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The aim of this study was to evaluate the accuracy of the climate suitability
map of pistachio planting in the northwestern provinces of the country.
Accordingly, the climate suitability map of pistachio planting was prepared
based on long-term meteorological data using weighted overlap modeling
in the GIS environment. The accuracy of the mentioned map was evaluated
by comparing it with the pistachio orchards map that located in this area
using the Receiver Operating Curve (ROC). The results showed that 33,
33.4, 60, and 12.4% of the study area in East and West Azerbaijan,
Kurdistan, and Ardabil provinces are suitable for pistachio cultivation
respectively. The area under the curve (AUC) for the mentioned provinces
was calculated as 0.9, 0.8, 0.9, and 0.62, respectively, which in general
indicates the high accuracy of the results. In Ardabil province, insufficient
attention to the limitation of high relative humidity in different stages of
pollination, and fruit growth in the construction of pistachio orchards has
caused a low area AUC. Citing the results of the climate suitability of the
pistachio cultivation map can be a good guide for site selection of new
orchards and therefore, the reduction of crop yield due to climatic hazards
will be minimized.

© Authors, Published by Environment and Water Engineering journal. This is an open-access
paper distributed under the CC BY (license http://creativecommons.org/licenses/by/4.0/).
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Introduction

of the climatic needs. It seems that the lack of
attention to the suitability of land in the site

Pistachio is one of the important garden products
of Iran and makes up about 10% of the non-ail
income of this country. In recent years, the high
added value of pistachio and its adaptability to
the conditions of water deficiency and relatively
salty soils have caused the area of pistachio
orchards to expand significantly in the
northwestern regions of the country, regardless
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selection of pistachio is one of the main reasons
for its low yield in these areas. To overcome this
problem, it is necessary to evaluate land
suitability to choose the most suitable place for
pistachio planting, so that it is possible to
increase its yield per unit area. The preparation
of land suitability maps is considered the most
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efficient tool in this field. If the user is aware of
the accuracy of the generated maps, they can
estimate the success rate of the planning based
on the thematic maps. In this research, the
accuracy of the thematic map of the climatic
suitability of pistachio planting has been
evaluated using the Receiver Operating Curve
(ROC) method.

Material and Methods

The studied area includes the provinces of East
Azerbaijan, West Azerbaijan, Kurdistan and
Ardabil, which are located in the northwest of
Iran. In this research, maps of climatic
suitability in different phenological stages of
pistachio growth have been prepared based on
spatial analysis of climatic threshold values
(Table 1) extracted from  long-term
meteorological data (30 years) in the GIS

environment. Then, the final map of the climatic
suitability of pistachio cultivation was prepared
based on the weighted overlap model in the
ArcGIS software environment for the study
areas. In the next step, the spatial distribution
map of existing pistachio orchards based on the
information in the archives of the Agriculture-
Jahad organizations of the provinces, the
information obtained from the completed
questionnaires during field observations and
recording the coordinates of pistachio orchards
using GPS, has been prepared in the GIS
environment. Finally, the accuracy of the final
map of the climatic suitability of pistachio
planting has been evaluated by spatially
overlaying it with the map of existing pistachio
orchards in the study area using the ROC curve
method.

