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Figure 1. The study region of Nazlu Chai basin in Urmia.
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Table 4. The results of the similarity of each method with observed data in the Crescent Bankette.

Gamma Gamma Boolean Boolean
09 0.8 0.7 0.6 0.5 0.4 0.3 0.2 01 And Or Models
0.824 0.618 0.559 0.5 0353 0.294 0.206 0.176 0.118 0.324 1 Similarity
values
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Table 5. The results of similarity of each method with observed data in the Counter Furrow.

Gamma Gamma Boolean Boolean
09 0.8 0.7 0.6 0.5 0.4 0.3 0.2 01 And Or Models
0.906 0.75 0.688  0.531 0469 0375 0.313 0.219 0.156 0.406 1 Similarity
values
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Table 6. Socioeconomic and technical aspects of the considered systems: according to Duveskog et al. (2008).

Sas

Bench Terrace

b S

Contour Furrow

S 5 Sl Dllas

Sl el anpe 4 5l
Construction and maintenance
are costly.

SV ey il aS sable s
Cleay WS (g, sbas a0 Sla|
(2Ll oS ool 5 Sl VL a3
Olulia )8 5 Jowe oSl o] sde
Ak e oS b il
In areas where the value of land
is high. Due to the high cost
of construction and low land
value, the acceptability of

local residents and natural
resource experts is low.

Al e ol olda (28 Slles 4 5L
Need high technical operation.

s a3l SIS 5 Sl Sl

Syl WS [E
Construction and maintenance
operations require very
little cost.

OLulislS 5 s oSt o e
el 35 T b e

The acceptability of local residents
and natural resource experts is

relatively high.

A3l sl Bl 5 e 450

The need for relatively high
technical operations.

operation is low.

Slaasr
Dl =SSl
S
Semi-circular bunds Siieiiied
Aspects
5L S 5 Slusl Ollas
2l oS wuse w bl
Construction and Economic
maintenance operations
require little cost.
5 o oSl S ke
el 3L b Gt.a olulis s olezrl
The acceptance of local Social
residents and natural
resource experts is high.
Al e oS B Dlbes w0 5L 3
The need for technical .
Technical




450000 460004 470000 430000 490004 500000 510000
1 1 1 1 1 1 1
» - 0
S8 slalf AsE Area % g,
3 50

= : 40 | 2
&7 Map of Fuzzy with 0.9 gamma »i 30 T 522 B
§ 200 | 30 g

100 i | (B3]
§- ‘_‘.L';Lh Sl ? fﬁ J5S |1 di@ Jﬂ" _§
=] - % v =]
§ Crescent Counter - saldig §

Bankette Furrow g terace Unsuitable
2 - & p0 30 SV 0+ V] tabge IS cuvluc -2
= =
= =
Total Area 1507.9 km"2
o o
= =
(=] o
= =
pn pn
2~ -2
g g
= ool s =
LA g
§ T Basin Border B §
z z
b P ER L 2
Crescent Bankette
2 il g 03 6 L2
g ——— km c
2 Countwe Furrow [
=t =t
s il
Bench terrace

(=) (=]
(= ol )
b=} T T T T T T T g
?_r 450000 460000 AT0000 480000 490000 500000 510000 ‘3_
=t =t

ol Jlasal S s Mats Gbls o 425 A S
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Abstract

Background and Objectives: Iran and accordingly the study area due to placing on the dry belt
region of the world are always faced with the drought phenomenon and shortage of rainfall.
Accordingly, the efficient use of water and the management of these areas are integral component
requirements of such areas. Precipitation pattern in arid areas occurs as storms with the high
intensity usually in short time and causing huge runoff in the basin that will carry valuable surface
soil and decreasing water infiltration opportunity in the soil. Different techniques of rainwater
harvesting from natural lands, improved micro-catchments or agricultural micro-basins will lead to
developing sustainable economical agriculture and store runoff into soils, dams, terraces, ponds,
ditches and reservoirs. The study area with 470 mm rainfall and runoff coefficient of 0.26 has the
high potential of water harvesting at the basin scale. Previous studies show that lower gammas fuzzy
logic values target macro-catchment systems of water harvesting well, but in micro-catchment
systems with using fuzzy operators are less researched.

Materials and Methods: In this research for finding suitable areas for water harvesting, 3 systems
including semi-circular bunds, contour furrow and bench terrace with using GIS in Nazlu basin
with 908 km’® area, of west Azarbijan were investigated. Watershed factors such as climate,
physiographic and hydrological factors, six important layers of precipitation, slope, land use,
hydrologic soil groups and drainage and soil depth were selected. For intersecting and making layers
dimensionless, Fuzzy logic with trapezoidal membership function and Fuzzy logic with the
analytical hierarchical process (AHP) were used for the quantitative and qualitative variables
respectively. AND for combining of layers Boolean AND, Boolean OR, Fuzzy algebraic Product,
Fuzzy algebraic sum, Fuzzy gamma of 0.1 to 0.9 methods were examined.

Results: The “measure of similarity” is used for comparisons of filed observed and combination
outputs. The results show for the crescent bankette and the Gamma-0.9 Fuzzy, this figure equals
0.824 and for counter furrow, equals 0.906. These figures indicate that fuzzy gamma 0.9 has better
suitability than other method and also Boolean logic model do not show suitable results. Similarity
index in fuzzy logic increases up to 0.9 gamma and returns below 0.9. High Gamma for site
selection of Micro-catchment water harvesting systems shows better results. The 30% of the basin is
suitable for semi-circular bunds, the 11.5% for contour furrow and 6.3% for bench terrace.
Conclusion: The results show that for determining the locations suitable to micro-catchment water
harvesting methods, Boolean methods are less useful due to low precision and the usage of newer
methods of gamma fuzzy logic should be considered, instead.

Keywords: Water harvesting at basin scale, Fuzzy logic, Boolean logic, GIS, NazlouChay Basin
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