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ABSTRACT

The research compared the satellite-based indibesNDVI and the
NDDI, to identify agricultural drought in the Digtt of Gunungkidul, Province of
Yogyakarta Special Region. It compared the perfoeaof those two derived
indices from MODO9A1 hyper-temporal images, to gravhich one performs
better as an agricultural drought indicator.

The assessment of agricultural drought in therdtsof Gunungkidul,
Province of Yogyakarta Special Region, does nosteyet. To this regard, the
study may help to get a better understanding ordinieultural drought pattern, as
well as to bring benefit knowledge for drought mgeraent and mitigation.
Besides, it would be bridging the gap from the pes studies that did not
correlate the NDDI to the impacts of drought, wipl®ofing the NDDI's better
performance statement as drought indices. Thefresf is by evaluating indices
with the factual past achieved agricultural-produtt data. Therefore, this study
intended to broaden the research base that prormotesupports the use of NDDI
as a drought indicator.

The research had the pixel-based analysis toifgehe anomaly of two
indices, from examining the profile parameters edsonal graph, i.e.: (1) start-
end period of the paddy growing season; (2) dagtlemf the paddy growing
season; (3) mean values of indices during a padolyigg season; (4) values of
minimum, maximum, and amplitude; and (5) the grqwrate. Then, compared
the anomalies with the paddy productivity, usingelation statistic.

District of Gunungkidul was found not to experieracsevere agricultural
drought. However, several anomalies of vegetati@emness performance were
found in 2003 — 2005, 2007, 2009, and 2011 — 20k deviated condition was
corresponded to the decreasing productivity indkact same years. Some area
that experienced poor vegetation performance immatyp periods was in Sub-
districts of Paliyan, Wonosari, and Panggang. Th&ge-districts commonly
experienced the performance of photosynthetic igtivom paddy greenness that
was lower than the NDVI normal condition, and higkiean the NDDI normal
condition. However, generally all sub-districts exdpnced a slight decline from
the indices’ normal behavior over years.

The NDDI was found outperform the NDVI in corredat with the rain-
fed paddy productivity. The NDDI to paddy produdipvcorrelation in terms of
indices’ mean values was 38.19 %; normal behavias v82.60 %; and
standardized (z-score) anomaly value was 0.2628ileWNDVI to paddy
productivity has correlated 32.51 % in indices’ mealues, -68.55 % in normal
behavior, and -0.51 in standardized (z-score) ahoraues. Taking everything
into consideration, NDDI could be suggested as ttebéndex to indicate the
agricultural drought, corresponded to its strongefation with the crop
productivity.

Keywords: NDVI, NDDI, MODQ9A1, agricultural, drought, Gunukiglul
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1. INTRODUCTION

1.1 Background
1.1.1 Drought and Agricultural Productivity in District o f Gunungkidul,

Province of Yogyakarta Special Region, Indonesia

Drought is a condition of water supply deficierayer an extended period
that makes it drier than normal (Moreland, 2001;A%0 2008). It is a deviated
condition from a normal circumstance that can leagroblems related to water.
Therefore to detect the drought, it requires thgatige anomaly analysis from its
normal behavior.

Generally, drought hazard has several terms baséd perspectives, e.g.,
meteorological drought, hydrological drought, ampli@ultural drought (NOAA,
2008; Rougier, Sparks, & Hill, 2013). Particularbach types of drought deal
with the natural condition over a certain area,.,epgecipitation, temperature,
evapotranspiration, water reserve, soil moisturegetation greenness, etc.
(Mokhtari, 2005).

Agricultural drought is expressed as the affect @ops from the
deficiency of available soil moisture as adequattewretained in the root zone.
Water infiltration into soil that affects the sailoisture is not directly correlated to
the rainfall. Yet, soil water holding capacity iarikedly influenced by soil type,
slope, rainfall intensity, as well as evapotrarsn (World Meteorological
Organization, 2006).

Related to the disaster, agricultural droughtg@ential threats to cause a
severe effect to crop production as well as tocagfural system (Nagarajan,
2010). In some parts of Indonesia, drought has laeelmallenging problem. One
of drought cases happens yearly in the DistrictGoinungkidul, Province of
Yogyakarta Special Region (see Figure 1-1 for tedysarea), especially in the
karsts area on the Southern part as well as iritlyearea on the Northern part
(Fathoni & Priadmodjo, 2013).



Regarding the drought disaster, mass media haaltegpthe effects of
drought in District of Gunungkidul, Province of Yyakarta Special Region. In
2011, fifteen (15) sub-districts out of eighteeB)(&ub-districts there experienced
a wide spreading drought (from ten sub-districts2010). In 2011, drought
disaster had caused thousands of residents in 4mlets needed a clean water
supply, where sub-district of Ngawen and Panggaad) éxperienced the worst
drought. fittp://news.okezone.com/ http://krjogja.com/

http://www.datal.sapa.or.d/

In fact, agriculture sector plays a significaninidoution to the Gross
Regional Domestic Product (GRDP) of Gunungkidul ties (BPS, 2013b),
where in 2013, Agriculture sector supported 36.46R%. 1,329,212 Million) that
contributes as the highest above other sectors, Hgricultural crops covers of
many cultivated plants of food crops (cereals, tages, fruits) and specialty
crops (cotton, tobacco, herbs, etc.). In Distri€t Gunungkidul, Province of
Yogyakarta Special Region, agricultural commodityeslds are produced from
paddy field (wet-land and dry-land paddy) and dagd (maize, cassava, sweet
potatoes, peanuts, and beans). Yet mainly, thewgnal productivity in this
research will be focused on rain-fed paddy crop.
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Figure 1-1 Administration Map of Gunungkidul District: The Aaef Study
Source: (Regional Planning Board of Gunungkidul, 2006)




In the District of Gunungkidul, Province of Yogyaka Special Region,
drought has become an important issue for farmewd lacal government.
Unfortunately, monitoring of agricultural drought this area does not exist yet.
To this regard, the study will help to get a bettederstanding on the agricultural
drought pattern, as well as to bring benefit knalgke for agricultural drought
management and mitigation (de Bie, 2014; persom@incunication).

1.1.2 Indices to Assess Drought

Satellite-based indices are able to indicate tbmpdexity of the geo-
meteorological environment, where in this sensetoismonitor and identify
drought. To this regard, a drought index that cassgply be used is the
Normalized Difference Drought Index (NDDI). It is rlatively new index,
developed in 2007 by Gu et all. Until now, very fetudies are carried out to
assess the use of NDDI.

The research by Gu et all. (2007) assessed NDDVeatk from hyper-
temporal MODIS imageries for grasslands. NDDI wasinid to have more
vigorous response to drought than the use of sddWI (The Normalized
Difference Vegetation Index) or NDWI (The NormalizBifference Water Index)
(Gu, Brown, Verdin, & Wardlow, 2007). Another ND#search was conducted
by Renza et all. (2010) on different vegetationeypusing Landsat imagery,
where NDDI also indicated a stronger response ooght than the use of NDVI
and NDWI (Renza, Martinez, Arquero, & Sanchez, 3023 a comparison, the
values of NDVI and NDWI are strongly correlatedthe vegetation greenness,
while NDDI indicates the dryness period over amargherefore, a lower values
of NDVI and NDWI will increase the values of NDDIsde figure 1-2)
(Mongkolsawat, Wattanakij, & Kamchai, 2009).

NDDI combines the parameters of vegetation gresn@®DVI) and
vegetation water-content (NDWI). In NDDI, a highealue indicates a drier
condition. The formula for NDDI is (Gu et al., 2008



(NDVI — NDWI)

NDDI =
(NDVI + NDWI)

The Normalized Difference Vegetation Index (NDVéxpresses the
photosynthetic active vegetation greenness. It loanused to detect extreme
periods when agricultural crops are affected bystooe deficit (Gu et al., 2007;
Ryu et al., 2011). NDVI uses the reflectance valitem the red band and the
Near Infrared (NIR) band. The formula for NDVI is:

(NIR band — Red band)

NDVI =
(NIR band + Red band)

The Normalized Difference Water Index (NDWI) exgses the water
content of vegetation (Gu et al.,, 2007; Ryu et aD11). NDWI uses the
reflectance values from the Near Infrared (NIR)dand the Shortwave Infrared
(SWIR) band. The formula for NDWI is:

(NIR band - SWIR band)

NDWI =
(NIR band + SWIR band)
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Figure 1-2Relationships between 8 years-mean satellite-dérnaices
(NDVI, NDWI, and NDDI) from Modis Terra 16-days, @neter
Source: Mongkolsawat, Wattanakij, & Kamchai, 2009



A challenge to assess drought in District of Gughkioul, Province of
Yogyakarta Special Region is to evaluate if NDDdleed performs as a better
index than the NDVI, commonly used for crop moniigr Moreover, this study
intends to broaden the research base that prorantesupports the use of NDDI
as a drought indicator (de Bie, 2014; personal camaation).

Formerly, the research by Gu et al., (2007) antzRet al., (2010) did not
correlate NDDI to the impacts of drought on e.@niass or productivity. To this
regard, the best proof if the NDDI outperforms MigVI is by evaluating which
one correlates better to the caused impacts. Rielatthe area of study in District
of Gunungkidul, Province of Yogyakarta Special Regithis study intends to
compare the performance of the two drought ind{®&d3DIl and NDVI), when

related to the factual past achieved agriculturatipctivity data.

1.2 Problem Statement

The assessment of agricultural drought in therBtsbf Gunungkidul,
Province of Yogyakarta Special Region, does nosteyet. To this regard, the
study will help to get a better understanding andfricultural drought pattern, as
well as to bring benefit knowledge for drought mgegraent and mitigation.

There is a challenge to evaluate if NDDI perforassa better index than
the NDVI, commonly used for crop monitoring. Thesbproof is by evaluating
which one correlates better to the caused imp#ws;is the factual past achieved
agricultural-productivity data. Moreover, this syudntends to broaden the

research base that promotes and supports the dHeRifas a drought indicator.

1.3  Objective and Research Questions
1.3.1 Research Objective
The general objective of this research is teesssf the use of NDDI
outperforms NDVI to indicate the impact of agricu#il drought.
1.3.2 Research Questions
Based on the research objective and problemnséaitie specific objectives

of this research are generated into some reseagstigns as:



Table 1-1.Specific Objectives and Research Questions

lid

SPECIFIC OBJECTIVES RESEARCH QUESTIONS

To quantify two drought indicatonsl. When during a crop growing season

(NDVI and NDDI) in District of the drought happen?

Gunungkidul, Province of2. Based on NDVI and NDDI negative

Yogyakarta Special Region. anomaly interpretation, where are the

To identify the paddy field locations  paddy field locations that may have
experienced drought?

To relate the drought indicatord. How strong are the correlations of the

(NDVI and NDDI) to the derived drought indicators values with

agricultural productivity in District  the paddy crop productivity?

of  Gunungkidul, Province qaf5. Which one of the two drought

Yogyakarta Special Region. indicators performs best to indicate th
agricultural drought?

1}

N

e




1.4  Methodological Flowchart
1.4.1 Conceptual Framework
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1.4.2 Methodological Framework
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2. LITERATURE REVIEW

2.1  Agricultural Drought and Its Occurrence in District of Gunungkidul

Drought is a condition of water supply deficieraxer an extended period
that makes it drier than normal (Moreland, 2001;A%0 2008). It is a deviated
condition from a normal circumstance that can leagroblems related to water.
Therefore to detect the drought, it requires thgatige anomaly analysis from its
normal behavior.

Generally, drought hazard has several terms baséd perspectives, e.g.,
meteorological drought, hydrological drought, ampli@ultural drought (NOAA,
2008; Rougier et al., 2013) as seen in Figure Bldvin Particularly, each types of
drought deal with the natural condition over a aertarea, e.g., precipitation,
temperature, evapotranspiration, water reservel sodisture, vegetation
greenness, etc. (Mokhtari, 2005).

Agricultural drought is expressed as the affect @ops from the
deficiency of available soil moisture as adequattewretained in the root zone.
Water infiltration into soil that affects the sailoisture is not directly correlated to
the rainfall. Yet, soil water holding capacity iarikedly influenced by soil type,
slope, rainfall intensity, as well as evapotrarswn (World Meteorological
Organization, 2006).

Agricultural drought has potential threats to @aassevere effect to crop
production as well as to agricultural system (Nagar, 2010). In some parts of
Indonesia, drought has been a challenging prob@me. of drought cases happens
yearly in the District of Gunungkidul, Province ¥bgyakarta Special Region,
especially in the karsts area on the Southerngsanell as in the hilly area on the
Northern part (Fathoni & Priadmodjo, 2013).

Regarding the drought disaster, mass media haaltegpthe effects of
drought in District of Gunungkidul, Province of Yyakarta Special Region. In
2011, fifteen (15) sub-districts out of eighteeB)(&ub-districts there experienced



a wide spreading drought (from ten sub-districts2Dil0). In 2011, drought

disaster had caused thousands of residents in 4milets needed a clean water
supply, where sub-district of Ngawen and Panggeaend) éxperienced the worst
drought. fittp://news.okezone.com/ http://krjogja.com/

http://www.datal.sapa.or.)d/

In the District of Gunungkidul, Province of Yogyaka Special Region,
drought has become an important issue for farmewd lacal government.
Unfortunately, monitoring of agricultural drought this area does not exist yet.
To this regard, the study will help to get a bettederstanding on the agricultural
drought pattern, as well as to bring benefit knalgke for drought management

and mitigation.