Table 1 Updated climate requirement for pistachio growing stage

Phenological Variables

Suitability Class

S0 S1 S2 S3 N
Chilling requirement (hr<7 °C) >800  800-600 600-500 500-400 <400
Air temperature during fruit growth (°C) 223; 20-23 18-20 15-18 ié‘;’
Mean annual air temperature (°C) 11‘; 12-14 10-12 7-10
Air temperature during pollination (°C) 122 12_14 10_12 :1%2
Mean minimum tergperature in the coldest 0-(- 0-(-2) (-5)-(-17) -17 - (-25) <-25
month of the year (°C) 2) and 4-6
Relative humidity in the pollination stage (%) 35-50 50-65 - >65
Relative humidity in the growth stage (%) 25-45 45-60 - >60
. 51800-2200
Elevation from sea level (m) 900-1800 900-900 2200<200<H
45°0'0"E  46°0'0"E  47°0'0"E  48°0'0"E Results
v ;“\ i The final map of pistachio suitability zones was
£1S > il K £ modeled by overlaying different spatial layers
1 el e based on the weighted overlay method in the GIS
., Lo 5 ‘\ environment. The result is shown in Fig. 1.
z - e z . . - .
: / ~%{ > ¢ pzarbijan “/'”\ %, /15 Moreover, the map of existing pistachio orchards
B L\; Nt : M\ B in the studied areas is shown in Fig. 2. Based on
z %, 1 14 N Nz the information in Fig. 1 and 2, it was found that
® L e /wf\’/ ik . . . .
o1 ¢ "‘% k. ¥ ® pistachio orchards were planted in all provinces
"l ¥ % ’ except Ardabil according to the climatic
2 Sy G~ e p - g
o P l P ~ z conditions of those regions.
©{ Suiability Map z,(\':w y -8
| B Uasua (\»« Krdistan > |8 The validation results of the pistachio climatic
2 | 132 Moderate Suitable \\ "‘\ : suitability map, which was performed by
14 Lake s ) - - - - - - .
2] & ProvincesBoundry W o : comparing it Wlt_h the spatial Q|str|butlon map of
_Pistachio Gardens e existing pistachio orchards in the mentioned
_ _ASO0E 4S0UE ATOCR deO0E _ provinces based on the ROC curve shown in Fig.
Fig. 1 Climate suitability map of pistachio growing 3
area '
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The ROC curve for East Azarbaijan Province is
shown in Fig. (3a); The area under the curve (0.9)
related to this province indicates a good match of
the climatic suitability modeling results with the
existing pistachio orchards in this province. This
issue can be well deduced by matching Fig. 1 and
2. The ROC curve of West Azerbaijan, Kurdistan,
and Ardabil are shown in Fig 3. The results of the
ROC method showed that the area under the
curve (AUC) of Ardabil province is lower than
the other three provinces.

45°00°E 46°00'E AT00'E a8°00'E
2 a
& &
= =
& %
2 “{";/ Kurdistan <
4" Lake
Z |7 Provinces Boundr\\ &
51 X IS
n Pistachio Gardens \(/.___E‘:I&OQ0.0Q_O o o
e — e s
45°00"E 46°0'0"E 47°00"E 48°0'0"E
Fig .2 The map of existing pistachio gardens
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Fig. 3 ROC Curve for: a) East Azarbijan province, b)
West Azarbijan province, ¢) Kurdistan province, and
d) Ardabl province

The ROC curve for the entire study area is drawn
and shown in Fig. 3. In this regard, the AUC for
the entire region has been calculated as 0.766,
which indicates the acceptable accuracy of the
modeled map of pistachio climatic suitability for
the northwestern region of the Iran and based on
the ROC method, this map is placed in the good
class.

Sensitivity

0000 0100 0200 0300 0400 0500 0600 0700 0800 0900 1.000
Specificity

Fig.4 ROC Curve for the study area

Conclusions

Accuracy assessment of the thematic maps is a
very important task, and if users know the
accuracy of the produced maps, they can estimate
the success rate of planning based on thematic
maps. The Receiver Operating Curve (ROC)
method is one of the common methods in this
field which was used in this research. The results
of the ROC method showed that the area under
the curve (AUC) of Ardabil province is lower
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than the other three provinces. This is due to the
less attention to the high relative humidity caused
by the entry of the humid Caspian air mass in the
different stages of pollination and fruit growth in
the site selection of pistachio orchards in this
province. On the other hand, the AUC of East
Azerbaijan Kurdistan, and West Azarbaijan
provinces showed the highest level of compliance
with existing pistachio orchards with values of
0.9, 0.86, and 0.8, respectively.
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Suitability Class

Phenological Variables

Chilling requirement (hr<7 °C) >§80
Air temperature during fruit growth (°C) 23-28
Mean annual air temperature (°C) 14-17
Air temperature during pollination (°C) 14-22
Mean minimum temperature in the coldest month of 0-(-2)

the year (°C)
Relative humidity in the pollination stage (%)
Relative humidity in the growth stage (%)

Elevation from sea level (m)

800-600 600-500 500-400 <400
<15
20-23 18-20 15-18 37

12-14 10-12 7-10 -
>30
12 14 10_12 - 10,
-17 — (-25) <-25

2 (5)-(17) and 4-6
35-50 50-65 - >65
25-45 45-60 - >60
900- 51800-2200
1800 200-900 - 2200<200<H
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parameters for study area

Std.

