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Article Info ABSTRACT
Article type: The primary goal of an Environmental Impact Assessment (EIA) is to
Research Article establish baseline environmental conditions, evaluate the potential impacts

of a project’s activities, apply corrective measures to address deficiencies,
and reassess conditions after these measures are implemented. This
environmental auditing cycle—assessment, corrective action, verification,

Article history: and re-auditing—must be executed with accuracy and logical coherence to

Received 2 October 2025 ensure effective mitigation strategies. The Varamin Irrigation and Drainage
Received in revised form Project was examined from multiple perspectives using three assessment
24 December 2025 tools: the conventional ICOLD matrix, the modified ICOLD matrix, and the
Accepted 30 January 2026 Leopold matrix. Findings indicate that each approach offers distinct

methodological advantages, and their integration yields a more
comprehensive evaluation. The conventional ICOLD matrix delivers a rapid,
general overview of environmental impacts, particularly during the
construction phase, serving as an initial decision-support framework. The
modified ICOLD matrix, adapted for greater precision and regional
relevance, identifies more detailed and cumulative impacts, enabling both
qualitative and quantitative analysis. The Leopold matrix provides a
multidimensional framework that systematically links project activities such
as canal and drain construction or operational stages to environmental
components including water resources, soil quality, ecosystems, and local
communities. Through its structured cause-and-effect analysis, it facilitates
prioritization of key environmental concerns. By combining these three
methodologies, decision-makers gain a holistic understanding of
environmental trade-offs, making it possible to minimize adverse outcomes
while enhancing project benefits. This integrated approach ensures that
environmental considerations are embedded in planning and management
processes, leading to more sustainable project outcomes in the Varamin
region.
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Figure 1. Location of the case study
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Table 1. Average Positive and Negative Environmental Impacts of the Project Based on the Leopold Matrix

Negative Impacts Average Rating Range Positive Impacts Average Rating Range

Destructive or Very Severe _ _ Excellent or Very Good
Negative Consequences Sto—4.1 Positive Consequences +5to +4.1
Severe, Bad, or Destructive e ..
Negative Consequences 4 to —3.1 Good P051t1v§ (Fonsequences +4 to +3.1
Ié/[oderate Negative 3t0-2.1 Moderate Positive 310 42.1

onsequences Consequences
Weak Negative Consequences —2to—1.1 Weak Positive Consequences +2 to +1.1
Negligible Negative _ Negligible Positive
Consequences 1t00 Consequences +1t00
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Table 2. Symbols and Abbreviations Applied in the Assessment Using the Conventional ICOLD Matrix

E D C B A Environmental
Effect Specificity Time of Occurrence Effect Continuity Effect Certainty Effect Intensity Effect
Certain © .
Project Implementation (Y) Sh_ort—term O Temporary (T) Probable (P) ngh Q) Favorable Effect (+)
. . Medium term (M) Medium (2)
No-Option Scenario (N) L Permanent (P) Improbable (I) Unfavorable Effect (—)
ong-term (L) . Low (1)
Uncertain (N)
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Table 3. Symbols and Coefficient Values Used for the Assessment in the Modified ICOLD Matrix

QD 5 -
= -3 -] 2 = -3
= —_ e = —_ & = —_ e

D QD D
2 2 2 [ = ] 2 Il 5] E 2 =
— - N - o At - - Nt
k=] = =] 13} = < £ 131 k=] = =] 13}
7 > < 15} 7 > ] D 7 > 3
g » ) . 3 \ ) ) S 2 ) 2.
&} £ Q £ O £
I Ll o

1 Short-term 1 1 Certain C
0.7 Temporary T

Duration of 125 Medium-term M Time of Impact 05 Probable P Certainty
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Table 4. Findings of the Modified ICOLD Matrix during the Construction Phase

