricultural drought index, Effective precipitation, Evapotranspiration, Runoff, Soil
moisture
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Table 1. Daily weighting factor for calculating the effective rainfall

Days before 1 2 3 4 5 6 7 8 9 10
Weighting Factor 4.1 34 3.0 2.7 2.5 23 2.1 2.0 1.9 1.8
Days before 11 12 13 14 15 16 17 18 19 20
Weighting Factor 1.7 1.6 1.5 1.5 1.4 1.3 1.3 1.2 1.2 1.1
Days before 21 22 23 24 25 26 27 28 29 30
Weighting Factor 1.1 1.0 1.0 0.9 0.9 0.9 0.8 0.8 0.7 0.7
Days before 31 32 33 34 35 36 37 38 39 40
Weighting Factor 0.7 0.6 0.6 0.6 0.6 0.5 0.5 0.5 0.4 0.4
Days before 41 42 43 44 45 46 47 48 49 50
Weighting Factor 0.4 0.4 0.3 0.3 0.3 0.3 0.3 0.2 0.2 0.2
Days before 51 52 53 54 55 56 57 58 59 60
Weighting Factor 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.0 0.0
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Table 2. Description of the agricultural drought index
Index Drought Stage (DS) Description
<-3 DS3 Extreme drought
3~-2 DS2 Severe drought
2~-1 DS1 Mild drought
-1~0 DSO Normal
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Fig. 1. Relationship between the drought index at the three experimental sites and the measured soil moisture content. Left
panels are based on the 3 month cumulative precipitation from SPI, and right panels are based on the residual moisture index

from ADI.
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Fig. 3. Spatio-temporal variation of the agricultural drought index (ADI) over the experimental watershed projected from the
climatic and spatial data in 2013 (A: 39th week, B: 40th week, C: 42nd week).
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Table 3. Drought indices that have been reported to quantify agricultural drought (Adapted from Woli et al., 2012).

Drought indicator Reference Time step S* P A’ G'
Crop Moisture Index Palmer(1968) weekly (¢} X (¢} o
Crop-Specific Drought Index Meyer et al.(1993) seasonal (0] (0] o X
Crop Water Stress Index Idso et al.(1981) instantaneous X X o X
Evapotranspiration Deficit Index Narasimhan and Srinivasan(2005)  weekly o o (¢} X
Keetch and Byram Drought Index Keetch and Byram(1968) daily X X (6] (0]
Lawn and Garden Moisture Index Christy(2004) daily X X (0] (0]
Palmer Drought Severity Index Palmer(1965) monthly (¢} X O o
Palmer Z Index Palmer(1965) monthly (0] X o (0]
Soil Moisture Deficit Index Narasimhan and Srinivasan(2005)  weekly (0] (0] (6] X
Stress Day Index Hiler and Clark(1971) daily (0] (0] o X
Standardized Precipitation Index Mckee et al.(1993) monthly X X o o
Water Requirement Satisfaction Index  Frere and Popov(1986) dacadal (0] (0] (0] X
Water stress index of the DSSAT* Jones et al.(2003) daily (6] (6] ¢] X

+Soil water balance based

*Plant physiology based

§Atmosphere based

Y/Generic, not requiring crop-specific parameters.
#DSSAT CERES-Maize model (Jones and Kiniry, 1986)
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