AUC Error

Row  Provinces Sig.

E-
Azerbaijan

2 W-
Azerbaijan
3 Kurdistan
4 Ardabil
5

0.90 0.002 0.08

0.80

0.86
0.62

0.77

0.026

0.025
0.364

0.000

0.10

0.11
0.13
Study 055

Area

Z

7 0500 |

Olel — o B5 b3

()

0 0.2 04 06 08 1

Specificity

Hz)

0.700

5 0400 |

3 0400
0300
0200
0.100

0.000 k
0.000 0.200

0.400 0.600 0.800

Specificity
ol —all: slalsl sl ROC slo g TS

1.000

Fig. 4 ROC Curves for: a) East Azerbaijan, b) West Azerbaijan, ¢) Kurdistan, and d) Ardabil provinces

ol S pY adl il a5 15 oe S aib o
A8 Sle ar gliwl cul o aty SLL ciS ;5 mlaw a5
@l ol e s Erdokmbdl glagbel
SIS caslie Gblie ol ol AZE i L]
oy ooly las (o-F) ISy o)l pliew! maw o asg
o d‘f e py e e elul Gren ol
Lsgie aibs o a5 ol 5l 45 b dealee (+/5Y) oyl
2 ROC«;‘-’““’ 25 e 0o omb cwl a8 S I8
b syl bl
5 Ladles,S alide olye 1o (grnd Cugh) woys (05
olwl ol jo anug lel b ;o ogue o

YU Codgase 4 (B axgi puc )

J
@l b oay oll S mje ands gl b, 0l
By lagy Gblin codsl ol L LLS )1 o (g3le Joe

Environment and Water Engineering

5 dels b Gldail e a5 ams o plas S ol
olel b ey s bl soll conls aiss g3lu Jow
S0kl 3 bl 1 S bl Gl )3 352 ge aty
29 4 3 CIYA) Gove ) maw (o alies (p) ol
Sl s @5 sl 5 5 ohl ool Jlob blis
2y g Sladl 03,5 Jolie jo Les ol Jlai 5l &S a8l o
o) et ede ol aiiy clilS gl covgasa gl 0gue
(z-F) 5o 0 gliws S bl 4 by e ROC e
alol> (AUC) b.ab.o ) C.la.w )L.\.Edo G B 45‘)
Sl e egy0ml ol dwle ((/ADY) olw! ol ol
adlaio cpl jo iy CilS o8l il g5le Juw gl

U‘@“WBM)J@W

Vol. 9, No. 1, 2023

[

EWE

\f‘Y)Le).c\ 0) " A 0)50


bshahmorady@gmail.com
Typewritten text
137


\YA

V.Y an)Lio.m 9 u;v\.oo‘)hu

C1PY) Juoyl sl (AUC) vy aw ol -Y
bylos ay bl cpl a lel wlasl o a5 ol las
pac aSs gk ol oais B axg ] 5 oS el
5 Al dgn oo Cushy 2oyd 3 Vb 4 (B 4z
—o S Gl Sl j0 6,55 sk e 0o Sei
SLb wlasl jo g lacasgas logem wdy 4 Sludl
Bl oo Olas a oylil ol 0wt

Hlade ) oalds dwloe adlaie S glp v ) aw -Y
Gl Jae aid jloel awgie a5 cunl cpl Lo (+/VPF
IV U I-PHRU S JIUWC JUW Epe
Dy oo )R s> WIS o

oobolp Ay CBE el A Jlel Gole gl o
3 Oghor Sy el 0dd oy p (ooclBl sla it
5 ol cuaS (S Olasin 5l g5 Jel5 Gledbl sl
o Jyame 98ee p 5o layull ple 5 S
clacs U ogd oolaiwl atwy cuils cenls gloacss

30,5 10,95 5 St sl 5 gaddg

&l Fowlen

Obl (65,518 olez plojl Jlo colex b pol> gy
Olpl &y oaSznghy (ole latty 5 (B0 olmb)dl
b all CEFO-YY- D005V olad ofey)
locos Duclus g dsgozms 95 (ol Ol I abewsino
lapbnl lilie O glejle 5 wlisln JS ol
Sl 5 e bl Jodyl 5 s S8 5 (Frtilmly)dl
Ao Jos a4 pad cwlidlga glacsls