- Effects on the Physical Effects on the Natural Effects on the Socio-Economic
> E §> Environment Environment Environment
E é § Number Result Number Result Number Result
S g =
2 6 : ) K 1) i ) @ ) o o @ o i
: . § £ & £ & & € £ % g £ 2 £
2 & E %2 2 i z g z i z g z g
E = =~ Z. =~ zZ =~ Z. =~ zZ =~ Z. =~ z
1 0 4 0 0 0 6
CIT 07 2 0 4 0 8.40 1 0 1.40 0 4 2 5.60 7.00
3 0 0 0 0 0 0
1 0 0 0 1 0 0
CIP 15 2 0 1 0 3.00 0 0 0 1.50 2 0 6.00 0
3 0 0 0 0 0 0
1 0 0 0 0 0 0
CLP 225 2 0 0 0 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0
1 0 0 0 0 0 0
CLT 105 2 0 0 0 0 2 0 0 4.20 0 0 0 0
3 0 0 0 0 0 0
1 0 6 0 4 4 0
MIT 035 2 0 0 0 2.10 0 0 0 1.40 0 1 1.40 0.70
3 0 0 0 0 0 0
1 0 0 0 3 1 0
MIP 075 2 0 0 0 0 0 0 0 225 0 1 0.75 1.50
3 0 0 0 0 0 0
1 0 0 0 0 3 0
MLP 125 2 0 0 0 0 0 0 0 0 0 0 3.75 0
3 0 0 0 0 0 0
1 0 2 0 0 0 0
MLT 052 2 0 0 0 1.04 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0
Total - 0 17 0 14.54 2 22 1.40 9.35 14 10 17.50 9.20
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Table 5. Outcomes of the Modified ICOLD Matrix Assessment in the Operation Phase

- Effects on the Physical Effects on the Natural Effects on the Socio-Economic
- 5 Z Environment Environment Environment
§ é E Number Result Number Result Number Result
= 2 <
o= =) =
EF 0 F : P o2 2 : : O 2
1 0 9 770 0 2 140 12 0 9.80 0.00
CIT 0.7 2 0 1 0.00 0 0 0.00 1 0
3 0 0 0 0 0 0
1 0 2 18.00 1 0 0 0 21.00 3.00
CIpP 1.5 2 1 2 300 4 3 1350 9.00 3 1
3 0 2 0 0 2 0
1 2 1 225 4 2 1350 4 3 11.25
CLP 295 ) s 0 31.50 0 ) 15.75 6 | 69.75
3 1 0 1 0 5 0
1 0 0 0.00 0 0 0 0
CLT 1.05 2 0 0 00/0 0 0 0.00 0.00 0 0 0.00 0.00
3 0 0 0 0 0 0
1 0 2 0.70 0 0 5 0 1.75
MIT 0.35 2 0 0 0.00 0 0 0.00 0.00 0 0 0.00
3 0 0 0 0 0 0
1 0 0 0.00 0 0 1 0 0.75
MIP 0.75 2 0 0 0.00 0 0 0.00 0.00 0 0 0.00
3 0 0 0 0 0 0
1 0 2 1.50 0 4 5.00 0 4 0.00 5.00
MLP 1.25 2 1 0 375 1 0 2:50 0 0
3 0 0 0 0 0 0
1 0 0 0.00 0 0 0 0 0.00 0.00
MLT 0.52 2 0 0 0.00 0 0 0.00 0.00 0 0
3 0 0 0 0 0 0
Total - - 10 21 3825 30.15 10 13 31.75 2890 39 9 103.05  25.19

(W93 i ko) Tob sl 45 .Y .Y

O‘.-] 5 ol e calisie dl)’.’;-l 2 u_ilm.}l sedlas u“'““")l“‘-"“’ Ql)_‘}'\ u—?‘:’.})‘ d‘)—? LS LS)‘}-!‘ Ajp—’yﬂ u»..{)SLo
Oiy lp 0ab S G ple (F) Jgdo Sledd (sw)p 039 n (Sod lae g Sleble (isu gleedl isu
A3 o i 1y (638 e — Sleis b



vo Olyl5od 3 191559 o po / e g p0 VoS Ly plo ) 03l b it 5 5y bl (50550 (e j Lo S )

