Large-scale mapping of irrigated areas In
the CWANA region and use of Irrigated
area information in identifying potential

areas for supplemental irrigation

Eddy De Pauw

! International Workshop on Global Irrigated Area Mapping 2006 (GIAVI2006)
25-27 September 2006, Colombo, Sri Lanka

ICARDA



Perspectives
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User: In GIS applications




CWANA region






Mapping irrigated areas in CWANA

o 2regional studies:
— Land use/land cover in CWANA base year 1993, 1-km
resolution, decision tree
— Land use/land cover change in CWANA 1982-1999, 8-
km resolution, image analysis
o 1 national studly:

— Land usef/land cover in Syria, base year 1990, visual
Interpretation of Syria Space Atlas (GORYS)



Land use/land cover of CWANA 1993

* \Why? No reliable LU/LC map at regional scale
— Only supervised and unsupervised classifications techniques
have been used

— Problem of the variation in reflectance response for similar
land cover units in different agro-climatic zones

— NDM-values within a land cover class are higher in more
humid climatic conditions
 New classification scheme was established, based on
the Incorporation of existing agro-climatological
Information through a decision-tree algorithm using
sliding thresholds

e AVHRR 1-km NDVI-composites from April 1992 to
March 1993



Classifiers

e Main classifiers: annual maximum, mean and minimum
NDVI
o (Classifiers to reflect the macro-climatic variation in
CWANA:
— Agroclimatic zone (UNESCQO, 1979)
— Period of dry season
— Latitude zone



Agroclimatic map (Unesco, 1979)



Decision tree for LULC CWANA 1993

Thresholdsfor NDVImean to differentiate ‘for est/closed

shrublands
Agroclimatic zone Threshold
All arid zones 0.20
All semi-arid zones 0.25

Sub-humid zones with mild summer and mild | 0.35

winter
Other sub-humid zones 0.30
All humid zones 0.40

Thresholdsfor NDVImax to differentiate ‘rainfed field crops

Agroclimatic zone Threshold
All arid zones 0.22
All semi-arid zones except with cold winter 0.35

All sub-humid zones except with cold winter, | 0.40
semi-arid zones with cold winter

All humid zones, sub-humid zones with cold | 0.50
winter

Thresholdsfor NDVImax to differentiate ‘woodland savannah’

Agroclimatic zone Threshold
All arid zones 0.25
All semi-arid zones 0.35
All sub-humid zones 0.40
All humid zones 0.50




Land cover map for ICARDA’s mandate region



LAND COVER/LAND USE MAP OF CWANA



Accuracy testing different LULC classifications

By comparison with a higher-resolution land use/land cover map for Syria (De Pauw et al., 2004)
Using the KHAT accuracy index (Lillesand & Kieffer, 1994)



LULC change analysis CWANA 1982-1999

 Based on AVHRR Pathfinder dataset
 and monthly NDVI composited from 10-daily NDVI




Adjusting the decision-tree for weather fluctuations:
rationale

 The NDM thresholds apply to average climatic
conditions

 Between years there are considerable differences,
particularly in precipitation but also temperature

« NDM is highly responsive to these factors

 To ensure that the same LCLUT is not

misclassified if their NDVI varies, an adjustment for
weather fluctuations Is required




Adjusting the decision-tree for weather
fluctuations: approach (1)

 Using the UNESCO agroclimatic classification the whole
CWANA region was separated into 152 local zones with
homogeneous agroclimatic conditions

Homogeneous climatic zones for \West Asia
NDVI 1rax

/ per zone

UNESCO, 1979. Map af the world
distribution of arid regions. Map at
scale 1:25,000,000 with
explanatory note. UNESCO, Paris,
54 pp. ISBN 92-3-101484-6.




Agreement  between  average
NDVI_, and a linear combination
of average annual rainfall (R) and
minimum temperature of the
coldest month (T) for 6 stations in
the red-bounded agroclimatic
zone of Hg.4.

Local zones with homogeneous agro-
climatic conditions in West Asia



Adjusting the decision-tree for weather
fluctuations: approach (2)

e Correct thresholds for each zone as follows:

NDVI _max,
NDVI _max,,

With i; year; |: zone; av_j: average for zone j

[Threshold], ; = Threshold,, | *

 Develop annual land cover maps by running the decision-
tree with the annually adjusted thresholds



Change detection

 Using the method described above, 17 annual land cover
maps were produced covering the period 1982-1999.