Natural climate variability

Precipition deficiency High temperatures, high winds,
(amount, intensity, timing) low relative humidity, greater
sunshine, less cloud cover

drought

Reduced infiltration, runoff,
deep percolation and Increased evaporation
groundwater recharge and transpiration

2
2
g
£

] T
=

g i%
- =B
z g 2
© Plant water stress, reduced S5

E biomass and yield <

Reduced streamflow, inflow to .§

. o

reservoirs, lakes, and ponds; )

reduced wetlands, E

wildlife habitat £

|
I Economic impacts | ‘ Social impacts | | Environmental impacts ‘

Figure 2-1 Sequence of drought occurrence & commonly accegiaaght types
Source: (World Meteorological Organization, 2006)

2.2 Satellite Image of MODIS TERRA *“MODQ09A1” for Drought
Indication
Satellite-based indices are able to indicate tbmplexity of the geo-
meteorological environment; where in this senseelated to the monitoring and
identifying drought. The agro-ecosystems show ahdrigseasonal variability

compared to its spatial dynamic (C. a. J. M. De, Biean, Toxopeus, Venus, &
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Skidmore, 2008). To this regard, a set of hypergteral satellite imagery is an
important kind of data source. MODO9AL is an appedp one, since this
imagery provides an 8-day temporal resolution &-&@ter of spatial resolution.

The general science data set of MOD09A1 is shoam ffable 2-1.:

Table 2-1.MODO09A1 General Characteristic

Temporal Coverage February 24, 2000 — now

UJ

Area, Resolution ~10 x 10 lat/long, 500 meter

File Size, Data Formal ~64 MB, HDF-EOS

Projection Sinusoidal

Dimensions 2400 x 2400 rows/columns

Source: (Survey, 2015)

Besides, MODO09AL1 also provides 7 bands of surfaflectance; three of
which are suitable to calculate three indices (NDNDWI, and NDDI.) These
indices basically need bands of: Band 1 (620 —rG#pfor red, band 2 (841 — 876
nm) for NIR and band 7 (2,105 — 2,155 nm) for SWHRpressed on figure 2-2 is

the surface response in different spectral ranges
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] l M| 83 B4 .'l \ Bl ||I
| azs 1 i
-y
0z | _|l|
Eors l | |
z { {0
a0 /___-__—J:‘\_T_/_fL
200 g ﬂ-"_—l———._"
. 038 045 033 L] aTs
035 055 QTS OFS 105 135 155 175 695 215 23 i
n‘l.w-pnnq :mp ¥ A \Wavalength (um) B
050 B2 B5 080 BS
45 o4l Il
Lel — - 040
[EL: 'f(( ﬁ\_‘__/’l 038
tran | »

Refleclance

028

020 N

L L 5 .//.-_“

81 (AL | e

oS /)g]k\—r———-—-— oos / \
= ago s
s

108 118 138 s C THE 145 184 108 175 188 196 208 208 234 238 D
WWarwelength (um) Waelength {pm|

Legend —B1 —B2 —B3 — B4 —B5 —86 —B7

Dy sail Wt soil Flood § om Flood 10 om {turbid) —Flood 10 cm (algas) RICE {LAl 0.16) —RICE (LAl 3.0}

Figure 2-2 Surface responses at different spectral rangesll(ggnge: 350-2500
pum, (b) visible: 0.35—-0.7fm, (c) NIR: 0.75-1.3%m, (d) SWIR: 1.4-2.5m
Source:
(http://www.plosone.org/article/info%3Adoi%2F10.13%2F|ournal.pone.00887
41)
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2.3 MODIS TERRA “MODO09A1” Images Processing
2.3.1 Indices Calculation Using Formula

The Normalized Difference Vegetation Index (NDVéxpresses the
photosynthetic active vegetation greenness. It lmanused to detect extreme
periods when agricultural crops are affected bystooe deficit (Gu et al., 2007;
Ryu et al., 2011). NDVI uses the reflectance valitem the red band and the
Near Infrared (NIR) band. The formula for NDVI is:

(NIR band — Red band)

NDVI =
(NIR band + Red band)

The Normalized Difference Water Index (NDWI) exmes the water
content of vegetation (Gu et al.,, 2007; Ryu et aD11). NDWI uses the
reflectance values from the Near Infrared (NIR)dand the Shortwave Infrared
(SWIR) band. The formula for NDWI is:

(NIR band - SWIR band)
(NIR band + SWIR band)

NDWI =

NDDI combines the parameters of vegetation greenr(®VI) and
vegetation water-content (NDWI). Similar to the exthwo indices, NDVI and
NDWI, the value of NDDI ranges between -1 to +1t ¥eNDDI, a higher value
indicates a drier condition. The formula for NDBI(Gu et al., 2008):

(NDVI — NDWI)

NDDI =
(NDVI + NDWI)

2.3.2 Smoothing (Upper Envelop) the Noise in Hyper-tempal Images
Using TIMESAT
Cloud cover in the time-series images could be cedby applying the
filter of adaptive Savitzky-Golay method using TIBET (NRS) Package, run in
ENVI Software. Figure 2-3 shows the cleaning effiecteduce the atmospheric

noise, so that the harmonic profile getting smoofBénsson & Eklundh, 2002).
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Figure 2-3 Smoothing Effect (Before and After Applying Upgemvelop
Filter) to Reduce the Noise in Hypertemporal Imadesg TIMESAT
Source: (K. (C. A. J. M. . de Bie & Skidmore, 2010)

2.3.3 ISODATA (lterative Self-Organizing Data Analysis)

ISODATA is one of the methods in unsupervised sifecgtion in ENVI
and ERDAS Imagine. Unsupervised classification grens more automatically
by computer-controlled (no help from ground or diedlata) than supervised
classification that needs assistance from the Beddraining samples (“Erdas
Imagine: Supervised classification,” n.d.).

ISODATA assigns a pixel value into one class, base certain criteria.
This pixel clustering have several purposes, estated to the application in
agriculture (to generate crop variability on crogpipattern, cropping calendar,
crop type, etc) (Asilo et al., 2014).

For clustering, ISODATA performs an algorithm ofinimum spectral
distance (Minimum Euclidean Distance) of the clos#ass center, repeated in
iterative process to calculate class’ averagdaltsfrom either an assigned set or
arbitral class means. Then the iteration runs ¢aloelate statistic until the mean
values of those clusters are changed for new cldsg: class is created either
after the iteration process reaches the maximumdefieed number (50
iterations) or the unchanged pixels reach a maxirpansentage (C. a. J. M. De
Bie et al., 2008).
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Therefore, ISODATA could be used to simplify tHeuadant information
from multi-temporal images. However, the tricky tparthat ISODATA may take
into account the information from several pixelsoira larger spatial unit by
spatial aggregation (see Figure 2-4). This wouldabzhallenging part, once the
analyzed locations have only a little area exteetause this aggregation may

mix-up the spatial information from several pixalwes.

0.26 032 0.29

030 034 033 — 031

0.32 0.28 035

Figure 2-4 Spatial Aggregation to Simplify Mean Values fronv8el Pixels
(FAO, 2011a)

2.4 Crop Growing Season of Rain-fed Paddy Field
Crop phenology is corresponded to the period op’srtife stages. This
life cycle is related to the seasonal influencenfrdimatic condition (e.g. rainfall
and temperature). Crop stages are differed fromtypeeto another type of crops.
For rain-fed paddy field, the life stage takeswhi05 — 120 DAT (Days
After Transplanting) from the initial or seedlingage to harvesting stage. The
phases of life stage could be divided into:
* Phase of Vegetative (25 — 40 DAT, takes about 80 days):
— Stage of seedling (0 — 20 DAT) that is a transpglaom phase on the
prepared field
— Stage of tillering (20 — 30 DAT) that is once theeds are growing
and the leaves are developing
— Stage of stem elongation (30 — 40 DAT) is whengaddy is growing
higher

14



GROWTH

Vegetative

Source: (International Rice Research Institute,7200

* Phase of Reproductive Stage (40 — 60 DAT, takeate@ibdays):
— Stage of panicle, that is an initiation booting
— Stage of heading
— Stage of flowering (15 — 20 days)

Reproductive

Source: (International Rice Research Institute,7200

* Phase of Generative or Ripening (60 — 105 DAT,dakeout 30 days):
It is the phase that has been affected by theaitsrdind temperature. Dry
periods and high temperatures may shorten thiseplvelsile wet periods
and low temperatures may lengthen it. This phaserapasses the stage
of milk (60 — 80 days), and the stage of dough8M5 days)

GROWTH
STAGES

Source: (International Rice Research Institute,7200

e Mature Stage / Harvesting Stage (105 — 110 DATedaKL0 — 20 days)

Source: (International Rice Research Institute,7200
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Crop calendar is the integrated information ab@ldanting season,
provided by official government. Crop calendar giwseveral information, e.g.:
the estimation of planting time; the area extenfplainted field in a particular
region; the local farming activities (needs fortifemer and seeds); and the
potential hazard (flood, drought, and plant scouwtge to pest or disease). Crop
calendar provides the local-level information (Usuantil sub-district level),
corresponds to the geographical condition and sehsariability that affect the
crop’s planting time and its life length.

In reality, the estimation of planting time colld shifted, related to for
example: the condition of rainfall, changing in gnearieties, or farming practices.
Dry spell is an example of this abnormal condititbis the lag of the rainy season
due to the elongated dry days. This delay couldcafthe crop cycle length as
well as the yield productivity, though the effeadwid not be as devastating as the
effect from drought occurrence (Barron, Rockstré@ighuki, & Hatibu, 2003).
This lag in planting phase could be detected from geasonal graph of indices

profile, derived from the multi-temporal imagesgg$gure 2.5).

Figure 2-5Delay on the Growing Season, Derived from the NDWhe Series
(FAO, 2011b)
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2.5 Temporal Graph of Indices Histogram for the Renditon of Normal
Condition and Anomaly Occurrence
The normal behavior and anomaly occurrence opti@osynthetic active
vegetation greenness could be retrieved from thditien or interpretation of the

seasonal (temporal) graph of indices profiles (§@VI, NDWI, NDDI, etc.).

2.5.1 Seasonal (Temporal) Graph of Indices Profile

Temporal graph presents the dynamic charactens$tibe photosynthetic
active vegetation greenness on certain periodcésdprofiles were derived from
the value extraction of certain pixel of the muétmporal images. The profile
therefore carries the spatial and multi-tempor&rimation from one pixel that
shows the dynamic behaviour through certain peféd. during Crop Growing
Season). Figure 2-6 shows the example of tempasghgof NDVI dynamic

values from a certain pixel.

Figure 2-6 Temporal Graph of NDVI Dynamic Values, Retrieveani One Pixel
(FAO, 2011b)

In paddy life stage, the Crop Growing Season (Ck&f8)association with
the vegetation greenness (see Figure 2.7). Thegese condition are staging up
until the paddy phase of flowering (Mosleh, Hassa&howdhury, 2015). In this
research, the Crop Growing Season (GCS) of thefeadipaddy field are used as
base period to generate the indices profile. Thusyrmally takes about 60 — 65
days for rain-fed paddy to reach the greenest tiondi
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Figure 2-7 Paddy Stage Associated to Its Greenness Condition
Source: (Mosleh et al., 2015)

2.5.2 Parameters of Seasonal (Temporal) Graph
Related to the temporal graph parameters, theypgiedving season could
be presented in a seasonal graph as in figure Th8. graph shows several
parameters from indices histogram (Jonsson & EKluaa14), i.e.:
“a” and “b”. “a” expresses the onset or the begignof growing season
(the emergence of crop), while “b” expresses th& @ngrowing season
(the harvesting stage). These parameters are defipghe 10% of the
distance between the base-value “d” with the marmvalue “f".
— “c” shows the Length of Cycle (LOC) that is thetdisce between the
start-end of growing season;
- The base value “d” is the lower values before theeb and the end of
growing season.
- "e” and “f” express the peek parameters. “e” shdhs middle season
period, while “f” is the maximum value of indiceth¢ end of vegetative

phase or the flowering period);
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— The amplitud “g” shows the difference between the iimum-minimum
values of indicesTherefore, amplitude shows the variation of temp
indices values in year:

- “h” and “I” are the first and second intec, respectively. “h” expresst
the temporal active vegetation greenness, while éKpresses tF
vegetation’s net productic

— Greenup rate expresses the stac-up speed from the paddy emerge
or the paddy establishment. It is the halfway moldtween the minimu-
maximum values. This rate of increase is expregsethe ratio betwee

the amplitude and the time period from sta middle seaso

TIMESAT

parameters )
D L] T ] J

12 24 36 47 61
Time
Figure 2-8 Seasonal Parameters: (a) onset season, (b) erdsafrs (c) seast
length (length of cycle), (d) base value, (e) medsibason, (f) maximum value, |
amplitude, (h) first integral area, (§econd integral ar
(Jonsson & Eklundh, 2002)
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2.5.3 Rendition of Normal Condition and Anomaly Occurrene from

Seasonal Graph

Anomaly in terms of agricultural drought corresgsiio indices values are
expressed as a negative deviation from the norovaditon. It may indicate the
low performance of the photosynthetic active vemta greenness. This
suppressing disturbance could affect the crop pidty.