Table 6. Leopold Matrix for the Physical Environment in the Construction Phase

Construction Fuel supply Construction Total
Environmental parameter of access and §t(‘)rage Transportation \jVaste of concrete activi
P drillin; P disposal . ty
roads ng P structures  points
machines

Climate and microclimate -4 -10 3 -1 -2 -14
Water quantity of Band-e Ali Khan Wetland 9 1 7 -7 4 14
Water quality of Bande Ali Khan Wetland 4 1 2 7 2 12
Quantity of Water in the Shour River 0 6 10 1 -10 7
Quality of Water in the Shour River -3 -1 9 -9 -4 -26
Groundwater quality 10 5 9 -1 2 21
Groundwater quantity -4 4 4 -7 -10 -13
Flood 8 4 -4 3 1 12
Sedimentation of the Shour River 0 8 1 5 -3 11
Sedimentation of Band-e Ali Khan Wetland 0 1 -3 4 0 2
The self-purification capacity of Shour River 10 9 4 -3 8 28
The self-purification capacity of Band-e Ali Khan r 8 8 3 6 14
Wetland
Morphology of the Shour River -3 -6 3 -3 -3 -12
Landform -8 8 6 10 -8 8
Soil erosion 10 -4 -7 5 -8 -4
Soil quality -9 10 7 2 -10 0
Air quality 1 2 -3 7 -6 -3
Sound quality -5 -4 -7 4 -1 -13
Biodiversity -9 7 9 10 -4 -5
Natural landscape 10 -7 -5 2 2 2
Total points 10 22 -22 41 -52 16
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Table 7. Leopold Matrix for the Natural Environment in the Construction Phase
Construction Supply and Construction
storage of . Waste
Parameter of access iy Transportation . of concrete
fuel for drilling disposal
roads . structures
machines
Crop cover -4 -3 -1 -2 1
Rangeland vegetation cover 9 -8 5 -4 -3
Vegetation cover of Band-e Ali Khan Wetland 4 10 4 7 4
Vegetation of the Shour River 0 -9 4 -7 -8
Mammal diversity and density -3 1 8 3 3
Bird diversity and density 10 -5 1 7 6
Diversity and Density of Amphibians -4 -9 9 2 -7
Diversity and density of reptiles 8 10 -8 10 7
Insect diversity and density 0 -10 -6 -9 -3
Diversity and Density of Aquatic Species 0 1 8 9 -7
Threatened plant species 10 1 -4 4 -9

Sum of activity effects 30 -21 20 16 -16
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Table 8. Leopold Matrix for the Socio-Economic Environment in the Construction Phase

Construction Supply and Construction
. Waste Sum of
Parameter of access storage of fuel for Transportation . of concrete
o . disposal parameters
roads drilling machines structures
Population growth -4 10 7 -7 7 -10 3
Preventing rural migration 9 -10 -7 -9 4 -6 -19
Human health 4 1 3 -5 10 -1 12
Livestock health 0 1 7 -1 2 -4 5
Plant health -3 6 2 -7 -2 -2 -10
Wildlife health 8 4 9 -9 -10 -3 -1
Accidents and safety 0 8 -4 -7 2 -9 -14
Land value 10 1 1 3 -10 -10 -5
Land Ownership -7 9 -3 5 1 5 10
Land use -3 -8 4 4 -3 -6 -12
Agriculture and Animal Husbandry 10 8 3 3 8 1 33
Public facilities and equipment -9 -4 6 -3 6 -3 -7
Commerce, services and industry 1 10 -7 10 -3 -8 3
Infrastructure facilities -5 -2 7 5 -8 -10 -13
Total activities 11 34 24 -18 0 -66 -15
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Table 9. Leopold Matrix for the Physical Environment in the Operation Phase

