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1. Thornth-Waite

2. Jensen-Haise

3. Hargrives-Samani

4. Dalton

5. Penman-Monteith

6. Penman-Monteith- FAO
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1. Knot

2. Cluster Analysis

3. Dendogram

4. Two-Step Cluster Analysis (T-SCA)
5. K-Means Cluster Analysis (K-MCA)
6. Hierarchical Cluster Analysis (HCA)
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1. Top-Down

2. Divisive

3. Bottom-Up

4. Agglomerative
5. Pan Evaporation
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CIu:ters lhali’;m.ﬂ CIu:ters hbm‘ Clussters hbm‘ Clus6ters ubm'
1 1: ABADAN 1 1: ABADAN 1 1: ABADAN 1 1: ABADAN
1 2: ABADEH 1 2: ABADEH 1 2: ABADEH 1 2: ABADEH
1 3: ABALI 1 3: ABALI 2 3: ABALI 2 3: ABALI
2 4: JAZIREH 2 4: JAZIREH 3 4: JAZIREH 3 4: JAZIREH
1 5: AHAR 1 5: AHAR 1 5: AHAR 4 5: AHAR
1 6: BAM 1 6: BAM 1 6: BAM 1 6: BAM

1. Clustering
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Clusters < Clusters 3 Clusters & Clusters s
2 7: BANDAR A 2 7: BANDAR A 3 7: BANDAR A 3 7: BANDAR A
2 8: BANDAR L 2 8: BANDAR L 3 8: BANDARL 3 8: BANDARL
1 9: BIJAR 1 9: BIJAR 1 9: BIJAR 4 9: BIJAR
1 10: BIRJAND 1 10: BIRJAND 1 10: BIRJAND 1 10: BIRJAND
1 11: BOJNURD 1 11: BOJNURD 1 11: BOJNURD 4 11: BOJNURD
2 12: BUSHEHR 2 12: BUSHEHR 3 12: BUSHEHR 3 12: BUSHEHR
2 13: CHAHBAHA 2 13: CHAHBAHA 3 13: CHAHBAHA 3 13: CHAHBAHA
1 14: DEZFUL 1 14: DEZFUL 1 14: DEZFUL 1 14: DEZFUL
1 15: DOUSHAN 1 15: DOUSHAN 1 15: DOUSHAN 4 15: DOUSHAN
1 16: ESFAHAN 1 16: ESFAHAN 1 16: ESFAHAN 1 16: ESFAHAN
1 17: FASSA 1 17: FASSA 1 17: FASSA 1 17: FASSA
1 18: FERDOUS 1 18: FERDOUS 1 18: FERDOUS 1 18: FERDOUS
1 19: GARMSAR 1 19: GARMSAR 1 19: GARMSAR 1 19: GARMSAR
3 20: 3 20: 4 20: 5 20:
GHAEMSHR GHAEMSHR GHAEMSHR GHAEMSHR
1 21: GHAZVIN 1 21: GHAZVIN 1 21: GHAZVIN 4 21: GHAZVIN
1 22: GHOM 1 22: GHOM 1 22: GHOM 1 22: GHOM
1 23: 1 23: 1 23: 4 23:
GHOOCHAN GHOOCHAN GHOOCHAN GHOOCHAN
3 24: GORGAN 3 24: GORGAN 4 24: GORGAN 5 24: GORGAN
1 25: HAMEDAN 1 25: HAMEDAN 1 25: HAMEDAN 4 25: HAMEDAN
1 26: ILAM 1 26: ILAM 2 26: ILAM 2 26: ILAM
2 27: JASK 2 27: JASK 3 27: JASK 3 27: JASK
1 28: JOLFA 1 28: JOLFA 1 28: JOLFA 4 28: JOLFA
1 29: KARAJ 1 29: KARAJ 1 29: KARAJ 4 29: KARAJ
1 30: KASHAN 1 30: KASHAN 1 30: KASHAN 1 30: KASHAN
1 31: KERMAN 1 31: KERMAN 1 31: KERMAN 1 31: KERMAN
1 32: KERMANSH 1 32: KERMANSH 1 32: KERMANSH 4 32: KERMANSH
1 33: KHASH 1 33: KHASH 1 33: KHASH 1 33: KHASH
1 34: 1 34: 1 34: 4 34:
KHORRAMA KHORRAMA KHORRAMA KHORRAMA
1 35: KHOY 1 35: KHOY 1 35: KHOY 4 35: KHOY
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Clusters & Clusters < Clusters ¢ Clusters ¢