The dynamic behaviour of indices values over aerigears could be
calculated for its mean values to correspond a n@ioe as an average condition.
The average calculation should be considered tquiaatified within the similar
period (e.g. at Crop Growing Season, wet or drs@eadecadal period, etc) of
the reference years. Therefore, the normal comditauld be identified by taking
into account the dynamic behaviour from the presigaars’ average values on

the same season as shown in the formula of:

Normal Condition = Mean Values of Previous Years at the same season

Anomaly in terms of agricultural drought identdien is basically a value
deviated from the normal behaviour, as expresseénage condition. Anomaly
could be identified in three ways (FAO, 2011b)

e Absolute Anomaly

Anomaly is detected from the decreasing values wb tdifferent

references, where the current value is subtragtegtidomulti-annual mean

value of previous years. This is the easiest wagaloulate anomaly, as

seen from the function below:

Absolute Anomaly = Current Value (year x) — Nori@ahdition Value

20



* Relative Anomaly
Anomaly is expressed as a percentage of the norata¢. Current value
that is < 100% is identified to be the anomaly frarmmormal level, as

expressed from the function below:

100 x Current Value

Relative Anomaly

Normal Condition Value

» Standardized (Z-score) Anomaly
Anomaly is indicated by the variability between sgavhere the number
of standard deviations current is expressed belowabove the normal

condition. The formula is:

(Current Value—Normal Condition Value)

Standardized (Z-score) Anomat

2.6 Unit Analysis of Indices Profile

To interpret the indices profile (NDVI and NDDIj firstly takes a
consideration to choose whether using the unityaisathat is a pixel-based or a
class-based level. Pixel-based generates the sidiakies from selecting the
exact locations; while class-based basically seldbe locations, based on
unsupervised classification from the ISODATA.

By means of this, there are several pros and ¢onbe considered,
especially in terms of the abundant informatiomieged from the hyper-temporal
indices. By using the class-based, the mixed in&ion in one pixel related to
landcover types is quite an issue. It is becausmay also aggregate some
landcover types dissolved into one class. Howey&ng the original pixel-based
values is quite an issue regarding to its massif@mation, extracted over the
hyper-temporal imageries (see Figure 2.9).
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Figure 2-9 Spatial Representations of the NDDI Values in fisof
Gunungkidul, on February"7 2000 (DOY 2000049), by (a) classed-based of 9
NDDI classes, and (b) pixel-based of 255 DN Values
Source: MODO09A1 Processing, 2014

2.7 Relevant Studies
Some previous studies regarding agricultural dnowging satellite-based
indices (primarily NDDI and NDVI) are mentioned bef:

1. Research by Gu et all. (2007) to assess NDDI deifireen MODIS imageries
for grasslands. NDDI was found to have more vigermesponse to drought
than the use of solely NDVI (The Normalized Diffiece Vegetation Index)
or NDWI (The Normalized Difference Water Index) (6ual., 2007).

2. Drought pattern on crop management was explorédbmheastern Thailand
in 2001 - 2008, by using NDVI and NDDI from Terra&aIS
(Mongkolsawat et al., 2009). The research founduge of this indices to be
effective to assess drought, since using climadia ¢has challenge in spatial
coverage.

3. NDDI research, conducted by Renza et all. (2010)diffierent vegetation
types using Landsat imagery. NDDI also indicatedtranger response to
drought than the use of NDVI and NDWI. The valuésN®VI and NDWI
are strongly correlated to the vegetation greenmelstie NDDI indicates the
dryness period over an area (Renza et al., 2010).

4. Research to estimate drought severity by using NDOWIphotosynthetic
activity and NDDI on dryness of vegetation was alsalertaken in the

Iberian Peninsula from 1999 — 2009 (Gouveia, Baskago, & DaCamara,
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2012). Result found that NDDI was an effective falanto estimate drought
due to its combination on vegetation and water .

5. Another NDDI and NDVI research to assess peremm@ight was conducted
in arid and semi arid Baringo County, Kenya (KagoiNdegwa Mundia,
n.d.). In this research drought assessment wadatati by meteorological
data from NOAA-AVRHR to determine variability ofirdall
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3. STUDY AREA

3.1 Location and Administration of Study Area

District of Gunungkidul is located in the Eastermrtpof the Province of
Yogyakarta Special Region. It is located 64& — 809" S and 11®1' — 11050’
E. District of Gunungkidul has a total area extehtl,485.36 K or coverst
46.63% of Province of Yogyakarta area (BPS, 201Bais district is consisted of
18 sub-districts and 144 villages (See Figure 1-1).

3.2 Soil Type

Generally, District of Gunungkidul has severall styipes with low
drainage quality and a relatively thin-soil lay@his area is mostly karstic by
limestone and marl (especially in Southern pargufe 3-1 shows that there are
also entisols (acid litosols and rensina), alfisoéditeran and latosol), as well as
vertisols (grumosols); with pH-value ranges frofs 5.7.5 (Enryd, 1998).

In northern part of Gunungkidul district, the m&kis a volcanic origin,
though there are also steep limestone-ridge arfeasyd, 1998). This area is
dominated by litosol and latosol with volcanic-hostk. In center part, the area is
covered by the association of red mediterranean laladk grumosol with
limestone material; so that when drought happémsarea could still have water
storage though the surface river could possiblgrex off (Local Government of
Gunungkidul District, 2014).

Related to the agricultural drought, soil typesehapecial characteristic
that may affect the agricultural drought. Soil teetis related with its moisture,
especially corresponds to the infiltration and peaility. Coarse sand with grain
particle has a larger pore (e.g. litosol). Thistdex will easily pass-through the
water into deeper layer and hardly hold the waléris condition makes it
susceptible to agricultural drought. Meanwhilet, aiid clay soil with smooth and

fine texture has a smaller pore therefore canmdta water more (e.g. latosol,
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rendzina, mediterran, and grumosol) (Dudal & Sugmiagrjo, 1982; FAO,
UNESCO, & ISRIC, 1997; USDA, 1977).

USDA | PPT SYSTEM

Entisols & Inceptisols  Aluvial
Vertisol Grumusol
[ Alfisols & Inceptisols  Latosol
I Entisols Litosol
I A fisols Mediteran
I Entisols & Inceptisols Regosol
I Entisols Rensina

Figure 3-1Soil Type Map of Gunungkidul District
Source: (Enryd, 1998)

3.3  General Morphology and Geo-hydrological Condition

From its topographical condition, the height of @ngkidul ranges
between 0 — 800 meter above mean sea level (a)nngtl most of its area lies in
height range of 100 — 500 meter a.m.s.l. (see didi2). Moreover, it has three
main morphological differences from the northernt pathe southern part:

» Firstly, the north zone (Batur Agung). It is a ifirea with height ranges
from 200 — 700 meter a.m.s.l. Geo-hyrodrologicgletyf this area is a
scarce groundwater (see figure 3-3). In this avealerground water is
usually found at 6 — 12 meter. About 6 sub-disirante located at this area
(Patuk, Gedangsari, Nglipar, Ngawen, Semin, dartigéon Ponjong).

e Secondly, the center zone (Ledok Wonosari). Thia isasin area with
height ranges from 150 — 200 meter a.m.s.l. Watdetis usually found at
60 — 120 meter. About 5 sub-districts are locatedhs area (Playen,
Wonosari, Karangmojo, Center part of Ponjong, andiern Semanu).

* And lastly, the southern zone, Gunung Seribu (Duigebergton or Zuider
gebergton). It has height ranges from 0 — 300 meters.l. It is a karst
zone (conical limestone or kegelkarst type) thad heany underground
rivers. About 10 sub-districts are located at #@nisa (Saptosari, Paliyan,

Girisubo, Tanjungsari, Tepus, Rongkop, Purwosasndggang, Souhtern
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Ponjong, and Souhtern Semanu) (Local GovernmenGuahungkidul
District, 2014). The geo-hydrological type of trenter and southern zone
are mostly covered by a highly-gap aquifer (seerég-3).
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KARANGMOJO 2.500m
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PANGGANG S
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Figure 3-2General View of Gunungkidul Morphology
Source: SRTM
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Figure 3-3 Geo-hydrological Map of Gunungkidul Morphology
Source: (Regional Planning Board of Gunungkidul, 2006)
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3.4 Climate

Gunungkidul District has a tropical cimate. Gengralhe mean annual
rainfall is 1,900 — 2,100 mm/year, with the totainrdays are 88 — 103 days/year.
Wet months stay for 7 — 8 months (October — Apwiljjle dry months stay for 4
— 5 months (May — September). Figure 3-4 showshtgkest rainfall (2,501 —
3,500 mm/year) that occurs in the Southern pamref (Local Government of
Gunungkidul District, 2014).

Figure 3-5 shows the monthly rainfalls intensitgp(t as well as the
number of rain days (bottom) over years in the rdistof Gunungkidul. The
rainfall peak usually happens in December — Felgruahile the lowest rainfall
intensity happens in June — September. Besidedjiginest number of rain days
was in 2010 (126 rain days), while the lowest numi&s in 2002 (61 rain days)
(BPS, 2002, 2006, 2009, 2013b).

The temperature ranges from 23.2 — 324 while the humidity ranges
between 80 — 85 %, varied majorly by the seasoaab@. The highest humidity
happens in January — March, while the lowest happenSeptember (Local

Government of Gunungkidul District, 2014).

PEMERINTAH KABUPATEN
GUNUNGKID

PENYUSUNAN STRATEGI SANITASI
KABUPATEN GUNUNGKIDUL

% PETA KLIMATOLOGI

Figure 3-4 Rainfall Map of Gunungkidul District
Source: (Regional Planning Board of Gunungkidul, 2006)
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Figure 3-5Monthly Rainfalls in mm (top) and Number of RainyBgbottom)
in District of Gunungkidul, Year 2000201z
Source: (BPS, 2002, 2006, 2009, 2013b)

3.5 Agriculture in Gunungkidul
3.5.1 Rice Field Area in District of Gunungkidul

In year of 2013,the harvested area from rded paddy field ir
Gunungkidul District reached 43,361 Ha. Figu-6 shows the location of tt
rain-fed paddy field area by swdistrict. The irrigated rice field has a total a
extent of 2,355 Ha, while the rifed rice field has an area of 5,510 (Local
Government of Gunungkidul District, 20..

Figure 37 shows the comparisoof the harvested area fromrain-fed
paddy field(Ha) with the area extent of S-District. The graph shows thsub-

district of Wonosari had the most extensive haegstrea of ra-fed paddy field
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(3,103.62 Ha), while Gedangsari had the lowest w#fi.76 Ha. From the ar:
extent atio between the harvested areas of-fed paddy field to its st-district;
Wonosari has the highest ratio of 41.10, while Ggdari has only 8.0
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3.5.2 Cropping Calendar

Best planting time is related to the seasonal itimmd(rainfall intensity).
In Gunungkidul area, rainy season usually happe@ctober — March, while the
dry season happens in April — September.

From the cropping calendar in District of Gunurdyki(see Table 3-1), the
1% planting normally happens between tH¥ geriod of October until the"2
period of November. While for thd®@planting generally happens between tffe 2
period of February until the"®period of March (Ministry of Agriculture, 2014).
Farmers usually start preparing the field in theye@ctober for the T planting,
and in the early February for th& planting.

However, related to the meteorological conditiofesg. the rainfall
intensity and the onset of rainy season), thistpigrperiod could be shifted from
that normal period. Dry spell is an example of aBnamal condition. It is the lag
of the rainy season due to the elongated dry dagtated to drought, dry spell
could bring a potential damage to the crops, thaingheffect would not be as
devastating as the effect from drought occurreBeerpn, Rockstrom, Gichuki, &
Hatibu, 2003).

Table 3-1.Paddy Planting Calendar in District of Gunungkidar 2014

Month Jan
Week 112])3]4

May June July Aug Sept Oct Nov Dec
1] 2| 3] 4| 1] 2] 3] 4| 1] 2| 3| 4] 1] 2| 3| 4| 1| 2| 3] 4] 1] 2| 3| 4] 1] 2| 3| 4| 1| 2| 3| 4

81.43

Paddy Growing
Season

G G H P
Rainfalls (mm) JEEPIPAN 319.17 243.09 191.28 109.65 59.63 49.41 15.03 33.14

178

P: Field Preparatiorns: SeedlingV: Vegetative Phas&: Generative Phasel: Harvesting
Source: (Ministry of Agriculture, 2014)

The typical rain-fed paddy variety that was pldnte District of
Gunungkidul is “Ciherang” with the age of 107 — 1d&ys (15 — 16 weeks). But
since 2012, the variety had been changed into ‘Baigendit” with the age of 110
— 120 days (15 — 17 weeks).
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In paddy planting stage, there are three growhmagsps; (1) vegetative: 0 —
60 days, (2) generative: day 60 — 90, (3) harvgstilay 90 — 120. Vegetative
phase starts from the planting days until the pdddyes are developed and the
paddy is higher. Generative phase starts from pgpeaance of paddy’s grain
until the flowering. (Center for Soil & Agroclimatesearch, 2004)

The Crop Growing Season (CGS) happens in the aggefphase. Related
to the MODO9AL time-series imageries, the CGS foeeecould be detected by
identifying the highest values of NDVI. NDVI coukkpress the photosynthetic
active vegetation greenness that is sensitive ipgmt the vegetative phase of
paddy planting stage (see Figure 2-7).

3.5.3 Rain-fed Paddy Productivity in District of Gunungkidul

Spatially, statistic of crop will help identifyinghe variation of crop
performance in different areas; that will be betiafito monitor and assess crop
production (Khan, De Bie, Keulen, Smaling, & R&2,10). Figure 3-8 shows the
paddy production by Sub-district (Ton) in GunungKidDistrict, year 2013. It
shows that the paddy production in Sub-districtd?ofwosari, Tanjungsari, and
Tepus was <10,000 tons, while in Sub-districts atuR, Semin, Karangmojo, and
Ponjong was >20,000 tons (BPS, 2014).