 This dataset was further condensed into four maps,
reflecting the majority land cover for four key periods of

three years.
— 1982-1984
— 198/-1989
— 1992-1994
— 1997-1999




Majority land cover



Decision rules for change assessment

1082719831084 1985 | 1986 1987 1988 1989 1990 | 1991 [[1992 1993 1994 1995 | 1996 [EEEINEEEEEEN

Majority class Majority class Majority class Majority class
1982-1984 1982-1984 1992-1994 1997-1999

1) If all four classes are equal, the land cover remains stable.
eg AAAA,BBBB

2) If a permanent change occurs from one class to ancther, a change class results;
eg ABBB;AABB;AAAB;,BAAA BBAA BBBA

3) If the change from one class to another is nat permanent, the combination is interpreted as
a stable mosaic of both classes.
eg AABA ABAA ABAB,ABBA BBAB,BABB,BABA,BAAB

4) If there are three or four different classes or a ‘noise’ class (E), the classification is ‘noise’.
eg ABCA ABCD AEAA AABE



Stable and change patterns

 Stable patterns:
17 stable classes

e.g. Barren to Irrigated, Forest to Rainfed, Rainfed to
Irrigated

* Intensification of Natural Vegetation:
e.g. Barren to Grassland, Savannah to Forest
* Retrenchment of Agriculture:

e.g. Irrigated to Barren, Rainfed to Grassland, Irrigated
to Rainfed

: |paﬂ:t .
Ch ge erns * Retrenchment of Natural Vegetation:
66 change combinations

22 change classes
4 change trends

e.g. Forest to Grassland, Grassland to Barren



Land use change trends and land degradation

 Both Intensification and Retrenchment may be
associated with particular forms of land degradation

— Intensification: e.g. deforestation, depleting of non-renewable
water resources

— Retrenchment: e.g. depleted water resources, salinization, loss of
fertility, conversion of forest to grasslands

 ‘Hot spot’ approach is unable to identify particular forms of
land degradation, only target areas for further investigation



Results: Spatial distribution of land cover
change trends: 3. Horn of Africa



Results: Spatial distribution of land cover
change trends: 4. Arabian Peninsula



Synthesis



Hectare

600,000,000

500,000,000

400,000,000

300,000,000

200,000,000

Synthesis: Stability of land cover
1. Absolute change

75,000,000 ha

43,000,000 ha
/

OO Noise
B Change
H Stable

Middle East Africa Sahel North Central Caucasus South Central Arabian North-West North-East
Asia Asia Peninsula Africa Africa

Region



Hectare

80,000,000

70,000,000

60,000,000

50,000,000

40,000,000

30,000,000

20,000,000

10,000,000

Synthesis: 2. Kinds of change

North-West
Africa

North-East
Africa

Arabian Middle East Caucasus
Peninsula

Region

Africa Sahel

Absolute change

South Central
Asia

North Central
Asia

Percent of total change

M nt Agric

ERegr Agric
HInt NatVeg
ORegr NatVeg

North-West
Africa

Relative change

.

North-East Africa Sahel
Africa

Arabian  Middle East
Peninsula
Region

Caucasus

South North
Central Asia Central Asia

W Int Agric(%)

B Regr Agric(%)
B Int NatVeg(%)
ORegr NatVeg(%)




Uses of irrigated area information

Generating information for agricultural planners

e |dentifying agricultural potential and constraints of
different regions

 Agroecological zoning

e Surtability assessments: crops and technologies
— Current land surtahility for crops and rotations
— Surtahility for supplemental irmgation




Resource poverty indices

 Strategic planning: to compare different countries or
regions
* Downscaling statistical information to pixel level



Regional planning: resource poverty mapping

Index Acronym Description

Irrigation water availability index WA Proportion of the pixel irrigated

Climatic resource index CRI climatic potential to produce biomass

Soil resource index SRI proportion of the pixel without problematic
soil types

Topographic resource index TRI proportion of the pixel without topographic

limitations for agriculture

ARl = CRIjry (1)

ARlpir = MIN (CRIlyirr, SRI, TRI) (2)

ARlpixa = ARlie * IWAI + ARl * (1-IWAI) (3)

withirr and n-irr referring respectively to theirrigated and non-irrigated fractions of the
pixel, MIN the lowest value of the set, and IWAI the fraction of the pixel that isirrigated.