Losls ay  cw yiwsd

Gk 3l Jorawe odrings Bib 5l icenlys s e Laosls
Sl )l BB o]

DS iy 5 @dlin 35

olai &Sz oS Wijle o el Wlas oyl
5 i ol Ll b g Saieus b alal, o silie

OBy

References

Ahmadi, K., Ebadzadeh, H. R., Hatami, F.,
Hossinpoor, R. and AbdehShah, H. (2020).
Agricultural  statistics.  Information and

Environment and Water Engineering

Loyt sloaigy ;o Gl sdee Coond 45 358 so aseine

gwum)aww%bj,ﬁswwo;ws
Hokmabadi 2016; Khayatzadeh ) ale> ;I (goaxie
el 0l 5,155 5.5 (Mahani 2006 and Taheri 2017

olewl o glp odd dwlbre polie lawgle wlely
39 g 00 muw 5 andllas 3,50 ddhis S 5l ROC s
oue ) g Ll een ol sl &l1(0) UK
ool Sl VES Jake b g odds draslome dilate S (ol
o3l s o g5l e a2 Ll Lsgie a5 ol
B oss W 5o 5iS oy Jleds dlaie )0 aly ZuiS

DS oo
1.000
0.900
0800
0.700
0.600

0.500

Sensitivity

0.400

0.300

0.200

0.100

0.000 " " " " N N " " N
0000 0100 0200 0300 0400 0500 0600 0.700 0800 0900 1.000

Specificity

asllas 5,0 adlaie JS (5l ROC oo -0 S0
Fig. 5 ROC Curve for study area

S 5 azxais ¥
2 Eyoge sloaids I cawy b &l g o)y o8 yle
3 a0 alawlise (ol)l el el L bLS)
E9o90 (pl 19,5 s0d Dy sbul (pl (puw,liel )90
B&wbo\.\w Ql.a 6[.%4...".9.: Méswo)‘w ol &.A.cl)
el Cewdy 25 @l g (o) 2 Ay Jpazmo
‘ROC &9) (AUC)‘S,..?Q.A ).J) c.'a..u ).g.oui.a u.:l.w‘].: -\

5 Oliws,S (B b, 3T slagylis] 45 ol aseie
Oliee 52 VL TA 5 IAZ dA L s 5 4 (@£ 0lmlyd]

o8l s g3l Jow 5l Jols zuls o 1, Lkail

olasls

Communication Technology Center, Deputy
for Planning and Economic Affairs, Ministry

u‘wwsw)h&m

Vol. 9, No. 1, 2023

[

EWE

\f‘Y)LQ).a\ 0) " A 0)50


bshahmorady@gmail.com
Typewritten text
138


AR

of Agriculture-Jahad. (2019 ed., Vol. 3, pp.
241). Tehran, Iran [In Persian].

Al-Taani, A., Al-husban, Y. and Farhan, I.
(2020). Land suitability evaluation for
agricultural use using gis and remote sensing
techniques: The case study of Ma’an
governorate, Jordan. Egypt. J. Remote Sens.
Space Sci., DOI: 10.1016/j.ejrs.2020.01.001

Amini, A. and Hesami, A. (2017). The role of
land use change on the sustainability of
groundwater resources in the eastern plains of
Kurdistan, lran. Environ. Monit. Assess.,
189(6). DOI: 10.1007/s10661-017-6014-3

Anselmus Teniwut, W., Kahfi Hamid, S. and
Mario Makailipessy, M. (2019). Using spatial
analysis with weighted overlay on selecting
area for fisheries agroindustry in southeast

Maluku, Indonesia. J. Phys. Conference
Series, 1424, DOI:10.1088/1742-
6596/1424/1/012016

Benmoussa, H., Luedeling, E., Ghrab, M., Ben
Yahmed, J., & Ben Mimoun, M. (2017).
Performance of pistachio (pistacia vera l.) in
warming Mediterranean orchards. Environ.
Experiment. Botan.,, 140, 76-85. DOI:
10.1016/j.envexpbot.2017.05.007

Bodaghabadi, M. B., Faskhodi, A. A., Saleh, M.
H., Hosseinifard, S. J. and Heydari, M.
(2019). Soil  suitability analysis and
evaluation of pistachio orchard farming, using
canonical multivariate analysis. Sci. Hortic.,
246.