In District of Gunungkidul, there is a typical agitural systemof
tumpangsaripractice. It is an intercropping system, especialla rain-fed paddy
field that is planted with the secondary crops,:ampize or soybean. Therefore,
the agricultural commodities yields are not onlpdguced from the paddy (wet-
land and dry-land paddy), but also from dry-fieldgs (maize, cassava, sweet
potatoes, peanuts, and beans). However, the agriaulproductivity in this
research will be focused only on rain-fed paddycro
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Figure 3-8 Map of Paddy Production by S-district (Ton) in Gunungkidu
District, 2012
Source: (BPS, 2013b)

Productivity measures the production efficiency domparing the yiel
production to its area extent. Figur-9 shows the productivity of the refed
paddy crop in District of Gunungkidul, from year 890—- 2013. It show an
increasing trendn about 20 yea. The lowest productivity happened in 1¢
(24.92 Qu/Ha), and the highest happened in 20124448u/Ha) The annual
mean productivity from 199- 2013 was 34.05 Qu/Ha.
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Figure 3-9Rair-fed Paddy Productivitin District of Gunungkidul
Year 1990 - 2013
Source: (BPS, 2014)
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Figures 3-10 expresses the rain-fed paddy prodtyctiverage in District
of Gunungkidul, by sub-districts within 1997 — 201atially, the map shows
several sub-districts that relatively have a lovan-fed paddy productivity than
any others sub-districts, e.g. Patuk, PurwosamgBang, Saptosari, and Tepus.
This is related to the physical condition of thas#-districts; where Patuk is a
hilly area in the Northern part of Gunungkidul Dist, while the three others are
karstic area in the Southern part of Gunungkidwsitibat.
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Figure 3-10Map of Rain-fed Paddy Productivity (Quintals/Heedar
By Sub-district, Years of 1997 — 2013
Source data processing

3.5.4 Agriculture Contribution to GRDP (Growth Regional Domestic

Product)

GRDP is an indicator to the development of ecowomicertain region
and period. GRDP expresses the grand total of dheevadded production from
goods and services. In 2013, GRDP of Gunungkidstrigi reached 8.902.405
Million Rupiahs where agriculture sector gave thghhst contribution as it has
always been over years (BPS, 2014).
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In 2013, Agriculture sector contributed 36.49% (Ry329,212 Million) as
the highest contributor. In 2013, rain-fed paddidigave 67.50% (195.563,18
tons) from the whole total paddy production (289,%&ns) (BPS, 2014).

3.6  Drought in District of Gunungkidul
Generally, drought has been a challenging casehe District of

Gunungkidul, Province of Yogyakarta Special Regidris area has been
experiencing a yearly agricultural drought. In 20fifteen (15) sub-districts out
of eighteen (18) sub-districts were experiencedidevgpreading drought (from
ten sub-districts in 2010). In 2011, drought disadtad caused thousands of
residents in 171 hamlets needed a clean water ysupgiere sub-district of
Ngawen and Panggang had experienced the worstldroligis condition affects
the agriculture activities and its yield where bottocal and national mass media
has been reporting drought occurrences in mostspat this area.

(http://news.okezone.com/, http://krjogja.commitp://www.datal.sapa.or.id/

34



4.1

4. MATERIAL AND METHODOLOGY

Material Dataset
Related to the research, the dataset needed were:

Modis Terra MODO09AL1 (8-day temporal resolution &0 meter spatial
resolution), within a 14-years period (2000 — 20I#)e bands used are:
Band 1 (620 — 670 nm) for red, band 2 (841 — 87§ fomNIR and band 5
(1,230 — 1,250 nm) for SWIR. Source: LP DAAC.

Crop statistics of rain-fed paddy productivity hybsdistricts, year 2000 —
2014. Source: Local Statistics of Gunungkidul Destrand Department of
Agriculture and Horticulture of Gunungkidul Distric

Landsat 8 for path/row: 120/65 (June22013), 119/60 (October 87
2013), and 120/66 (September'282013); from LAPAN (National
Institute of Aeronautics and Space)

Landcover map of District of Gunungkidul, year 20@®urce: Bappeda
(Agency of Regional Development Planning) and theospatial
Information Agency (BIG)

Sub-district Border from Bappeda (Agency of Reglobevelopment
Planning) and Local BPS (Central Bureau of Stassti

Rice Crop Calendar from the Ministry of Agriculture

Soil type of Gunungkidul Area from Puslitanak (Said Agro-climate
Research Center)

Rainfall Data year 2000 — 2014 from BMKG (Indonesidgency for
Meteorology, Climatology and Geophysics) and Lo&thatistics of
Gunungkidul District
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4.2  Methodology

The conceptual framework could be seen from Figu8ein section 1.4.1.
It illustrates how the research was conducted. Tasearch would primarily
generate the satellite-based indices of NDVI andDNfbom the MODO09A1 time-
series images. The indices profiles were extractedhe rain-fed paddy field,
within a crop growing seasons over a 14-year peviostudy (2000 — 2014). The
dynamic behavior of these two indices was analy#®ugh the seasonal
histogram parameters, to indicate the agricultdralght happened in District of
Gunungkidul.

The analysis of seasonal histogram was based onintfiees’ graph
parameters (Jonsson & Eklundh, 2014) as previoosntion in section 2.5.2,
i.e.: (1) the onset and the end of paddy growirgsaee, (2) the length of paddy
life cycle, (3) the amplitude for the variation teimporal indices values in years,
and (4) the green-up rate of the paddy stagingeepd. After that, the agricultural
drought was indicated from the rendition of the mak condition (average of
previous years) and anomaly occurrence (negativeatien from normal
condition) based on the dynamic behavior from seaduistogram.

Then, the performance of these indices in indicgtine agricultural drought
was compared to the rain-fed paddy productivity each sub-district. The
comparison was done by using the correlation adefit between the indices
performance and rain-fed productivity to evaluateal index performs better as
an agricultural drought indicator.

Basically, the research could be divided into fagpects: (1) Material and
Dataset Collection, (2) MODIS TERRA MODO09A1 Prodasgs (3) Sampling
Selection, (4) Analysis, (5) Fieldwork Verificatigm.e:
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4.2.1 Material and Dataset Collection
Data collection and preparation, as previously meaet in point 4.1 of
material datasets

4.2.2 MODIS TERRA “MODQ09A1” Processing
The framework of this phase could be seen from réidit4 in section
1.4.2. This phase explains how the MODIS TERRA “MI¥A1” was processed
to generate the indices profiling, i.e.:
1. MODO9A1 hyper-temporal Images Stacking Over 14-gear
MODIS MODOQ09A1 provides an 8-day temporal resolutsance February
24" 2000. Therefore the total numbers of stacked @sagsed in this research
were 658 multi-temporal images for a 14-years peofbstudy.
2. Quantifying the NDVI and the NDWI.
The indices calculation was done by processingstaeked-MODO09A1
using ENVI Classic Software. The result was to gatgethe dynamic profile of
NDVI and NDWI values over 14 years. The formuladNafVI and NDWI are:

(NIR band — Red band)
(NIR band + Red band)

NDVI =

(NIR band - SWIR band)

NDWI =
(NIR band + SWIR band)

3. Hyper-temporal Images Filtering Using Adaptive $aky-Golay

This step was to apply the Adaptive Savitzky-Gdiidtgr on the multi-
temporal images. The filtering process was to clg@nimages from the cloud
cover noise. Those time-series images were alreadtained the information of
the calculated indices (NDVI and NDWI) values.

Figure 4.1 shows how the filtering process affelts profile smoothness.
This profile was selected from a pixel, mostly c@eeby the rain-fed paddy field
(450325.91768 E and 9115842.02812 S).
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NDVI Profile Before anc After Filtering
Location: 450325.51768E & 9115842.028125, Year 2000 - 2014
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Figure 4-1thelIndices Profiles of NDVI (top) and NDWI (bottom)etore anc
after filtering using TIMESAT. Pixel taken from thacation of 450325.91768
and 9115842.02812 S, Years of 2~ 2014

4. Quantifying the NDD
The NDDI calculation was done after the hygemporal NDVI anc
NDWI images were cleanecsing TIMESAT. The result was to generate -

dynamic profile ofNDDI values over years. The formulas of NDDI w

(NDVI — NDWTI)
(NDVI + NDWI)

NDDI =

5. Pixel-Based Leveof Indices Profiling

The hypertemporal profile was generated by selecting oneelptkat
represents a dynamic performaiof paddy growing season, within a-years
period of study. Fstly, it tooka consideration to choose whether using the
analysis ofa pixe-based or a class-based level. Pbabed generated t
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indices values from selecting the exact locatiohjlevclass-based basically
selecting the result of unsupervised classificattom ISODATA.

By means of this, there are several pros and corsetconsidered. For
example in pixel-based, the abundant informationtlué hyper-temporal
indices was inevitable. However, the indices pigilwas easily pointed to the
feasible rain-fed paddy location. While in classdi$ the mixed information
in one pixel (related to landcover types), waseajait issue.

To tackle this, the “pre-analysis phase” was donget the overview about
the rain-fed paddy field feasibility (location and area extent), correspond to
the MODO9A1 pixel-size. Therefore, the profile sadimgp would have been
selected from locations that were properly obserttedias to assume that by
the relatively small rain-fed paddy field areastibbverage was suitable for a

pixel-based unit analysis of the moderate-scale @A 1.

4.2.3 Sampling Technique for Indices Profiling

Sampling was used as site selection for extra¢tiagndices profile; since
presenting the indices profile for all pixels woulebt be proper. Sampling
location was conducted to select the specific pixeleach sub-district that were
feasible; especially related to the location arehaxtent of rain-fed paddy field
corresponds to MODO09AL1 pixel-size. The criteria floe selected samples were
done through several steps:

1. Sample locations were from the mostly rain-fed yafield. The rain-fed

paddy field was derived from the Landsat-8 inteigtien as well as from the

landcover-map updating, to get the latest locatiorain-fed paddy field.

2. Ratio calculation of rain-fed paddy field area aclk sub-district. Related
to the sub-districts as a unit analysis, this stap to get the overview of the rain-
fed paddy field area extents in each sub-distkajure 4-2 shows the ratio of
rain-fed paddy field by sub-district. It shows tlsaime of the rain-fed paddy area-
extents are relatively small compared to its sudbrdis area (i.e. Gedangsari,
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Ponjong, Nglipar, Panggang, Semanu, PurwosarikPand Girisubo) that have

the area extent of rain-fed paddy field that < 20%,
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Figure 4-2 Area-extent ratio of rain-fed paddy field by itdsdistricts
Source: Data Processing and Department of AgricaiuHorticulture of
Gunungkidul District

3. The rain-fed paddy field areas overlaid by the MORD pixel size.

This was to get the overview about the rain-feddyafield feasibilities
(location and its area extent), correspond to tH@DM9A1 pixel-size. It was to
maximize the feasible pixels that had the infororatof photosynthetic activity,
majorly from the rain-fed paddy crop.

However, there was a trickiness related to the-fiednpaddy coverage
percentage within a MODO09A1-pixel size, in each -didtrict. Several trial
calculations had been computed to get the best-fedinpaddy coverage
percentage in one pixel, in each sub-district {cade 4.1).

Figure 4-3 suggests that the best number for ednpiiddy field coverage
was 70% in one MODQ9A1 pixel-size, valid for 320ngde locations. However,
this percentage had the 6 uncovered sub-disthetswere considered to be not
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feasible, i.e. Purwosari, Girisubo, Saptosari, Beplanjungsari, and Rongk
(rainfed paddy coverage w < 70%).

Table 4-1Rainfed Paddy Field Coverage (%) Corresponds to the bdurof
Pixels and the Uncovered Sub-District

Rair};{?ﬂgﬁg’ég? ,l\dl ?)&‘ggg? & Number of Samples | Uncovered SuBDistricts
50% 665 1
55% 561 1
60% 469 2
65% 397 5
70% 320 6
75% 256 7
80% 193 8
85% 147 9
90% 108 10
95% 67 12
700 14

62% 12
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Figure 4-3the are-extent ratio of rairfed paddy field coverage (9
corresponds to the number of samples & uncoverg-districts
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4. Weighted-calculation of rain-fed paddy field area.

This was to analyze the more realistic amountanfiges (since the ideal
samples would have been 320 locations). Area-ex#&tiat classification had been
made as a base to select the amount of feasildédas in each sub-district. The
wider the area-extent of rain-fed paddy field ire@ub-district, the more samples
were selected on that particular sub-district. €a#l2 shows the result of 50
selected samples locations from weighted calculatidile Annex-1 inscribes all

50 sample locations.