Agricultural resource potential index for CWANA



National level: downscaling statistical information



Agroecological
ZONes

 Biophysical
characterization
for agricultural
planning



Spatial modeling of the biophysical potential for
supplemental irrigation

o Opjective
— Quantify potential water savings by changing emphasis
from summer crops to winter crops
 Rationale

— more efficient use of winter precipitation and sail
moisture storage



Supplemental irrigation

* Addition of water to essentially rainfed crops during
times of serious water deficits

 Reduction of risk of crop failure

* In Mediterranean regions (and by extension winter-
rainfall non-tropical drylands) higher water use

€

ficilency (‘more crop per drop’) as compared to

summer-irrigated crops



=stimating potential water savings

 High potential for saving water by changing cropping
pattemns

Cotton
Date Date kc ETo ETc Prec ETci, Potentia
after 1 water
Nov savings
15 Apr 166 0.35 123 43 34
15 May 197 0.64 193 124 19
15 Jun 227 1.17 267 312 2
15 Jul 258 1.17 308 360 0
15 Aug 289 1.08 274 296 0
15 Sep 319 0.74 178 131 1
1266 56 1210 1056 )
W heat N
Date Date kc ETo ETc Prec ETci Water
after 1 alocation
Nov needs
15 Nov 15 0.70 40 28 36
15 Dec 45 0.76 21 16 59
15 Jan 76 0.89 22 20 60
15 Feb 107 1.02 37 38 51
15 Mar 135 1.13 72 81 45
15 Apr 166 1.15 123 141 34
15 May 196 0.70 193 134 19
458 304 154 154
INSI 1




Where to apply potential water savings?

e Soclal and economic considerations
— Qutside the scope of this stuay
* Biophysical considerations
— Climatic (precipitation should be high enough to make
supplemental irmgation feasible)
— Soils should be suitable for agriculture
— Distance limitations
— Regulated land use



Methodology: general approach

 Estimate water savings from shift summer ->winter-irrigated

Crops
— Within a single pixel
— For all pixels of a contiguous imgated area (‘irmgated perimeter’)
o Distribute water savings among pixels that at present are
not irrgated but meet the criteria

« Distribute according to distribution rules that emulate
allocation priorties



Computing water savings

 Comparing crop water needs between two systens

 Using the simple model by Allen et al. (1998) based
on Doorenbos & Pruitt (1984)

AlenR.G, LS. Pereira, D. Raes,
M. Smith. 1998. Crop
evapotranspiration: Guidelines for
computing crop water
requirements. FAQ Irrigation and
Drainage Paper 56, 300 pp., FAG,
Rome



—guations



Calculating total water savings from an irrigated
area

e the sum of water savings from all irrigated pixels
within that imgated area.

n
ws=  PWS (5)
p=1
o Calculate for all irmgated areas



Allocating water savings to rainfed areas

Criteria for allocating water refer to suitability of areas
surrounding an irrigation perimeter, based on ability to benefit
from a water allocation
Criteria:

— Distance fromthe perimeter

— 8|0pe

— Soils

— Presence of forests

Scores against criteria combined in multi-criteria evaluation
and stored as a allocation priority layer (APL)

Caution: Modeling allocations, not actual allocation!