Camps-Valls, G., Gomez-Chova, L., Calpe-
Maravilla, J., Martin-Guerrero, J. D., Soria-
Olivas, E., Alonso-Chorda, L. and Moreno, J.
(2004). Robust support vector method for
hyperspectral ~ data  classification  and
knowledge discovery. IEEE Trans. Geosci.
Remote Sens., 42, 1530-1542 .

Chen, C. H. (2007). Signal and image processing
for remote sensing. Francis Taylor & Francis
Publishers.672 PP.

Erfanifard, S. Y. (2014). Application of roc curve
to assess pixel-based classification methods
on ultracam-d aerial imagery to discriminate
tree crowns in pure stands of brant’s oak in
Zagros forests. Iran. J. Forest Poplar Res.,
22(4), 649-663. DOL:
10.22092/ijfpr.2014.13179 [In Persian].

Eslahi, M. (2017). Assessment of statistical
downscaling models in explanation of climate

Environment and Water Engineering

change over northwest of Iran. (Ph.D),
University of Mohaghegh Ardabili, Ardabil.
181 PP. [In Persian].

Esmaeili, A., Tajabadipoor, A. and Hokmabadi,

H. (2011). Pistachio production and
cultivation.  Rafsanjan, Iran:  Pistachio
Research  Center, Horticultural Science

Research Institue (HSRI). 98 PP. [In Persian].

FAO. (2007). Land evaluation: Towards a
revised framework; food and agriculture
organization of the united nations. Retrieved
from Rome, Italy.124 PP.

Ferguson, L, Polito, V. and Kallsen, C. (2005).
The pistachio tree; botany and physiology and
factors that affect yield. Pistachio production
manual, 4" ed. Davis, CA, USA, University
of California Fruit & Nut Research
Information Center, 31-39

Gil Pontius Jr., R. and Schneider, L. C. (2001)
Land-cover change model validation by an
ROC method for the Ipswich watershed,
Massachusetts, USA. Agri. Ecosyst. Environ.,
85, 239-248

Halder, J. C. (2013). Land suitability assessment
for crop cultivation by using remote sensing
and gis. J. Geogr. Geol., 5, 65-74 .

Hokmabadi, H. (2010). Pistachio frost damage in
Iran and new methods of frost protection.
Paper presented at the XIV GREMPA
Meeting on Pistachios and Almonds,
Zaragoza: CIHEAM / FAO / AUA /| TEI
Kalamatas / NAGREF.

Hokmabadi, H. (2016). Pistachio garden
management  calendar. Retrieved from
Damghan  Pistachio  Research  Station,

Semnan Agricultural and Natural Resources
Research Center, AREEO Semnan, Iran [In
Persian].

Hu, Z. and Lo, C. (2007). Modeling urban
growth in Atlanta using logistic regression.
Comput. Environ. Urban Syst., 31(6), 667-
688 .

Javanshah, A., Alipour, H. and Hadavi, F.
(2005). A model for assessing the chill units
received in Kerman and Rafsanjan areas.
Paper presented at the IV International
Symposium on Pistachios and Almonds 726.

Khayatzadeh Mahani, A. (2006). Investigation of
climatic elements (temperature and humidity)
on pistachio crop cultivation in Rafsanjan

u‘wwsw)h&m

Vol. 9, No. 1, 2023

[

EWE

\f‘Y)LQ).a\ o) 'sc\ 0)50


bshahmorady@gmail.com
Typewritten text
139


V.Y an)lfunggw‘)L{

city. (M.Sc), University of Sistan and
Baluchestan,  Sistan and  Baluchestan
province, Iran [In Persian].