Table 4-2.Rain-fed Paddy Field Coverage (%)

Corresponds to the Number of Samples

L Al I SAET Rat?o Number of | Number of
No. Sub-district (Rain-fed P_adc_:ly Field| 70 % | 95 % | class Sample 709% Sample 95
Sub-District)
1 | PURWOSARI 13.20 0 0 0 0
2 GIRISUBO 18.44 0 0 0 0
3 | SAPTO SARI 20.42 0 0 0 0
4 | TEPUS 23.55 0 0 0 0 0
5 TANJUNGSARI 24.33 0 0 0 0
6 | RONGKOP 25.43 0 0 0 0
7 GEDANG SARI 8.04 4 0 4 0
8 PONJONG 9.42 14 0 1 14 0
9 NGLIPAR 9.91 6 0 6 0
10 | PANGGANG 11.83 1 0 1 0
11 | SEMANU 12.93 0 1 0
12 | PATUK 13.96 5 0 2 3 0
13 | KARANGMOJO 21.58 34 4 0
14 | PALIYAN 23.22 25 5 0 2
15 | PLAYEN 23.62 52 9 0 3
16 | NGAWEN 28.28 28 4 3 0
17 | SEMIN 37.93 66 7 0 2
18 | WONOSARI 41.10 84 38 0 10
SUM 367.18 320 | 67 29 21
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4.2.4 Analysis
The whole analysis phase was done from indiceshmgfat the 50
selected sample locations on the Paddy Growingo@efihe paddy growing
period is the phase from rain-fed paddy establistiroatil flowering. This phase
takes about 60 — 100 days for the paddy to reazimdximum value of NDVI.
The overall unit analysis on indices and paddy petigity was in
administrative sub-districts, over a 14-years per(@000 — 2014). Provided

below, the steps for analysis phase were:

4.2.4.1Indices’ Values Extraction

The filtered indices profiles were extracted wittan“Paddy Growing
Season” for theSland 29 planting. This was a phenology extraction to detive
seasonal parameters as previously mentioned inose@5.2 (Jonsson &
Eklundh, 2002). The seasonal graphs values weraatat! to identify:

* The starting period after transplantation (10%hef tistance between the
base-value “d” with the maximum-value “f") to indie a lag occurrence
in planting season

* The middle season value that indicates the endg@f vegetative phase
(maximum or peak value of NDVI)

* The Length of Cycle (LOC) that is the distance lesw the start-end of
paddy growing season to identify the length of gngaxseason

* The amplitude that shows the difference betweenrtAgimum-minimum
values of indices. Therefore showing the variatadntemporal indices
values in years

» The green-up rate or staging-up speed that exgréisseancreasing rate of
paddy growing phase (from paddy emergence or padthblishment). It
is expressed by the ratio between the amplitudetlaadime period from

start to middle season.
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4.2.4.2Normal Behavior Evaluation

This was the calculation of the extracted-valuesnfindices profiles, to
generate the “normal behaviour” within a Paddy GngwvSeason (PGS). The
normal behaviour analysis was interpreted from redition of the indices’
parameters. It was calculated by taking into actthmm dynamic behaviour from
the mean values of previous years, within the ss@ason PGS, with formula:

Normal Condition = Mean Values of Previous Years at the same season

4.2.4.3The identification of seasonal anomaly

Indices anomaly was computed by The Standardizestdre) Anomaly.
It took into account the standard deviation of @edi variability during a PGS
over years. The anomalies are ones that experiendediation from the “normal

behavior” reference values. The formula was:

(Current Value — Average Value)

Standardized (Z — =
andardized (Z — score) Standard Deviation of Previous Years

4.2.4.4Drought Indication Analysis
This phase examined the identified agriculturalgid from:
* Five parameters of seasonal graph (start-end peki©O€, mean values,
amplitude, and green-up rate)
* The normal behavior and anomaly values of the esland rain-fed paddy
productivity over years,
» Agricultural drought indication of: severity, duiat, and frequencies.
- Severity: change detection on the seasonal standardizedofg)}sc
anomaly values within PGS.
- Duration: Ratio of dry spells length (elongated peyiod) within PGS,;
where the anomaly indices occurred.
- Frequencies: Ratio between the percentages o¥eiaks (occurrence)

over data period

44



- The Green-Up Rate Values of the Indices

* The anomaly location for the identified agricultedaought

4.2.4.5Comparative Assessment of indices with rain-fed paty productivity

This was done by using parametric statistic of iiggnce correlation, to
examine how strong the relationship of the indepenhd/ariables (NDVI and
NDDI) to the paddy productivity. The comparativesessment was done from the
bivariate correlation of “Pearson Product Momerd” dompute the correlation
coefficient between variables (NDVI with rain-fedoductivity, and NDDI with

ran-fed productivity).

4.2.4.6Table Calculation Display

Some tables were generated as the output withnvaoon of. (1) the
“seasonal anomaly” values to answer the anomalysyefadrought occurrences;
(2) location map of the rain-fed paddy field thaperienced the “anomaly years”
to indicate the paddy field location that may haxgerienced drought; (3) the
anomaly values of paddy productivity and indicesraaly values, by sub-district
in 14 years; (4) correlation-statistic calculatibatween variables (indices and

rain-fed productivity) over years

4.2.5 Fieldwork Verification

Fieldwork was done to verify the NDVI and the ND&omaly values as
well as to do in-depth interview with local farnmeigarding the historical drought
occurrences, as well as its paddy crop productidge Annex 9 for the interview

sheet.

4.3 Tools and Software
Tools that will be used: ER Mapper, ERDAS and ENWlassic for
MODO09A1 and Landsat 8 processing, ArcGIS 10 fotaedata process and map

layout.
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5. RESULT AND DISCUSSION

5.1 RESULT
The pre-analysis phase was done to process trex-byqmporal images of
MODIS TERRA “MODO09A1.” The analysis was startedeafthe images had
been processed by several steps as previouslyanedtin section 4.2.2, i.e.:
« MODO09A1 images stacking into 658 layers, for a &g time-series
* Indices calculation of NDVI and NDWI
* Hyper-temporal images smoothing using TIMESAT (NRS)
* Index calculation of NDDI
» Location sampling of the feasible rain-fed padaydi
The analysis phase was done at the indices pof®VI and NDDI
curves) for the particular season of “Paddy GrowRagiod”. The indices profiles
were generated from selecting the MODO09A1 pixel gas that containing the
feasible locations of rain-fed paddy field. Thetwamalysis is in the administrative
sub-districts, over a 14-years period (2000 — 2014)

5.1.1 Selected Samples for Indices Profile Analysis

The hyper-temporal profile was generated by selgcone pixel that
represents a dynamic performance of the 658 statikeslseries images. The
sampling technique for pixel-based indices profjilimas described in the section
4.2.3. Figure 5-1 illustrates the 50 selected dasnpgocations for indices
profiling.

Location Sampling was done mainly due to the fathpaddy field area
that was relatively small corresponds to the MODDAxel size. This brought
the analysis to be more on pixel-based level rat@n class-based level. Pixel-
based analysis was to maximize the sampling sefectinat represents the

dynamic characteristic, majorly from the rain-feadddy field. While class-based
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in the other hand may mix-up the information ofemeess performance from

several pixel values that may not be from majosin+fed paddy field.
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Figure 5-1Map of rain-fed paddy field area and the 50 sarfgalations in
District of Gunungkidul, Province Yogyakarta Spé&tagion

Figure 5-1 illustrates how the sample locationsewselected only in 12
sub-districts out of 18 sub-districts in District Gunungkidul. The six sub-
districts that were not feasible to be analyzedi@rated at the karstic area in the
Southern part of Gunungkidul District, i.e. Purwas&aptosari, Tanjungsari,
Tepus, Girisubo, and Rongkop. These sub-distrizt® the area extent of rain-fed
paddy field that < 70% coverage, corresponds t@itieeMODO09A1 pixel size.

Figure 4-3 already showed the ratio of area-eXtantain-fed paddy field
by its sub-districts. This ratio was used as a lbasselecting the more realistic
amount of samples (since the ideal samples werdd@2ons for the 70% rain-
fed coverage) by using weighted-calculation. Thdewnthe area-extent of rain-fed

paddy field in one sub-district, the more sampleseaselected on that particular

sub-district.
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By these challenging conditions, the 50 feasildege-locations were
selected for the further indices profiles analySise Annex 1 that inscribes the 50
sample locations witte 70% coverage of rain-fed paddy correspond to one
MODOQ9A1 pixel-size; and also Annex 2 that illusesitthe landcover overview

for the 50 samples, taken from Google Earth.

5.1.2 Indices Profile Parameters within a Paddy Growing $ason, Year of

2000 — 2004

The analysis of indices profile was on the “rasd-fpaddy growing
season” in District of Gunungkidul, for a 14-yeaesiod (2000 — 2014). Annex 3
shows the seasonal mean values of NDVI (green dots)NDDI (red dots) from
50 sample locations, within a paddy growing seayeay 2000 — 2014. The x-
axis shows the annual paddy growing season (seelifiowering phase), while
the y-ordinate shows the mean values of NDVI andDNDf 50 samples.
Generally, the graph shows the dynamic patterngherpaddy growing season;
that as the greenness performance from NDVI medmesaare increasing, the
NDDI mean values are decreasing.

The graph from Annex 3 also shows that the raith{f@addy growing
seasons were generally started on ffep@riod of October until the"2period of
November (for the S planting), and on the" period of February until the"®
period of March (for the ™ planting). This is related to the rainy season in
District of Gunungkidul that usually happens in @edr — April (see Figure 3-5).

Related to the parameters of the indices profile, examination on the
four parameters (FAO, 2011a) was done to identi®y agricultural drought in
District of Gunungkidul, i.e.: (1) start-end periofithe paddy growing season, (2)
day length of the paddy growing season, (3) medunesaof indices during a
paddy growing season, (4) values of minimum, maxrnand amplitude; and (5)
green-up rate or staging-up speed of paddy gropinage.
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5.1.2.1 Start-End Period of the Paddy Growing Season

In District of Gunungkidul, the starting period paddy transplantation
usually happens in thé®©period of October until the"2period of November (for
the ' planting) and on the"2 period of February until the"2period of March
(for the 2 planting). Annex 3 displays the start-end periécbaddy growing
seasons throughout years. However, the onset afypgidwing season was found
late in several years (see Figure 5-2, extractad fAnnex 3).

Figure 5-2 illustrates the mean values of NDVI éredots) and NDDI
(red dots) that experienced delay within tffephddy growing season (top), as
well as the ¥ paddy growing season (bottom). The x-axis expeetse growing
season, while the y-ordinate expresses the meaerwaf NDVI and NDDI.

Figure 5.2 shows several years when the paddy ggpweason was
starting late. It happened in the years of 200962@007, 2011, and 2013. This
condition was firstly brought by the delay of th&danting season in late 2005;
that then shortened the next paddy growing seasmnKigure 5-3).

In those years, the greenness performances fd’tpanting were started
increasing in the "3 period of November —"2 period of December. While for the
2" growing season, the greenness performances watedstncreasing in the®3
period of March — 2 period of April. These lag was affected by theagteh the
1% growing season on the respective years (see Figfje

Related to these delay conditions, dry spell intislenight had happened
related to rainfalls condition. Dry spell is theripe when dry days are abnormally
longer; yet the effect is not as severe as in drbubat could destroy the
agricultural crop (Barron et al., 2003). Here, e t£' paddy growing season, the
worst delay happened in 2006 (delayed4fet9 days from normal condition) and
for the 29 paddy growing season, the worst delay happen€80i (delayed for

+ 33 days from normal condition).
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Figure 5-2Mean Values of NDVI (green dots) and NDDI (red Jlotithin the
Paddy Gowing Seasol(top) and the ¥ Paddy Growing Season (bottc that
experienced a lag in the onset of paddy growingse

5.1.2.2Day Length of the Rair-fed Paddy Growing Season

Generally, it takes abt 40 — ® days after the transplantation for rain-
fed paddy to reach its maximum grness performance. This condition may v
with another area, corresponds to the physicalacheristic and the difference
farming practice.

Figure 53 shows the total length of paddy growing seaseedlng tc
flowering phasepn the ' and 29 Planting over years. Theaxis expresses tt
years, while the prdinate expresses the length of season (in dayg)longest
cycle were happened in 20— 2011 (130 days), while the shortest was in 2
(66 days).The blue curve shows the average valuem Length of Cycle (LOC)
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It shows that year of 2002006, and 2012 experienced a relative shorter
(37, 33,and 45 days in avera or 74, 66and 90 days in total LOC respective

140 130 130

120 114 114 114 I B B

Length of Paddy Growing Season
{Days)

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Year

LOCTotal =—d—MeanlLOC

Figure 5-3Totaland Mean Lengtof Paddy Growing Seasddays)on the f'
and 29 Planting, District of Gunungkidul, Year of 20— 2014

Figure 5.4 illustrates seasonal length of paddyvgrg season over yea
and its standard deviation valucThe T' planting are shown in darker gre
columns, while the " planting are in the brighter green column. Gengrahe
graph shows that the™ planting seasons took a relatively shorter perioc
paddy to grow.

The graph % shows that on the® planting, the longest paddy growi
seasorhappened in 2011 (tocx 89 days for paddy to grow). While the shor
was in 2006(took + 41 days). Meanwhile on the"®planting, the longes
happened in 2000 200: (took+ 57 days for paddy to grow), and the shortest
in 2005 —2006 (took+ 25 days).The standard deviation (SD) values showi
blue curves show how big the detected change aatuirtigher SD values mear

higher change, either in increasing or decreasamglition
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LOC {Days)

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Year

N | OC(Days) 1st Planting B LOC(Days) 2rd Planting
—@=—STDEV OF LOC LstPlanting =——#==STDEY OF LOC 2nd Planting

Figure 5-4 Seasonal LOC and Change Detection of Paddy Gro$&agoron the
1% and 2° Planting, District of Gunungkidul, Year of 20— 2014

All the values described were interpreted as: t* planting season
happened in the rainy season on the previous yéule the ™ planting period
happened on the exact partar year.

Related to the rainfalls condition, dry periods n&horten the padc
growing phase, while wet periods may lengthen lter€fore, the shifting in tr
rainy season on a particular year could affectehgth of paddy life cycle as we
as the stding time of paddy growing seas

From the Figure of -3 and 5-4 the longer growing phase for the
planting season in the late of 2C— 2011 might indicate that there were relativ
high rainfalls in the late 20C- 2010. Meanwhile, the relatively shorter perioc
2" planting season in 20C— 2006 might have been affected by the shifte

paddy gowing season on thée® planting in respective years.