2 36: JAZIREH 2 36: JAZIREH 3 36: JAZIREH 3 36: JAZIREH
1 37: MAHABAD 1 37: MAHABAD 1 37: MAHABAD 4 37: MAHABAD
1 38: MAKOO 1 38: MAKOO 1 38: MAKOO 4 38: MAKOO
1 39: MASHHAD 1 39: MASHHAD 1 39: MASHHAD 4 39: MASHHAD
2 40: MINAB 2 40: MINAB 3 40: MINAB 3 40: MINAB
1 41: NEHBANDA 1 41: NEHBANDA 1 41: NEHBANDA 1 41: NEHBANDA
3 42: NOUSHAHR 3 42: NOUSHAHR 4 42: NOUSHAHR 5 42: NOUSHAHR
1 43: OROOMIEH 1 43: OROOMIEH 1 43: OROOMIEH 4 43: OROOMIEH
3 44: RAMSAR 4 44: RAMSAR 5 44: RAMSAR 6 44: RAMSAR
3 45: RASHT 3 45: RASHT 4 45: RASHT 5 45: RASHT
1 46: SABZEVAR 1 46: SABZEVAR 1 46: SABZEVAR 4 46: SABZEVAR
1 47: SAGHEZ 1 47: SAGHEZ 1 47: SAGHEZ 4 47: SAGHEZ
1 48: SANANDA 1 48: SANANDA 1 48: SANANDA 4 48: SANANDA
1 49: SARAKHS 1 49: SARAKHS 1 49: SARAKHS 4 49: SARAKHS
1 50: SARAVAN 1 50: SARAVAN 1 50: SARAVAN 1 50: SARAVAN
1 51: SEMNAN 1 51: SEMNAN 1 51: SEMNAN 1 51: SEMNAN
1 52: SHAHRE K 1 52: SHAHRE K 1 52: SHAHRE K 4 52: SHAHRE K
1 53: SHAHROUD 1 53: SHAHROUD 1 53: SHAHROUD 4 53: SHAHROUD
1 54: SHARGH E 1 54: SHARGH E 1 54: SHARGH E 1 54: SHARGH E
1 55: SHIRAZ 1 55: SHIRAZ 1 55: SHIRAZ 1 55: SHIRAZ
1 56: SIRJAN 1 56: SIRJAN 1 56: SIRJAN 1 56: SIRJAN
1 57: TABASS 1 57: TABASS 1 57: TABASS 1 57: TABASS
1 58: TABRIZ 1 58: TABRIZ 1 58: TABRIZ 4 58: TABRIZ
1 59: TEHRAN M 1 59: TEHRAN M 1 59: TEHRAN M 4 59: TEHRAN M
1 60: TORBATE 1 60: TORBATE 1 60: TORBATE 4 60: TORBATE
1 61: YASOUJ 1 61: YASOUJ 2 61: YASOUJ 2 61: YASOUJ
1 62: YAZD 1 62: YAZD 1 62: YAZD 1 62: YAZD
1 63: ZABOL 1 63: ZABOL 1 63: ZABOL 1 63: ZABOL
1 64: ZAHEDAN 1 64: ZAHEDAN 1 64: ZAHEDAN 1 64: ZAHEDAN
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Extended Abstract

Introduction

Iran is a dry land with very low precipitation. Annual rainfall is less than a third of the average
rainfall worldwide. One of the ways of adjusting to drought in Iran, especially with agriculture
is the optimal and sustainable use of water resources. Precipitation, surface water and ground
water resources have to be used as efficiently as possible. This study would not be practical
without first taking into consideration the exact requirements of water for agricultural fields in
Iran. Knowledge on the evapotranspiration is very important in irrigation and drainage planning.
Evapotranspiration is one of the key components of the hydrologic cycle and its calculation is
important for a number of applications such as, the hydrologic balance of water, design and
management of irrigation systems, simulation of the amount of products and design, and
management of water resources.