Criteria: distance



Criteria: solls



Criteria: solls

 Use of direct evidence of salil suitability instead of
indirect evidence (from a soil map)

e Reasons:
— Soil map not detailed enough (1:500,000 scale; soil
taxonomic units; soil associations)
— Relationships between expert-derived suitability and
crop productivity not always true



Example: soils with high gypsum content



Criteria: forests

o [f forest =0 (pixel Is not forest) the land use Is
suitable (S, =1)

o If forest =1 (pixel is forest) the land use Is
unsurtable (S, .4=0)




Combination of suitability scores

* Most Limiting Factor method

° Sﬁnal = Mn(sdistanc:@ Sslope1 Ssoil’ Sforest)

 Hnal score converted for entire geographical scope
as an allocation prionty layer (APL)




Remote sensing for generating land use/land
cover layers

e |dentification of the folloing LULC types:
— Water bodies
— Forests
— Imgated areas
— Arable land



Unsupervised Classification PCA

Use of unsupervised classification and PCA for mapping water bodies



Path / Row Technique used Threshold

PCA (3 bands)

174-035 Unsupervised classification (15 classes) to PCA 3 cl 1.4
PCA (3 bands)

174-036 Unsupervised classification (10 classes) to PCA 3 Classes 2, 3

174-037 Unsupervised classification (10 classes) Class1
PCA (3 bands)

173035 Unsupervised classification (10 classes) to PCA 3 Class1
PCA (3 bands)

173036 Unsupervised classification (15 classes) to PCA 3 Class1

173-037 Unsupervised classification (15 classes) Classes 1, 4
PCA (3 bands)

172-035 Unsupervised classification (15 classes) to PCA 3 Class3
PCA (3 bands)

172-036 Unsupervised classification (15 classes) to PCA 3 Class1
PCA (3 bands)

171-034 Unsupervised classification (10 classes) to PCA 3 Class1
PCA (3 bands)

171-035 Unsupervised classification (20 classes) to PCA 3 Class1

171-036 Unsupervised classification (10 classes) Class1




Mapping forest areas

Using PCA and unsupervised
classification



Technique used

Path / Row
Remote Sensing GIS

Principal Component Analysis PCA (3bands) | - Region group analysis

Unsupervised classification (25 classes) to - Exclude areas with less than 400 pixel
174 - 35 :

PCA 3 regionally grouped

Classes (2, 3, 4, 5, 6) have been selected - Visud interpretation analysis

Principal Component Analysis PCA (3bands) |- Region group analysis

Unsupervised classification (25 classes) to - Exclude areas with less than 400 pixel
174 - 36 :

PCA 3 regionally grouped

Classes (6, 7, 8, 9) have been selected - Visuad interpretation analysis




Use of NDVI threshold for extracting summer-irrigated areas

Normalized Difference Vegetation Index NDVI NDVI >=0.0195

Landsat ETM7



Path / Row Technique used Threshold Comments
174 - 35 Normalized Difference Vegetation Index (NDV1) >=0.1
174 - 36 Normalized Difference Vegetation Index (NDV1) >=0.1
174 - 37 Normalized Difference Vegetation Index (NDV 1) >=0.0195
173-35 Normalized Difference Vegetation Index (NDV 1) >=0.0195
173-36 Normalized Difference Vegetation Index (NDV ) >=0.0195
173-37 Normalized Difference Vegetation Index (NDV1) >=0.0195 Forestry areas were first
173-38 Normalized Difference Vegetation Index (NDV1) >=0.1875 excluded
172-35 Normalized Difference Vegetation Index (NDV1) >=(0.0195
172 -36 Normalized Difference Vegetation Index (NDV 1) >=0.0195
171-34 Normalized Difference Vegetation Index (NDV1) >=(0.0195
171-35 Normalized Difference Vegetation Index (NDV ) >=0.0195
171 -36 Normalized Difference Vegetation Index (NDV ) >=0.0443




Processing steps
used for the
Identification of
arable land

Note:

The differences in techniques and
thresholds used for the detection of
arable lands are independently based
on spectral characteristics and contrast
properties of each image