5.1.2.3Mean Values of Indices during a IGS throughout Years 200(— 2014
Figure 5-5expresses the mean values of NDVI and NDDI withpaddy
growing season throughout years. Figure 5.5 (tbhyp3dtrates theseasonal mean
values of indices. Figure 5.5 (middle and bottohmgwvs the dynamic mean value
for NDVI and NDDIin each sub-district. The axis expresses the year, while

y-ordinate expresses the indices’ mean va
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The NDVI histogram in figure-5 (top)generally shows how t seasonal
mean valuesf NDDI were relatively increasing higher in th& gaddy growing
season in 20042005, 007, and 2012. While from the NDMistogram, thse
years show the relatively lower values of NDVI age. The decreasing me-
values of NDVI orthe increasing me-values of NDDI could indicate that the
were poor performances of paddy photosynthetiwiagin those period

Furthermore, the graphs also dispseveral suldistrictsthat experienced
a dynamic performance that was constantly lower or éigthan the indices
annual mean values. Figur-5 (middle and bottom) shothat over years, S-
districts of Paliyan and Wonosari did not only exgece a lower values than t
NDVI meanvalues (reprented in reddish curves), but also experience adn
values than the NDDI me-values (represented in greenish curves). Thisal|

specialty could be associated with the physicatitmmn of each st-district.
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Figure 5-5Mean Values of NDVNDDI: Seasonal Values (top), NDVI Mei
(middle)and NDDI Mean (bottom) by S-districts; within a Paddy Growin
Season, Over 14 Years
5.1.2.4 The Minimum, Maximum, and Amplitude of Indices Vslues
The amplitude expresses the range of maximum andham values o
indices histogram throughout yearsdescribes thédifference values between t
maximum (peak) indices with the minimum (base) ¢edi Therefore, amplituc
shows the variation of temgal indices values over years. The lower
amplitude, the lower the difference between maxinama minimum of indices i
Figure 5-6displays theextracted values ofminimum, maximum an
amplitude of NDVI and NDL over years. The &xis shows the Paddy owing
Season over 2000 2014, while the -ordinate shows the values of indi. The
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relatively high variations were found majorly ineth®™ planting season. Beside
the graph also illustrates how the variation vatiBIDDI is higher than NDV

KDVl Valies

WODI Valuer

DV D) Values

.
IEEER MR EEE - REE =R 1L S EEEUEE SRR R L U

2000204 2001 13t 20 " 313t G00324d) 100415 G004 2005122305 1066 2006 200
| 2m

Figure 5-6the Minimum, Maximum, ancAmplitude Values of NDVI (top)
NDDI (middle), and the Amplitude Comparison betw@&HdVI and NDDI
(bottom),Within a Paddy Growing Season in District of Gunkidgl, Year of
2000 - 2014

From the NDVI curve (Figure 6 top) the amplitude ranges between 0.
—0.693. The lowest amplitude was found ™ planting 2007 (0.118), and high
was in ' planting in 2009 (0.692 From the NDDI curve (Figure & middle), the
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range of amplitude was 0.186 — 3.093. The lowestlime was found in 2
planting 2010 (0.186), and the highest value wa'iplanting of 2008 (3.093).
Figure 5.6 (bottom) shows that in the differencésMeen maximum and
minimum of NDDI mean values were higher than NDs#; does the®iplanting
that higher than the”?planting. This is related to the paddy growingsseathat

relatively takes shorter period for paddy to grow.

5.1.2.5 The Green-Up Rate Values of the Indices

Green-up rate expresses the staging-up speed r@agicg rate from the
paddy growing phase (paddy emergence or the pasi@dplshment). It is the
halfway points between the minimum-maximum valuBsis was expressed by
the ratio between the amplitude and the time pdrma start to middle season.

Figure 5.7 shows the green-up rate of NDVI (topdl &DDI (bottom)
within a paddy growing season over 14-years ofystlitie x-axis shows the year;
while the primary y-ordinate shows the growth r@tg and secondary y-ordinate
shows the length of paddy growing season. In ND$¥tdgram, lower rate values
indicate a dry period occurred in that years; wml&DDI histogram, higher rate
values indicate a dryer condition. This is relatethe condition where dry period
may shorten the growing phase, while wet period leagthen it.

The NDVI histogram shows that the plummeted grovette occurred in
years of 2002, 2007, and 2010. While from the NDiM¥togram, the rising
growth rate occurred in 2005, 2007, 2010, and 2012.
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5.1.3 Normal Behavior and Anomaly Calculation of the NDVI and NDDI

Values on a Paddy Growing Season, Year 2000 — 2014
5.1.3.1 Seasonal Values of Normal Behavior and Anomaly Calitation

The normal behavior was generated from the medunesafrom the
previous years, taken from the sample locationkiwia paddy growing season.
Figure 5-8 illustrates the normal condition and raaty values of NDVI and
NDDI within a Paddy Growing Season over years. Xtaxis expresses the year,
while the y-ordinate expresses the indices valuesnarmal and anomaly
condition. The blue line in both histograms represents thenabrcondition of
both indices within a paddy growing season througlyears.

From the NDVI histogram (figure 5-8 top), the noirb&havior was in
range of 0.503 — 0.778 over a 14-years period. Mbde from the NDDI
histogram (figure 5-8 bottom), the normal behawas in range of 0.967 — 1.085.

Generally, anomaly expresses a deviation at aewuryear from the
normal condition at the same season (FAO, 201ibj)ak calculated from the
standardized (z-score) to expresses the numbetaofiad deviation from a
current year that is deviated from the normal ctoidli

From the NDVI behavior histogram (figure 5-8 toghle deviated anomaly
values from normal behavior happened in 2003 — 2069, and 2012 (for thé'l
planting season); also in 2004, 2008 — 2009, &1d 2 2012 (for the™ planting
season). From the NDDI behavior histogram (figur8 Bottom), the positive
deviation values from normal behavior were in 2603005, 2007, and 2012 (for

the ' planting season), and in 2011 — 2013 (for tHepanting season).
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Normal& Anomaly Values of NOVI

Annuzl Paddy Growing Season

e HOVINORMAL VALLES =l NDVI ANOMALY YALUES

Hormal & Anamaly Values of NDDI
]
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Figure 5-8theNormal Behavio& Anomaly Valuesof NDVI (top) and NDDI
(bottom) on the Paddy Growing Season by Years ahBal-district

5.1.3.2 Anomaly of the NDVI and NDDI by Years, by Subdistricts

Figure 5.9display: the calculated anomaly of NDVI (top) and ND
(bottom) by suldistricts over year The x-axis showshe year, while the -
ordinate shows the standardize-score) anomaly values. These graphs gene
illustrate how eme su-districts were deviated from itsiormal behavic
throughout years.

From the NDVI anomaly histogre (Figure 5.9 top); ub-districts of
Wonosari and Paliyan had the lowest deviafrom the normal behavior ot
years (represented in bluish curveWhile from the NDDI anomaly histograr
subdistrict of Paliyan, Wonosari, Karangmojo, and Ry experience@
higher deviation thanhe other suldlistrict (represented in bluish curve The
anomaly values of NDVI and NDDI by s-district over years was provided

Annex 7.
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5.1.4 Normal Behavior and Anomaly Values olPaddy Productivity

5.1.4.1 Normal and Anomaly Calculation of the Rainfed Paddy Productivity
The rainfed paddy productivity (Qu/Ha) in District of Gurgkidul over

yeas could be seen froiFigure 3-9 The graph shows how the r-fed paddy

productivity has an increasing trend over yearpeeislly since 1999. Beside

the graph also shows that within 2(— 2014, the rain-fegroductivity in District

of Gunungxidul experienced a slight decline in several yedra000, 2002, 200!

2007, 2010, and 20 (see Figure 39 The spatial distribution of re-fed

productivity could be seen from Fie 3-10.

60



Figure 510 show the normal condition of the raied paddyproductivity
compared to itsstandardized -score) anomaly valued he »axis shows the
years of study; the primary-ordinate shows the raiied paddy productivit
(Qu/Ha); and the secondary-ordinate shows the anomaly values of -fed
productivity (dark blue curve) and its char-rate values (blue curv:

The graph shows that the normal behavior of-fed productivity has a
increasing trend over a -years period of study. The range of normal behe
from rainfed productivity was 26.5— 33.57 in year of 2000 2013. The norme
behavior is shown in brov-colored line (see Figure 5-10).

The anomaly values of refed paddy productivity were deviat
negatively in years 02002, 2004 — 2005, 2007, 20092011, and 2013. TI
lowest anomaly occurriin 2013 (zscore = 1.51). However, the worst plumme
negative anomaly was in 2007-score = 1.90, dropped..71 point from year c
2006) (see Figure 10).
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Figure 5-10Normal Condition and the Standardize-Score) Anomalhof Rain-
fed PaddyProductivity in District of Gunungkidul (200— 2013)
Source: (BPS, 2013)
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5.1.4.2 Anomaly Location of the Rair-fed Paddy Productivity

Figure 511 show the rainfed paddy productivity average (Qu/Ha) anc
rain-fed paddyield area extent (Heover years. Spelly, Figure 511 shows two
subdistricts that relatively have a lower productivibhan the other srdistricts
over years. These s-districts are Patuk and Panggang. This is relatethe
physical condition of those s-districts. Patuk is a hilly aa, located in th
Northern part of Gunungkidul District, while Panggas a karstic area, located
the Southern part of Gunungkidul District. Annex pbovides the rai-fed
productivity data by st-districts.
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Rain-fed Paddy Field (Ha) =@=Rain-fed Productivity Average (Qu/Ha)

Figure 5-11 Rain-fed Paddy Productivitfverage (Qu/Ha) ar
Its Field Area Extent (Ha), by s-districts, years 1997 2013
Source: (BPS, 2013)

Figure 512 shows thetandardized (z-scorenamaly ofrain-fed paddy
productivity by years, by si-districts. The coloredolumns show the anome
occurrences by suthstricts over years; while the blue curve showes thir-fed
productivity (Qu/Ha) over year

Figure 512 shows that the negative anomaly values of -fed
productivity were mostly occurred in 20C- 2002 and 2005. These negat
anomalies were related to productivity average (shown in blue line) that w
stagnant in 2001 2002 and declined in 2005. The anomaly values ioi-fed

paddy productivity by si-districts over years was providedAnnex ¢
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Figure 5-12The Standardized -score) Anomaly of Raified Paddy Productivit
by Years, by Sub-districts

5.1.5 The Agricultural Drought Indication
The Agricultural Drought Indication in District @&unungkidu was done
by evaluating the indices profile parameters asdariomaly occurrences to ¢

the overview of severity (magnitude) and duratibAgricultural Drought

5.1.5.1 Severity or Magnitude of Agricultural Drought in District of

Gunungkidul

The severity omagnitude of agricultural drougktas analyzed from tr
change detection of standardizer-score) values within the similar periods
paddy growing season. Zero values mean no detecfibe higher calculate
values, the higher the change was. The nve values indicate that the secc
images were decreasing than the previous pt

Figure 5.13 shows the change rate of NDVI and NE-score values. Th
x-axis shows the year of paddy growing season, whiey-ordinate shows th
changerate detectiolof indices’ zscore (%). This graph shows that the relati
high changeate in anomaly happened in NDDI histogram in yeafrs2003
(2.37), 2007 (3.13), 2011 (2.75), and 2012 (3.Mhile from the NDVI
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histogram, the relatively high char-rate in anomlg occurred in 2001, 200—
2004, 2006, 2008 2009, and 201—- 2012.
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Figure 5-13the Standardized -score) Anomaly Calculation of NDVI (top) al
NDDI (bottom)and Its Change Detection, by Ye

5.1.5.2 Duration of Agricultural Drought in District of Gunungkidul

The duration of gricultural droughtvas assessed from the ratio of ler
of dry spells (elongated dry months) within a padpgwing season. The [
length was indicated from the dela-onset in paddy growing season. Then,
duration was gnerated from the peri length; where the anomaly indic
occurred.

The pie figure -14 shows the dryness duration (%)etiingateddryness

period (%) within anomaly years. lexpresed in lag percentage within P(
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where anomaly occurred; in 2003 (42 2005 (42 %), 2007 (42 %), 2011 (
%), and 2012 (45%).

Figure 5-14Duration oiElongated Dryness Peri@#o) within Anomaly Year

5.1.5.3 Frequency of Agricultural Drought in District of Gu nungkidul

Frequency ofAgricultural Droughtwas calculated from the ratio betwe
the percentages of risk years (occurrence) by tiieeedata period. It was foutr
that throughout 14rears of study, the anomaly years that corresporiti¢ rair-
fed declinedsroductivity were happened in 7 years 2003 —2005, 2007, 200¢
and 2011 -2012. Therefore, the risk frequency of drynessqokem District of
Gunungkidul within 200~ 2014 was 50 %.

5.1.5.4 Anomaly-Maps Representation in District of Gunungkidu

Anomaly map illustrates the anomaly occurrence specific time in
particular location. Annex 4 displays the t-series images showing t
greenness performance from paddy growing seasoningduhe anomal
occurrence in year of 23, 2005, 2007, 2009, and 2011 — 2012.

Vegetation activity of thrain-fed paddy that was in poasas represented
from the low NDV values (light green color rangand high NDDI value

(reddish color range)his color area might indicate dryness occurre
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5.1.6 Comparative Assessment

Statistical computation was done to calculate tbeetation coefficient
values by using Pearson Product Moment. The cortiparassessment was done
between the independent variables of NDVI and NOBilean, normal behavior,
and anomaly values) with the dependant variablaiotfed paddy productivity.

Table 5-1 provides the calculated values for: iagigalues (annual mean,
normal behavior and anomaly values) correspondheorain-fed productivity in
2000 — 2014. While table 5-3 shows the result ofgarative assessment

Based on the comparative assessment from Tabletfe3NDDI gave a
relatively stronger correlation to paddy produdgivihan the NDVI gave. This
comparison was calculated in terms of annual madunes, standardized anomaly
values, and normal behavior. Here, NDDI gave angieo correlation to paddy
productivity than the NDVI gave. NDDI was correlhthigher with productivity
in terms of annual mean indices values (38.19 @)mnal behavior (82.60 %), and

standardized anomaly values (-0.2628).