28 =
=] =R £ 8
Eg 2 $Z % 3 g E g
55 ¢ E£f £ 25 F g4 £
= e « £ g g £ 2 E
. T < $£ & T ¢ %3 =
Environmental parameters = 5 ° ® 3 > = o) 88 5
S = & E g 2 s k£ £ =
%5 g &0 = o8 £ S8 3
& = = =S o g = > = @ S
£ & g g s s g & s < S
== a s s = 23 = = =
a £z & s
& £ =
=
Climate and microclimate -9 -5 9 3 1 -8 -9 -18
Water quantity of Band-e¢ Ali Khan Wetland 4 9 -9 3 2 -3 4 10
Water quality of Band-e Ali Khan Wetland 9 1 0 -4 -1 -9 10 6
Quantity of Water in the Shour River 6 -8 2 -3 3 7 4 11
Quality of Water in the Shour River -6 -6 9 8 3 3 8 19
Groundwater quality -10 10 4 2 2 -1 0 7
Groundwater quantity 6 2 9 0 -8 3 2 14
Flood 1 4 -7 5 9 -6 -3 3
Sedimentation of the Shour River -10 -10 8 1 -5 8 -7 -15
Sedimentation of Band-e Ali Khan Wetland 3 -10 5 -9 -3 1 -4 -17
The self-purification capacity of Shour River 4 7 -3 -8 1 -5 1 -3
The self-purification capacity of Band Ali Khan Wetland -6 5 10 -1 1 8 1 18
Shour river Morphology -6 -6 9 -3 3 6 8 11
Shape of the Land 10 -4 -10 10 -2 2 -9 -3
Soil erosion -2 -4 -7 -3 7 7 -7 -9
Soil quality 0 5 -4 -4 4 -5 0 -4
Air quality 6 8 -9 3 4 9 9 30
Sound quality 4 -7 -10 3 -5 8 8 1
Total activities 4 -9 6 3 16 25 16 61
Table 10. Leopold Matrix for the Natural Environment in the Operation Phase
» ) »
P -g on = @ g 13} @
17} z @ -
T3 3EE E g & £ 23
- = = Q — < » = = =
°x = PER £ s ol =<
Parameter w5 @ =} o =] 5 R
] 50 o0 5 F = 2.2 £ &=
= < =° = o= @ =
S &b £ g o= = S 5 E.=
g < s = £ <= k] § =
SE & £ 8 gz =g = 2
& & &=
Crop cover 3 3 0 0 0 0 0
Rangeland vegetation cover 2 2 0 0 -1 0
Vegetation cover of Band Ali Khan Wetland 2 2 0 0 2 0
Vegetation of the Shour River 2 2 0 0 2 0
Mammal diversity and density 1 1 0 0 -1 0
Bird diversity and density 1 1 0 0 -1 0
Diversity and density of amphibians -1 -1 0 0 -2 0
Diversity and density of reptiles 1 1 0 0 -2 0
Insect diversity and density 1 1 0 0 2 0
Diversity and density of aquatic animals 0 0 0 0 -2 0
Threatened plant species 2 2 0 0 -1 0
Total activities 14 14 0 0 -13 0
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Table 11. Leopold Matrix for the Socio-Economic Environment in the Operation Phase

I .E en s w @ é @
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Population growth 0 0 2 -2 -9 5 4
Preventing rural migration -7 4 -6 5 5 -7 6
Human health -9 -1 5 0 1 4 0
Livestock health -1 -9 5 1 4 3 3
Plant health -10 -6 5 5 -7 -7 -20
Wildlife health -7 3 -8 -2 3 2 9
Accidents and safety 1 5 5 -6 4 -4 5
Land value 3 2 3 -8 -9 0 9
Land ownership 1 5 -5 2 -9 -5 -15
Land use -5 -9 -2 2 -1 1 -14
Agriculture and animal husbandry -7 -2 -10 0 -1 -8 -28
Public facilities and equipment -9 3 5 -6 -9 -6 =22
Commerce, services and industry 2 -6 0 -7 -7 -9 =27
Infrastructure and infrastructure facilities 5 -5 4 5 -5 -10 -6

Total activities -43 -16 3 -15 -40 -41 -152
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1. Environmental impact assessments (EIA)
2. International Committee on Large Dam (ICOLD)
3. Modified ICOLD Matrix
4. Leopold Matrix
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