Technique used

Path / Row . Threshold Comments
Remote Sensing GIS
Principle Component Analysis <= 100 regionally grouped
PCA (3 bands) pixels of selected classed .
Unsupervised classification (15 , avS have been erased. rEanuaclj rewsor;]s hbav © f
classes) to PCA 3 Region group analys's <= 1000 regionally een done on the base 0
174 - 35 Visual interpretation . visual interpretation
Classes (5, 6, 7, 8, 9, 10) have Vs grouped pixels of non- F h
been selected analysis selected classes have been oresy aressweretnen
exclu
: added.
Normalized Difference Vegetation
Index (NDVI) >=0.01
Principal Component Analysis <= 100 regionally grouped
PCA (3 bands) pixels of selected classed .
Unsupervised classification (10 : . have been erased. manual revisions have
o ) to PCA 3 Region group analysis <= 1000 regionally been done on the base of
174-36 Classes (4, 5, 8, 9,10) have been Visual Interpretation grouped pixels of non- visual interpretation
sdlected analysis sdlected have been Forelﬁt(%d areas were then
asses exclu
: added.
Normalized Difference Vegetation
Index (NDVI) >=0.01
: <= 100 regionally grouped
Unsupervised classification (25 pixels of selected classed
classes) Region group analysis have been erased. manual revisions have
174 -37 Classes (7, 8, 9,10, 18, 21) have Visual interpretation <= 1000 regionally been done on the base of

been selected

Normalized Difference Vegetation

Index (NDVI) >= 0.01

analysis

grouped pixels of non-
selected classes have been
added.

visual interpretation




Spatial modeling: overview



Spatial modeling: input databases

 DEM SRTM

e Climate surfaces:
— Mean monthly precipitation from FAOCLIM2

— Mean monthly PET:
* Penman-Monteith estimates for individual stations

o 2-step procedure:
— Calculate Hargreaves PET from Timax and Tmin

— Convert into PET Penman-Monteith estimates using regression equations
between PET, ; and PET,,

— Spatial interpolation:
e Thin-plate smoothing spline method of Hutchinson (1995)
e ANUSPLIN software

Hutchinson, M.F. 1995. Interpolating mean rainfall using thin plate smoathing splines, International Journal of
Geographical Information Systens, 9: 385-403.



Spatial modeling: intermediate layers

Crop evapotranspiration for cotton Apr-Sep
Crop evapotranspiration for wheat Nov-May
Total seasonal (Apr-Sep) water requirement for cotton
Total seasonal (Nov-May) water requirement for wheat

Potential water savings (PWS) by shifting from cotton to
wheat



Allocating water savings

Sinple calculation on individual pixel basis

Implementation in GIS demands very complex algorithm

— (Thousands of irrigated permeters with overlapping zones of
Influence!)

Spatial Water Allocation Algorithm (SWAA)
— Stand-alone Visual Basic program (VB.net)
— Recognizes and processes ArcGIS spatial objects

Of the 10,000+ imgated pernmeters only the oneswith 48
pixels (1650) were processed



Steps in the algorithm

Define a buffer zone around each irrigated perimeter
— Variable size depending on size of the IP

Combine PWS layer with APL layer to create allocation priority zones
around EACH IP

Split entire set of allocation priorities into 11 classes: 0, 0.0-0.1, ...,
091

starting with the pixels in the top priority class (0.9-1), fill pixels with
the allocation needed to fill the evapotranspiration deficit.

Continue filling new pixels with decreasing priorities until the TWS s
exhausted

Within each priority class pixels are selected at randomto avoid
directional bias



Modeled water allocation priorities for a sample area



Qutputs

 For each IP: total water savings (TWS) by shifting
from cotton to wheat

 Usable savings ratio: % of irrigated perimeters that
can potentially shift from full imgation to
supplemental Irrigation

o Status of potential water savings as related to
potential needs In surrounding areas

 Map with modeled potential water transfers from
Imgated to rainfed areas




Percentages of irrigated perimeters within a usable water savings ratio category









Results



Conclusions

 Large potential in Syria for supplemental irrigation
by change Iin cropping pattem

 Potential is roughly a more than doubling of the
area under irrgation



Potential for outscaling

Method can be applied in other dryland areas without major
modifications

Input data: DEM, climate surfaces, satellite imagery all
conformed to SRTM resolution (90 m)

Factors, decision rules and thresholds for determining
allocation priorities can be adjusted to local conditions

Problems for outscaling:

— Inadequate soil information: soil maps not of the necessary
quality, resolution or practical classification

— ‘Arable land’ identified from satellite imagery not always a good
proxy for sall suitability




Future work

o (GIS-based planning support system (PSS)
 Allow users to select:
— Area of interest
— Current and desired cropping pattermns
— Water management technigue and associated loss factors
— Prohibitive factors
— Parameter thresholds for suitahility (distance, slopes etc.)