Table 5-1.Values of Indices, Anomaly, & Normal Behavior Ovézars

INDICES STD (Z-SCORE) NORMAL
YEAR |__MEAN VALUES ANOMALY BEHAVIOUR
NDVI | NDDI | NDVI | NDDI | NDVI | NDDI

2001 | 0608386 0.9884 -2.8886
2002 | 0,634399| 0.97424 -0.4619
2003 | 0.626942| 1.012152 -0.4624
2004 | 0584745 1.071224 -1.0431

-0.71128 0.725656  1.021171
-0.617y4  0.667021 1.09468

0.3559B5  0.656147 03045

1.3966p8 0.648846 041089

2005 | 0.593215| 1.072826 -0.6840
2006 | 0619237| 0.942073  -0.152
2007 | 0.630042| 1.159448 0.04089
2008 | 0.638274| 1.024224 0.17864
2009 | 0.604163| 1.050246 -0.431§
2010 | 0.676001| 1.052817 0.88783
2011 | 0.620065| 1.004564  -0.1940
2012 | 0.610088| 1.193194 -0.3618
2013 | 0.700196| 1.060034 1.32986

0.8439P9 0.636026 19833
-1.01881 0.62889  1.023302
1.829368 0.627p11 198116

-0.05861 0.627828 161801

0.211754 0.628988 1@R95
0.221114  0.626p506 18315
-0.30432 0.631005 11B35

1.762469 0.630094 198810

o [N [0 [ [0 [P [0 [F [P [N (o0 [N [oT

0.159576  0.628p55 168485
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Table 5-2.Rain-fed Paddy Productivity, Anomaly Values, & NainBehavior,
Year 2000 — 2014

RAIN-FED PADDY | RAIN-FED PADDY RAIN-FED PADDY
YEAR | PRODUCTIVITY | PRODUCTIVITY PRODUCTIVITY
(Qu/Ha) ANOMALY NORMAL BEHAVIOUR

2001 31.42 3.110416 26.78091
2002 31.42 2.21584 27.1675
2003 35.3 3.606567 27.49462
2004 37.37 3.216854 28.05214
2005 35.02 1.744677 28.67333
2006 42.91 3.601653 29.07

2007 39.27 1.89615 29.88412
2008 42.91 2.373174 30.40556
2009 44.46 2.294132 31.06368
2010 44.32 1.967653 31.7335
2011 44,59 1.8042 32.33286
2012 48.44 2.186573 32.89

2013 45.1 1.508871 33.56609

Table 5-3the Comparative Assessment Result Using Pearsaué&riMoment

PRODUCTIVITY VS INDICES STD (Z-SCORE) ANOMALY NORMAL BEHAVIOUR
- - Anomaly Anomaly Normal Normal
Pﬁg;ﬁtxgyv\l/s Pﬁg;ﬁtxgyt)\l/s Productivity VS | Productivity VS | Productivity VS | Productivity VS
NDVI NDDI NDVI NDDI
0.3251 0.381932 -0.50851 -0.26279 -0.68549 0.825955%

5.2 DISCUSSION
5.2.1 Agricultural Drought Identification in District of Gunungkidul Using

Satellite-based Indices

The analysis was done by evaluating the four patensmef indices profile,
as well as correlating it with the rain-fed produity, District of Gunungkidul
was found not to experience a severe agricultu@lght. The productivity had
not experienced a devastating condition affectedtHey several anomalies of
vegetation greenness performance found in anongysyof: 2003 — 2005, 2007,
2009, and 2011 — 2012. Though, this deviated cmmditom the normal behavior
was corresponded to the decreasing productivitgioffed paddy field.

This research showed some area that experienced yegetation
performance in anomaly years were in Sub-distraét$aliyan, Wonosari, and

Panggang. These sub-districts commonly experietigreenness performance
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that was lower than the NDVI normal condition amghler than the NDDI normal
condition.

However, from the annual mean values of NDVI andDN anomaly;
generally all sub-districts experienced a slightlide from the indices’ normal
behavior. Yet, those three sub-districts previousgntioned were experiencing a
higher deviation than the other sub-districts.

Moreover, this research found that from the congoarianalysis, NDDI
gave a stronger correlation to paddy productivigntthe NDVI gave. NDDI was
correlated higher with productivity in terms of aiah mean indices values (38.19
%), normal behavior (82.60 %), and standardizeareyp values (-0.2628).

5.2.2 Identified Dryness Related to the Physical Conditio of District of
Gunungkidul
The evaluated anomaly of rain-fed paddy behavidhiwia paddy growing
season could be associated with the physical donditf Gunungkidul District,
e.g. with the rainfalls, soil, morphology, and tggicultural practices.
* Annual Rainfall Condition (mm) and the amount oftwenths (days)
Figure 5-15 shows the general overview of annaifall in mm
(top) and annual amount of rain days (bottom).hibves that while in
2005, 2007, and 2012; the vegetation performance lvednaved poorly
though the rainfall amount in particular time wapartedly high. In 2010
the annual rainfall was 2,295.69 mm and in 2005 2v445.00 mm
However, from the annual amount of rain daysy yé&005, 2007,
and 2012 were experienced a moderate wet monthseKperienced a

slight declination.
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Morphology

Geomorphologic condition in District of Gunungki also has an
important role corresponds to the sampling locatidrrair-fed paddy
field. The southern zone (Zone of Gunung Seribdwder gebergton) is
karst zone with conical limestone type. About 1b-districts are locate
at this area (Saptos: Paliyan, Girisubo, Tanjungsari, Tepus, Rongk
Purwosari, Panggang, Souhtern Ponjong, and Soulemmanu) (Loce
Government of Gunungkidul District, 2014). Besidéeg, ge-hydrological
type is mostly covered by a higl-gap aquifer that has many uncround

rivers
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Agricultural Practice: the variety changing of réé@d paddy seeds

From the agricultural practice, the changing imfeag ways could
affect the paddy productivity, e.g.: the plantingthods (tumpangsatri), the
irrigation, the farming tools, and the changingiap variety.

From the field observation, in year of 2012, theras a mass
changing in paddy variety from “Ciherang” to “SiBagendit.” This
condition was reported affecting the decreasinglpetvity in 2013.

5.2.3 Challenges in Deriving the Indices Values

The indices were generated from spectral observafibis examination

has some challenges that would affect the qualignalysis result, e.g.:

The spatial and temporal resolution from the imagasesponds to the
area extent of the observed objects. The modecate sf images or low-
temporal resolution may bring challenges to thesolaion of a relatively
small areas or small objects.

Defining the normal and anomaly behavior is sonmgthio take into
account. The comparison analysis would be best ootiee same seasonal
period. Yet, once the observed area is relativalngd, defining the
reference value as the normal behavior may a lwkytr The starting
period of paddy transplantation may differ from @mea to another. Thus,
the calculation of start-end growing season, leraftlgrowing, and the
mean behavior may take a considerable observation.

The persevered atmospheric noise from cloud or h&iee the smoothing
or filtering phase may affect the spectral valuesdices and thus affect

the anomaly values as well.
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6. CONCLUSION AND RECOMMENDATION

6.1 Conclusion
6.1.1 Agricultural Drought Occurrences

Based on the analysis from the NDVI and NDDI tenapbistogram
during a paddy growing season, on 50 samples egingaddy field; it is
concluded that the District of Gunungkidul did nekperience a severe
agricultural drought during the years of 2000 —£01

The productivity had not experienced a devastatmgdition affected by
the several anomalies years in 2003 — 2005, 20009,2and 2011 — 2012.
Though, this deviated condition from the normal d&abr was corresponded to
the decreasing productivity of rain-fed paddy.

The anomalies were corresponded to some indictietrare:

« The delay on the onset of th& paddy growing season in 2005, 2006,
2007, 2011, and 2013. The worst delay happene@®06 2delayed for 49
days from the normal condition); and for th¥ paddy growing season,
the worst delay happened in 2007 (delayed for 3@ deom normal
condition). These lag was affected firstly by theag in the I growing
season on 2005

* The shorter day of paddy growing season was the&adtidn of low
rainfalls that affected the rain-fed paddy growssgason. It was found that
the shorter growing periods in 2005 — 2006, as wsllin 2012 were
corresponded to the low performance of rain-feddgaphotosynthetic-
activity.

* The NDVI low amplitudes and NDDI high amplitudes 2004 — 2005,
2007, and 2012 were corresponded to another dryindgsation. Low
amplitude in NDVI showed the low variability betweeminimum-
maximum values of NDVI, while high amplitude in NDBhowed the

high variability between minimum-maximum values\idDI.
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* The deviated anomaly values of rain-fed paddy prodily happened in
years of 2002, 2004 — 2005, 2007, 2009 — 201, &i8.2In 2013, the
deviated productivity was related to the farmingwaty of paddy-variety
change. While the other anomaly years were morate@lto the low

performance of photosynthetic activity.

6.1.2 Agricultural Drought Spatial Occurrences

Spatially, six sub-districts were not included thee overall analysis of
indices profile due to its physical condition. Sdibtricts of Purwosari, Girisubo,
Saptosari, Tepus, Tanjungsari, and Rongkop aretddcan the Southern
Gunungkidul that mostly karstic area of conical dstone and marl. This
condition affects to the area of rain-fed paddidfidat is not as wide as the other
part of Gunungkidul District. Moreover, these 6 slitricts also did not meet the
requirement of 70% coverage within one MODO09AL1 psiee.

This research showed sub-districts that expergéngeor vegetation
performance in anomaly years. Sub-districts ofyRali Wonosari, and Panggang
were commonly experienced the lower performancelaitosynthetic activity
from paddy greenness that lower than the NDVI nbérooadition, and higher
than the NDDI normal condition.

However, from the annual mean values of NDVI andDN anomaly;
generally all sub-districts experienced a slightlide from the indices’ normal
behavior. Yet, those three sub-districts experieadaigher deviation than the

other sub-districts.

6.1.3 Comparative Assessment of NDVI and NDDI with the Re-fed
Productivity
The performance of the NDVI and NDDI in detectitige agricultural
drought was evaluated by correlating indices peréorce to the rain-fed paddy
productivity. From the comparative assessment, thsearch concluded that
NDDI had a relatively stronger correlation to ttenrfed productivity than the
NDVI.
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The NDDI was found outperform the NDVI in terms iaflices’ mean
values (38.19 %), normal behavior (82.60 %), aaddardized (z-score) anomaly
values (0.2628); While NDVI to paddy productivitgreelated 32.51 % in indices’
mean values, -68.55 % in normal behavior, and -5&tandardized (z-score)
anomaly values.

Taking everything into consideration, NDDI could agygested as a better
index to indicate the agricultural drought, cor@sgs to its stronger relation with

the crop productivity.

6.2 Recommendation

For a further study, there is a chance to condugsearch by combining
this comparison assessment with a better and a ohetesl rainfall data. This
would be beneficial to support and promote the afs&IDDI in indicating the

agricultural drought by associating it with the pwblogical drought assessment.
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Annex la. 21 Location Samples for Indices Profiling,
Taken from= 95% Rain-fed Paddy Field Coverage in One MODQO9&EIFsize.

NUMBER OF PIXEL 2 COORDINATE
NO. | SUB-DISTRICT SAMPLE NUMBER % COVERAGE = -

1 7,220 100.01 450325.91768 9115842.02812
PALIYAN 2

2 7,367 100.01 450789.23040 9116305.34084

3 7,525 100.01 456348.98300 9116768.65356

4 7,526 100.01 456812.29572 9116768.65356

5 7,527 100.01 457275.60844 9116768.65356

6 7,528 100.01 457738.92115 9116768.65356

7 7,662 100.01 452179.16855 9117231.96627

WONOSARI 10

8 7,673 100.01 457275.60844 9117231.96627

9 7,675 100.01 458202.23387 9117231.96627

10 7,808 100.01 452179.16855 9117695.27899

11 8,540 100.01 453106.33800 9119956.24000

12 8,542 100.01 454032.95200 9119956.23900

13 8,974 100.01 451252.54312 9121401.78073

14 PLAYEN 3 9,406 100.01 448472.66681 9122791.71888

15 9,993 100.01 449862.60496 9124644.96974

16 9,720 100.01 458665.54659 9123718.34431
KARANGMOJO 2

17 9,866 100.01 458665.54659 9124181.65703

18 12,528 100.01 474418.17896  9132521.28%93
SEMIN 2

19 12,814 100.01 471638.30266  9133447.91137

20 13,095 100.01 466541.86218 9134374.53680
NGAWEN 2

21 13,241 100.01 466541.86218 9134837.84952
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Annex 2b. 29 Location Samples for Indices Profiling,

Taken from= 70% Rain-fed Paddy Field Coverage in One MODO9&EIFsize.

NO. | SUB-DISTRICT N%’X‘SE&SF NB';A(EER % COVERAGE - COORDI NATEY
22 11460 87.64754563 | 453105793982 9129278.096910
23 11461 75.83688415 | 453569.1067D0 9129278.096910
GEDANGSARI 4
24 12781 81.68620392 | 456348.983002 9133447.911370
25 12022 70.67934487 | 454032.419416 9133911.224080
26 7689 89.26935973 | 464688.611907 9117231.966270
27 7836 87.20150017 | 465151.9246P4 9117695.278990
28 8584 84.32925574 | 473491553580 9120011.842570
29 8729 87.20280373 | 473028.240814 9120475.155290
30 8875 81.30344991 | 473028.240814 9120938.468010
31 9009 73.72880562 | 467468.488209 9121401.780730
32 9010 77.9171141 | 467931.800927 9121401.780730
PONJONG 14
33 9022 76.38220273 | 473491.553580 9121401.780730
34 9023 88.0849558 | 473954.866248 9121401.780730
35 9156 93.27874443 | 467931.8009p7 9121865.093440
36 9170 76.00068379 | 474418178064 9121865.093440
37 9461 76.72616685 | 473954.866248 9122791718880
38 9462 9420511327 | 474418.178964 9122791718880
39 9741 79.81650611 | 468395.113643 9123718.344310
40 10739 7315022773 | 457275.6084B6 9126961.533330
41 10749 7143526618 | 461908.7356D6 9126961.533330
42 11469 7278216663 | 457275.6084B6 9129278.096910
NGLIPAR 6

43 11482 75.81215107 | 463298.673757 9129278.096910
44 12355 91.06084805 | 461908.7356D6 9132057.973220
45 12501 83.83672169 | 461908.7356D6 9132521284930
46 | PANGGANG 1 6473 75.44107313|  442449.601491 919262540

47 SEMANU 1 7304 73.68690427 | 463298.673757 911G3TR40

48 11145 80.41186085 | 442449.6014b1 9128351471480
49 PATUK 3 11296 772097228 | 444766.165076 9128814.784200
50 11593 83.20007994 | 447082728661 9129741.409630
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Annex 2a. 21 Location Sample®r Indices Profiling.
Based ore 95% Rail-fed Paddy Field Coverage im® MODO09A1Pixel-size.