Kumar, A., Pramanik, M., Chaudhary, S. and
Negi, M. S. (2020). Land evaluation for
sustainable  development of Himalayan
agriculture using RS-GIS in conjunction with
analytic hierarchy process and frequency
ratio. J. Saudi  Soc. Agri. Sci.,
10.1016/j.jssas.2020.10.001

Mas, J.-F., Soares Filho, B., Pontius, R., Farfan
Gutiérrez, M. and Rodrigues, H. (2013). A
suite of tools for roc analysis of spatial
models. ISPRS International Journal of Geo-

Information, 2(3), 869-887. DOI:
doi:10.3390/ijgi2030869

Mohammadyari, F., Pour khabbaz, H. R,
Aghdar, H. and Tavakoli, M .(2019).

Predicting the trend of land use change in
Behbahan city (2013-2027) using the Icm

model. Geogra. Space, 19(65), 37-59 [In
Persian].
Pontius Jr., R. G. and Schneider, L. C. (2001).

Land-cover change model validation by an
ROC method for the ipswich watershed,
Massachusetts, USA. Agri. Ecosyst. Environ.,
85, 239-248 .

Radoux, J. and Bogaert, P. (2017). Good
practices  for  object-based  accuracy
assessment.  Remote  Sens., 9 (7).

DOI:10.3390/rs9070646

Rafieyan, O., Darvishsefat, A. A., Babaii, S. and
Matajii, A. (2011). Evaluation of pixel-based
and object-based classification methods for
tree identification using aerial images (case
study: A forestation in camestan-nur). Iran. J.
Forest, 3(1), 35-47 [In Persian].

Shafizadeh-Moghadam, H., Tayyebi, A,
Ahmadlou, M., Delavar, M. R. and Hasanlou,
M. (2017). Integration of genetic algorithm
and multiple kernel support vector regression

for modeling urban growth. Comput. Environ.

Urban Syst., 65, 28-40. DOI:
10.1016/j.compenvurbsys.2017.04.011
Taghizadeh-Mehrjardi, R., Nabiollahi, K.,

Rasoli, L., Kerry, R. and Scholten, T. (2020).
Land suitability assessment and agricultural
production sustainability using machine
learning models.  Agronom., 10(4).
DOI:10.3390/agronomy10040573

Taheri, M. (2017). A feasibility study on
cultivation of pistachio in gizil-Gzan outskirt
in  Zanjan province. Retrieved from
Agriculture  Research, Education and
Extention Organization (AREEO), Iran [In
Persian].

Ustaoglu, B. and Uzun, A. (2018). Akdeniz
Bolgesi'nde (Tiirkiye) yetistirilen tarim
urunlerinin - 6zel iklim isteklerine uygun
arazilerin agirlikli c¢akistirma analizi ile
belirlenmesi. J. Human Sci., 15(4), 2433-
2453. DOI:10.14687/jhs.v15i4.5573

Vaughn, N. R., Moskal, L. M. and Turnblom, E.
C. (2012). Tree species detection accuracies
using discrete point lidar and airborne
waveform lidar. Remote Sen., 4, 377-403 .

Yarahmadi, J. and Amini, A. (2021).
Determining land suitability for pistachio
cultivation development based on climate
variables to adapt to drought. Theor. Appl.
Climat. DOI: 10.1007/s00704-020-03499-4

Yarahmadi, J., Hajihassani, N., farajnia, A. and
Tajabadei pour, A. (2017). Pistachio growing
area zonation based on climatic parameters in
east Azerbaijan province. Geogra. Plan.,
21(60), 281-298. [In Persian].

Zeinadeni, A., Poorlbrahimi, M., Taheri, N. and
Navidi, M. N. (2019). The growing needs of
important horticultural products in the iran.
Tehran, Iran: Soil & Water Research Institute,
Agricultural  and  Natural  Resources
Research Center, AREEO [In Persian].

How to cite this paper:

Yarahmadi, J., Amini, A. and Rostamizad, G. (2023). Accuracy assessment of pistachio climate suitability map
based on ROC curve. Environ. Water Eng., 9(1), 127-140. DOI: 10.22034/JEWE.2021.262531.1486

Environment and Water Engineering

u‘wwsw)h&m

Vol. 9, No. 1, 2023

[

EWE

\f‘Y)LQ).a\ o) 'sc\ 0)50


https://doi.org/10.22034/jewe.2021.262531.1486
bshahmorady@gmail.com
Typewritten text
140


