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1- Groundwater Neutral Cropping Systems
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4- Maximum Likelihood
5- ArcGIS 10.3
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1- United States Geological Survey
2- False Composite Color
3- Global Positioning System



ARTA) OY guaxo Gl ) b (6 5lwdiats 9 59elis Cubd cves Y guaxo ol ‘5)50,9,39)37,3

(£ a0 ) sl o )| ) Sad 5 il Lawss i oK)
AET =R, —H-G (")
S (9,5 Joga5 ol gly 5 55 o sl
J=b S o g )il SO gy GIS l3ale 5 bases 53 93 0lad
o e dwbxe Jalye 93 JSC5 b Jde 00 s Glis
A2 o Giuled 1y el
& ) o wzn (dlojlsale sl gl dnlne (sl sy,
Top of ) yauwesl maw YU (ulssb ay Jows slacl gy
Sl as Yoo Jlw o SOUW leas Las (Atmosphere
odlawl b 9.\,,,JT duolee (gly KU g s &) Jso 0 drwg
Y alal) Gygo 4 g 0l b piten] lawgi cundd ojlgale yglai ]

(VY &) ol aniS @l YV o
_ 0.356p5+0.130p4+0.373p5+0.085p6+0.072p7—0.0018 Y
a= 0.356+0.130+0.373+0.085+0.072 ( )

Ll by o ] alaly olil LY alay 5 oslizul 1 i 45
Lilodds duwlws

ol 1 ool U (PLST) (e o 3 Lo duloro (6

Lod dube (sl oaoxio 2l V) 9 Ve slasil 5l Acawsd o lgale

2 Lod dwbro (gl b oolaiol S wlide ;3 s (oYL jo
¥ oake |y 5 ool b (Tis) yhesodl (YL 55 Lod i)y pebaes
42355 drwbee (pglS (plie )3V 9 Ve slaily SIS sl
o glod & ¥ dlal 51 o3kl b jauedl (VU (slos o (VA)
lod bawgio (ol 5l Gy 5 9 o sl S S 50 (sl o0
o slod 5 285 ounles Ll (pl 90 2 lawgl oudd duolore

() 29y dlgd yo;
Kz

Ttoa = 17:1(12_? (¥)
LST = toa/l + (W X (Tt’#) X 1n(eNB)) )

A8 wies ()l b ol Ko g Ky calasly ol 5

s il Ly el odds &1yl GBBlus @y VY 5 Ve b 90 51 SO

52> YU 50 o duwle (glod Tiga «anwl VY 9 ¥+ slaily 51 <SS

1 bl 5 9m Jsb We Sy olizn 585 5 2 o9

YYAs Jolre ol (05 P el 0,800 VIO Jolro oS sl

JHB 595 e 5 g ST ol oslizal | o5
Al o dmolre

4- Albedo

5- Land Surface Temperature
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Fig 4- (a) Land classification for summer crops (tomato and maize) on Aug. 25 2015 and (b) land classification for winter
crops (Wheat and Barley) on May 21 2015
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Table 1- Error Matrix for Summer crops (Tomato and Maize)

& ol g5 =2 ui:i 7 . ot Yol uzllass‘ fJ)s;ersb
Class/Ref Maize Tomato City Mountain Desert 1 Desert2 total accuracy (%)
& )'a 40 0 0 0 0 0 42 952
Maize
S 0 39 0 0 0 0 40 975
Tomato
A 8 1 35 1 0 0 52 67.3
City
OnsS 1 3 0 43 0 3 50 86.0
Mountain
V oble 0 0 0 2 15 2 19 78.9
Desert 1
¥ ol 0 0 1 1 5 25 32 78.1
Desert 2
N Js cés
£ Eyomxe 50 53 38 47 20 30 225 Overall
Reference total accuracy
sy sl Js eés
Producer’s 80.0 73.6 92.1 91.5 75.0 83.3 Overall 87.6
accuracy

(% ) accuracy
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Table 2. Error Matrix for winter crops (Wheat and Barley)
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Clasy/Ref Tomato City Mountain Desert 1 Desert2
e total accuracy (%)
= 42 9 2 0 0 0 61 68.9
Maize
e 0 25 0 0 0 0 28 89.3
Tomato
e 6 1 35 1 0 0 52 67.3
City
s 0 0 0 43 0 3 50 86.0
Mountain
v bl 0 0 0 2 15 2 19 78.9
Desert 1
Y obls 0 0 1 1 5 25 32 78.1
Desert 2
N Js cés
&)l Egone 48 38 38 47 20 30 218 Overall
Reference total accuracy
sy sl Js cés
Producer’s 87.5 65.8 92.1 91.5 75.0 83.3 Overall 87.6
accuracy accuracy
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Fig 5- Actual evapotranspiration for a) tomato, b) maize, c) wheat and barley
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Fig 6- Yield Average distribution of a) tomato, b) maize, c) wheat and barley
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Fig 7- Income productivity average distribution in basin and sub-basinsfor cropsa) tomato, b) maize, c) wheat and barley
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Table 3- Cultivation area before and after optimization for first scenario