PALIYAN — 7220 PALIYAN — 7367 WONOSARI — 7525 .
Oct &", 2013 Oct €" 2013 Oct 8" 2013 Oct 8" 2013 Oct &', 2013

WONOSARI — 7526 WONOSARI - 7527

WONOSARI — 7528 WONOSARI- 7662 WONOSARI — 7673 WONOSARI — 7675 WONOSARI - 7808
Oct 8", 2013 Oct & 2013 Oct 8", 2013 Oct 8" 2013 Oct 8", 2013

WONOSARI — 8540 WONOSARI — 8542 PLAYEN — 8974 PLAYEN — 9406 PLAYEN — 9993
Sept 18, 2013 Sept 11", 2013 Oct 8", 2013 Oct 8", 2013 Oct 8", 2013

SEMIN — 12814 NGAWEN - 13095
Oct 8", 2013 Oct 8", 2013

KARANGMOJO — 9720 | KARANGMOJO-9866 |  SEMIN — 12528
Oct §", 2013 Oct €", 2013 Oct 8", 2013

NGAWEN - 13241
Oct 8", 2013

Source: DigitalGlobe, CNES/Astriu— Google Earth
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Annex 2b. 29 Location Samplef®r Indices Profiling.
Based ore 70% Rail-fed Paddy Field Coverage im® MODO09A1Pixel-size.

GEDANGSARI — 11460
Nov I*, 2013

PONJONG - 7836
Nov 1%, 2013

PONJONG — 9010
Nov 2 2013

T o R

! Y
PONJONG — 9461
Nov 1, 2013

b
N\

NGLIPAR - 11469
Nov 1%, 2013

SEMANU - 7394
Nov 1%, 2013

GEDANGSARI - 12781
Nov 1%, 2013

GEDANGSAR - 11461
Nov I*, 2013

PONJONG - 8729
Nov 1%, 2013

PONJONG — 8584
Nov 1%, 2013

PONJONG — 9023
Nov 1% 2013

PONJONG - 9022
Nov 1%, 2013

L5
PONJONG - 9741
Nov 1%, 2013

L S gd - Sarady
PONJONG - 9462
Nov 1%, 2013 ]

,,,,,,, [ el A A e
NGLIPAR — 12355
Nov 1, 2013

S

PATUK — 11296
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Annex 4 Temporal images of greenness performance duringrtbmaly occurrence in 2005, 2007, and 2010
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Annex 5 Rain-fed Paddy Productivity (Quintals/Ha) By Subtdlcts,
Year 1997 — 2013

NO SUB-DISTRICT 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 (Ac\llj;:g:)
1 PANGGANG 3231 27.28 25.05 31.36 31.47 30.65 31.64 3241 27.68 36.28 36.09 42,91 42.91 42.64 42.87 45.95 46.95 35.67353
2 PALIYAN 35.8 35.68 43.25 37.6 31.33 32.42 37.79 35.02 39.17 44.19 36.13 38.34 43.82 40.58 44.43 47.4 45.22 39.30412
3 SEMANU 35.91 38.46 45.19 42.33 31.86 34.32 37.68 41.66 43.74 47.92 47.35 47.75 50.38 47.48 47.72 52.45 49.21 43.61235
4 PONJONG 35.68 34.76 34.4 40.53 31.14 31.03 33.27 36.53 37.23 43.21 43.5 43.6 45.12 44.29 45.82 46.78 43.24 39.41941
5 KARANGMOJO 35.03 37.02 40.22 44.29 31.16 28.43 30.78 37.09 38.34 47.37 39.92 53.15 51.21 48.31 48.07 53.24 44.79 41.67176
6 WONOSARI 36.62 34.12 44.47 34.68 31.63 35.74 40.28 39.17 35.85 46.34 38.95 4291 44.57 48.44 48.42 55.1 49.22 41.55941
7 PLAYEN 34.53 34.16 36.94 38.47 31.72 34.33 40.27 45.12 39.57 46.07 39.84 47.2 44.5 45.68 46.57 53.31 47.92 41.54118
8 PATUK 29.17 26.46 35.88 21.76 31.15 31.17 36.6 32.47 26.8 36.22 36.95 37.37 41.52 41.52 41.52 54.09 48.45 35.82941
9 GEDANG SARI - - 4231 35.63 31.81 24.94 37.34 41.8 35.99 39.47 43.19 49.83 50.52 40.31 43.45 52.36 46.68 41.042
10 NGLIPAR 35.22 40.57 36.86 43.77 31.34 26.54 37.44 43.85 27.82 38.4 38 54.81 42.91 39.84 42.5 45.91 48.12 39.64118
11 NGAWEN 32.64 46.4 43.92 48.13 31.28 36.16 37.44 44.98 27.96 46.82 38.06 44.57 48.42 50.52 43.71 49.39 50.55 42.40882
12 SEMIN 34.29 41.36 38.42 41.17 31.68 345 30.5 36.96 30.19 43.12 40.42 40.14 42.08 43.6 42.73 49.91 43.49 39.09176
13 PURWOSARI - - - - - 28.4 28.73 32.53 30.59 36.12 3391 37.37 38.09 39.17 42.04 45.12 40.03 36.00833
14 SAPTOSARI - - - 38.27 31.28 34.36 34.78 30.37 29.07 42.92 36.97 37.79 41.52 41.37 41.39 42.22 35.99 37.02143
15 TEPUS 32.65 32.96 30.99 28.31 31.17 30.38 35.75 36.56 30.45 38.7 37.99 38.2 40.97 41.13 40.83 433 38.97 35.84176
16 TANJUNGSARI - - - - - 29.79 37.14 40.55 39.17 38.17 38.2 38.76 41.87 44.98 45.54 45.9 44.29 40.36333
17 RONGKOP 32.53 30.09 36.66 30.65 31.11 32.86 36.13 34.6 35.57 45.02 36.57 40.56 46.51 46.44 45.54 47.12 46.42 38.49294
18 GIRISUBO - - - - - 26.23 33.43 34.88 36.96 40.84 36.81 40.56 42.77 42.77 44,91 45.2 49.07 39.53583
Total 442.38 | 459.32 | 534.56 | 556.95 | 471.13 | 562.25 | 636.99 | 676.55 | 612.15 | 757.18 | 698.85 | 775.82 | 799.69 | 789.07 | 798.06 | 874.75 | 818.61 708.06

Annual Average (Qu/Ha) 34.03 35.33 38.18 37.13 31.41 31.24 35.39 37.59 34.01 42.07 38.83 43.10 44.43 43.84 44.34 48.60 45.48 39.34
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Annex 6 Rain-fed Paddy Field Area in District of GunungkidProvince of
Yogyakarta Special Region
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Annex 7 The Anomaly Values of NDVI and NDDI by Sub-distri¥ear 2001 — 2013

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
Sub-District

NDVI NDDI NDVI NDDI NDVI NDDI NDVI NDDI NDVI NDDI NDVI NDDI NDVI NDDI NDVI NDDI NDVI NDDI NDVI NDDI NDVI NDDI NDVI NDDI NDVI NDDI
PALIYAN -4.53 0.67 0.43 1.04 -2.02 1.41 -1.7 6.3¢ -2.13 3.58 0.05 -0.70 -0.76| 3.18 -1.3[L 0.7)7 -1.15 671 | -0.56 2.55 -0.03 0.03 -1.2(Q 3.11 0.5p 1.2
KARANGMOJO -3.15 0.52 -0.10 -0.11] -0.14 0.83 -1.77 4.07 -0.01 2.06 0.98 -1.02| 0.11 2.84 0.3p 0.47 0.02-0.17 1.75 0.18 -0.45 -0.18 -0.04 1.8 1.88 0.4
PLAYEN -1.36 -0.92 -0.88 -0.34 -0.64 0.19 -0.3p .4 -1.55 1.80 -1.09 -0.94 0.03] 1.31 -0.78 -0.35 40.1 0.39 101 0.06 -0.04 -0.04 0.07 13 114 0.4
NGAWEN -3.00 -0.84 0.05 -1.40 -0.54 1.0§ -0.98 0.57 -0.45 0.45 -0.06 -1.78 -0.13 1.77 1.0 -0.36 -1.07 0.12 0.84 -0.13 -2.11 -0.80y -0.5¢ 18 2.76 -1
SEMIN -2.11 -0.62 0.38 -0.63 0.61] -0.1 -0.0p 0.33 1.08 -0.94 -0.19 -0.97 0.64 0.68 1.4 0.0p 046 270| 0.87 0.37 -1.03 -0.10 0.14 0.64 181 -0.2
WONOSARI -3.92 -0.78 -0.82 -0.25] -2.13 1.7 -1.93 781 -1.07 2.18 -0.32 -0.99 -0.3§ 2.71 -0.47 0.40 .840| 0.77 -0.01 0.92 0.22 -0.1( -0.94 3.5p 0.95 0.
GEDANGSARI -4.05 -2.06 -0.40 -1.87| -0.01 -1.0 0.9 044 0.41 -1.62 -0.55 -1.77 -0.0: -0.0L 0.87 40.f 0.01 -0.61 1.35 -1.05 0.26] -1.0 0.01 0.60 1.94 0.66
PONJONG -3.23 -0.67 -0.93] -0.5(0 -0.08 -0.2 -1.29 .031| -0.57 0.31 -0.11 -0.57, 0.52] 13 0.0¢ -0.11  120[ 0.04 1.25 0.24 0.04 -0.14 -0.0: 1.5p 1.33 0.
NGLIPAR -2.38 -0.16 -0.82 -0.20 0.07| 0.73 -0.9¢7 51.60 -0.48 0.57 -0.44 -0.74 0.35] 0.94 0.7 -0.14 -0.28 0.00 1.26 0.16 0.33 -0.18 0.19 11 1.6p 0.4
PANGGANG -2.57 0.58 -0.60 0.24 0.10 1.72 -0.49 0.718 -0.66 1.26 -1.37 0.16 -0.13 6.02 -0.3p 114 -0.67 1.54 1.98 0.34 0.74 0.10 -0.3 4.24 -0.g6 0.3
SEMANU -2.89 -1.49 -1.12 -1.15 -0.17 0.33 -0.71L 5.6 -1.88 1.44 1.73 -1.12 -0.03 1.44 -0.7¢% -0.73 50.8 0.09 -0.10 -0.21 -0.24 -0.27 -0.9 11 0.32 0.7
PATUK -1.49 -2.77 -0.74 -2.25 -0.59 -2.2 -1.31L  38.| -0.89 -0.95 -0.43 -1.78, 0.36| -0.3? 0.98 -1.05 .560( -1.02 101 -0.78 -0.01] -0.8§ -0.7 0.08 1.5 .600
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Annex 8 The Anomaly Values Rain-fed Productivity by Subtdct, Year 2001 — 2013

YEAR | PANGGANG | PALIYAN | SEMANU | PONJONG | KARANGMOJO | WONOSARI | PLAYEN | PATUK | GEDANG SARI | NGLIPAR | NGAWEN | SEMIN
2001 0.834 -2.193 -2.422 -2.113 -2.278 -1.409 -2.433 0.555 0.628 -2.340 -1.903 -2.495
2002 0.409 -1.118 -0.945 -1.410 -2.038 -0.129 -0.357 0.486 0.164 -2.563 -0.608 -0.753
2003 0.747 0.459 -0.072 -0.414 -0.988 1.016 2.431 1.674 0.893 0.304 -0.347 -1.751
2004 0.971 -0.343 0.870 0.712 0.346 0.599 3.445 0.449 1.057 1491 0.892 0.239
2005 -1.041 0.893 1.278 0.888 0.574 -0.326 0.657 -0.832 0.569 -1.632 -1.990 -1.553
2006 2.535 2.296 2.089 2911 2.433 2.606 2.289 1.362 0.750 0.411 1.165 1.895
2007 1.813 -0.277 1.536 2111 0.519 0.239 0.381 1.346 0.936 0.317 -0.217 0.939
2008 3.595 0.321 1.408 1.722 2.901 1.163 2.057 1.278 1.299 3.356 0.769 0.798
2009 2.388 1.814 1.748 1.820 1.846 1.444 1.135 2.008 1.209 0.685 1.307 1.190
2010 1.861 0.728 0.995 1.387 1.186 2.162 1.282 1.685 0.449 0.219 1.494 1.430
2011 1.647 1.692 0.970 1.566 1.058 1.800 1.349 1.481 0.636 0.595 0.356 1.096
2012 1.986 2.232 1.757 1.591 1.677 2.850 2.560 3.504 1.206 1.072 1.186 2.591
2013 1.879 1.401 1.008 0.765 0.422 1.305 1.163 1.796 0.740 1.328 1271 0.887
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Annex 9 Form of Verification

Date
Sub-district
Sample No.
Photo No.
GPS Code

Farmer’'s Name
Rain-fed Paddy Field Area Extent (Ha)

Landcover

Types of Crop

Paddy Growing Season (Paddy Calendar):
v 1% Planting: :
v 2"Planting :

v Harvesting

Productivity

Farming System

Drought History

v When
v Affected Location
v Loss
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