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Appendices

Appendix I:  Climatic Indices and Satellite Data for Drought Monitoring

1.1 Climatic Indices

PDSI

The PDSI [143] is probably still one of the most complex drought indices in use
today, and it is also one of the few that allows a direct comparison of index values
between different climatological regions. It is a soil moisture algorithm calibrated
for relatively homogeneous regions, and is based on moisture inflow, outflow and
storage [281]. Details about the PDSI algorithm are presented in [142]

In describing the actual drought situation in a given region, Palmer [143]
considered a drought to be established when the index is less than or equal to -1.0,
and a wet spell is established when the index is greater than or equal to 1.0, A
drought is considered to have certainly ended when the index reaches the “near
normal™ category, which lies between —0.5 and +0.5, or when the index retums to
zero.

BMI

The Bhalme-Mooley index (BMI) was dey eloped by Bhalme and Mooley [282] for
assessing drought intensity using a precipitation parameter. The computational
details of the BMI and the PDSI are generally similar, with just a few differences
Bhalme and Mooley replaced the moisture index in Palmer's algorithm with a
simpler monthly rain index computed from the rainfall data only. Therefore, the
BMI models the percentage departure of P from the long-term averages using an
algorithm similar to that of the PDSI [142].

SPl

McKee et al. [28] defined the Standard Precipitation Index (SPI) as the number of
standard deviations that the observed cumulative rainfall at a given time scale
would deviate from the long-term mean. As a single numeric value, the SPI can be
compared across regions with markedly different climates

Since the cumulative precipitation may not be normally distributed, McKee et al

[28] transformed the data approximately to the normal domain to standardize the
drought index. The time scale of the SPI is also flexible, which is an attractive
feature because it is possible to experience wet conditions at one time scale but dry
conditions at another simultancously, Edwards and McKee [235] selected a 3-
month SPI for a short-term drought index, a |2-month SPI for an intermediate-term
drought index, and a 48-month SPI for a long-term drought index. In principle, the
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SPI.Endex is_h;nscd on the probability of precipitation for any time scale. The
detailed algorithm of SPI described in [142]. -

According to McKee et al.’s [28] definition of drou
an extremely wet spell, 1.99 > Sp| > | 0 means very to moderately wet, (.99 > Sp|
= —0.99 means near normal. =1.0 > SPl > -1 .99 nn:'.m» mndu:r;nci; to severely dry
and SPI < -2.0 means an extremely dry spell. A : ) hay
occurred any time the SPI is continuously
SPI becomes positive. Therefore, cach
[142].

ght categories, SPI > 2.0 means

drought event is considered 1o have
~1.0 or less. The event ends when the
drought event has a well-defined duration

As a single numeric value, the SPI can be compared across regions with marked!y
different climates. Ntale and Gan [145] indicated that SPI is more suitable for
monitoring droughts and it has modest data requirements and is easy to interpret
The SPI is an index based on the probability of recording a given amount of
precipitation, and the probabilities are standardized so that an index of zero
indicates the median precipitation amount (half of the historical precipitation
amounts are below the median, and half are above the median). The index is
negative for drought, and positive for wet conditions, As the dry or wet conditions
become more severe, the index becomes more negative or positive [145]. SPI can
also be used to determine the magnitude of a drought in a locality. Drought
magnitude is the duration of drought with negative SPI deviation expressed in time
period of month(s) [28].

SWSI

The Surface Water Supply Index (SWSI) [283] is primarily developed as a
hydrological drought index with an intention to replace PDSI for areas where local
precipitation is not the sole or primary source of water. It is calculated based on
monthly non exceedence probability from available historical record of reservoir
Storage, stream flow, snow pack, and precipitation. SWSI is good measure to
monitor the impact of hydrologic drought and industrial water supplies, irrigation
and hydroelectric power generation. However, there is a time lag before
precipitation deficiencies are detected in surface and subsurface water sources. As a
result, the hydrological drought is out of phase with agricultural drought. Because
of this, the SWSI is not a suitable indicator for agricultural drought [141]

1.2 List of potential drought monitoring attributes from satellite earth
observation systems as of 2012 [185, 284-286].
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Appendix 2: Rain Fall Pattern for the 2 x 2 Degree Grids
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Appendix 3: Anisotropic Diffusion A\lgorithm and Implementation Code

far (=610

for j=]:3
sirc/

sfri=numJlstr)

strf=numlsir(j)

stre=streat(dir | strc | stre 2. stri siv
u=tmreadistre)

num iter In

delfa t = |/§

dir2
auiput=strearfdir stre | stre ) 5
mwrite (r.oufpul,

end

end
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Appendix 4: Fuzzy DroughtObje

Ct Segmentation Algorithm
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Appendix 5: Ap Excerpt from Backpropagation Algorithm

[a.b] =readData)
far.ac|=sizefa)
fbr.bef=sizerb):

for t=| nok)
for p= I naork
delw(i j k) =N"*de A 3 i iy i
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‘il
end
end
for k=2
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fremid 100) i
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Appendix 6:

ear
1 cadData( )
11I=a
araci=sizela
load
load

=1

tor=1:nof 1)
ml{1=mean(a(i, )
vi(i)=std(a(i, ))

—

An Excerpt from ( sing Mode of ANN Algorithm
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