N gS <ys 55 9 oS cuiS mhw N5
Tomato Maize Wheat and Barley Total crop area
8 CuiS ) 98710917.12  415363089.1 4208604227 934934428.8
Old cultivation area (m3)
e S ) gl 19742183.42  415363089.1 188982124 624087396.5
New cultivation area (m3)
a5 S 0.2 0.45 0.667

Cultivation ratio
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Table 4- cultivation area before and after optimization for second scenario

)3 5505
Maize Wheat and Barley Total crop area

S s S5

NS
Tomato
w8 Sl ) o
Old cultivation area (m3)
dde S o
New cultivation area (m3)

.. . 0.2
Cultivation ratio

98710917.12  415363089.1

19742183.42 415363089.1

420860422.7 934934428.8

133823393.4 568928665.9

0.32 0.608
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Introduction In current situation when world is facing massive population, producing enough food and
adequate income for people is a big challenge specifically for governors. This challenge gets even harder in
recent decades, due to global population growth which was projected to increase to 7.8 billion in 2025.
Agriculture as the only industry that has ability to produce food is consuming 90 percent of fresh water globally.
Despite of increasing for food demand, appropriate agricultural land and fresh water resources are restricted. To
solve this problem, one is to increase water productivity which can be obtain by irrigation. Iran is not only
exempted from this situation but also has more critical situation due to its dry climate and inappropriate
precipitation distribution spatially and temporally, also uneven distribution of population which is concentrate in
small area. The only reasonable solution by considering water resources limitation and also restricted crop area is
changing crop pattern to reach maximum or at least same amount of income by using same or less amount of
water. The purpose of this study is to assess financial water productivity and optimize farmer’s income by
changing in each crop acreage at basin and sub-basin level with no extra groundwater withdrawals, also in order
to repair the damages which has enforce to groundwater resources during last decades a scenario of using only
80percent of renewable water were applied and crop area were optimize to provide maximum or same income
for farmers.

Materials and methods The Neyshabour basin is located in northeast of Iran, the total geographical area of
basin is 73,000 km2 consisting of 41,000 km2 plain and the rest of basin is mountains. This Basin is a part of
Kalshoor catchment that is located in southern part of Binaloud heights and northeast of KavirMarkazi. In this
study whole Neyshabour basin were divided into 199 sub-basins based on pervious study.Based on official

reports, agriculture consumes around 93.5percent of the groundwater withdrawals in Neyshabour basin and
mostly in irrigation fields, surface water resources share in total water resource withdrawals is about 4.2percent,
which means that groundwater is a primary source of fresh water for different purposes and surface water has a
minor role in providing water supply services in the Neyshabour basin. To determine crop cultivation area, major
crops divided into two groups. two winter crops (Wheat and Barley) and two summer crops (Maize and Tomato).
To accomplish land classification by using supervised method, a training area is needed, so different farms for
each crop were chosen by consulting with official agricultural organization expert and multiple point read on
GPS for each crop. The maximum likelihood (MLC) method was selected for the land cover classification. To
estimate the amount of precipitation at each 199 sub-basins, 13 station data for precipitation were collected,
these stations are including 11 pluviometry stations, one climatology station and one synoptic station. Actual
evapotranspiration (ETa) is needed to estimate actual yield (Ya). Surface Energy Balance Algorithm for Land
(SEBAL) technique were applied on Landsat 8 OLI images. To calculate actual ETa, the following steps in
flowchart were modeled as tool in ArcGIS 10.3 and a spreadsheet file. To estimate actual crop yield, the
suggested procedure by FAO-33 and FAO-66 were followed. Financial productivity could be defined in
differently according to interest. In this study several of these definition was used. These definitions are Income
productivity (IP) and Profit productivity (PP). To optimize crop area, linear programing technique were used.
Results and discussion average actual evapotranspiration result for each sub-basin are shown in context. In
some sub-basins which there were no evapotranspiration are shown in white. And it happens in those sub-basins
which assigned as desert in land classification. In figures 8 and 9 minimum amount of income and profit
productivity for wheat and barley is negative, this number means in those area the value of precipitation is higher
than value of evapotranspiration, so lower part of eq. 21 and 22 would be negative and in result water
productivity would be negative. Since most of precipitation occurs during cold season of the year these numbers
are expected. Two sub-basins of 43 and 82 has the value of negative, it means in these two sub-basins
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groundwater are recharging during the year 2014-2015.The maximum value of income and profit productivity
belong to wheat and barley which are winter crops and mostly rain fed, so amount applied water would be so low
and in result productivity increased. Among the summer crops maize has the most income and profit income
which can be interpret due to their growing period and the crop types. Maize has around 110 days to reach to
maturity and harvest, on the other hand tomato needs 145 days to harvest. Some plant is C3 and some are C4. C4
plants produce more biomass than C3 crops with same amount of water which leads to more productivity. The
results showed that tomato should have the most changes in area reduction (0.2) and maize should have no
changes in both scenarios. Crop area should reduce to 66percent of current cultivation area to maintain ground
water level and only 6percent reduction in cultivation area would result in 20percent groundwater recharging.

Conclusion to save groundwater resources or even retrieve the only water resource, cultivation area must
reduce if the crop pattern will not change. In this study only four crops were studied. It seems best solution is to
introduce alternative crop.

Keyword: Land Classification, Geograhic Information System, Groundwater, Remote Sensing, SEBAL
Algorithm,