Methodology

The key purpose of this research is to assess, modify and localise a potentially suitable
evaporation and transpiration model which can be implemented for Iran. The research
methodology focuses on three main parts:

1- Country clustering based on the climatological effect of evapotranspiration.

2- Testing the results of evapotranspiration using proposed relationships.

3- Modifying and localizing current evaporation and transpiration models with observed

data.

This research takes into account eight components, namely; average temperature difference,
minimum average maximum relative humidity, the frequency of occurrence of average wind
speeds above 5 knots per sec, the amounts of monthly rainfall, days with rainfall above 10 mm
and 5mm, a 25-year record (1980 to 2005) of 64 synoptical and climatological stations in Iran.
The purpose of selecting these components has been clustering the studied stations based on
effective parameters of evaporation and transpiration in order to after this stage exert for each
cluster equal modifying coefficients based on similarity of the stations in evapotranspiration
process.

Results and Discussion
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In this study, the findings suggest clustering the country into six main parts. Each cluster is
based on its geographical and climatic characteristics. The first cluster is the arid to semi-arid
regions of the central and south-east. In the first cluster the minimum evapotranspiration is 51
mm for January and the maximum 322 mm for July. The annual average evapotranspiration for
the first cluster is 2119 mm. The second cluster is wet and mountainous regions of the north and
west. In the second cluster, the minimum evapotranspiration is 21 mm for January and the
maximum, 272 mm for July. The annual average evapotranspiration for the second cluster is
1584 mm. The hot region of the southern coasts is the third cluster and in this cluster the
minimum evapotranspiration is 118 mm for January and the maximum evapotranspiration 265
mm for June. The annual average evapotranspiration (2291 mm) for the third cluster was found
to be the highest. The fourth cluster is cold and dry regions of the north-east to cold and wet
regions of the north-west. The minimum evapotranspiration for the fourth cluster is 14 mm for
January with a maximum of 283 mm for July. The annual average evapotranspiration for the
fourth cluster is 1596 mm ranking in third place amongst the other clusters. The fifth and sixth
cluster is a combination of the wet to very wet regions of the north coasts. In the fifth and sixth
cluster the minimum and maximum evapotranspiration is 28mm (for January) and 161 mm (for
July) respectively. The fifth and sixth cluster has the lowest annual average evapotranspiration
(1012 mm) of all the clusters. In future evapotranspiration amounts for base stations can be
calculated using proposed relations and the result can then be compared with the results of other
EAESe) GBS DErpBlait ¢l pif FEEWIE QNESE. 3¢ VedIpl YEleS golp 38882 9 Venp e
from the total average is calculated using Blaney Cridle's method which ranks first here with an
average of 0.69. The methods of Jensen-Haise, Thornth-Waite, and Hargrives-Samani rank
second to fourth respectively here. After selecting Blaney Cridle s model as the most suitable,
this model was then calibrated using empirical evaporation data from lysimeter.

Conclusion

Results from clustering Iran based on the evapotranspiration component shows that the annual
maximum of this component is allocated to the third cluster or hot regions of the southern
coasts. This maximum potential evapotranspiration is likely due to the low latitudinal location
S pig Vo pIESe oif SEEVOEVREBYEC SePui Big koS 7] Vgd aSoiglg YERSELSI 2 SEVEer
cluster 5 and 6 (wet to very wet regions of the north coasts) have jointly the lowest annual
average evapotranspiration amount. This low evapotranspiration amount is likely due to the
lower elevation (sea level) of cluster 5 and 6. In addition to the location of cluster 5 and 6 at
higher latitudes may account for the cluster having the lowest potential evapotranspiration when
compared with the other clusters. The result obtained from the correlation between the output
ugsE) ._YC_»s&S&cCradles AL s dotolf UEdE) SR STICSES o) I pa bl iy (SEeS cpddo
temperature, minimum relative humidity, mean wind speed, sunshine hours) reveal that
minimum relative humidity has the most effect in comparison with the other climatic factors in
the amount of potential evapotranspiration for clusters 3, 5 and 6. In clusters 1, 2 and 4, this
component was temperature showing more correlation with the values of potential
evapotranspiration. It is recommended utilizing normalized data in future to obtain more
appropriate correlations between climatic parameters with evapotranspiration.

Keywords: Potential Evapotranspiration, Empirical Data, Assessing and Synthesis, Clustring,
Iran.
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