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Abstract

In the face of growing water demand and insufficient public budgets in developing countries,

public-private partnerships play an important role in infrastructure development, such as water
supply and transmission. However, carrying out such projects always carries with it many and
varied risks that threaten the success of such projects. Due to the research gap on risk
identification and assessment in the context of public-private partnership water transfer projects,
the purpose of the present research is to identify and prioritize the risks in Safadasht public-
private partnership water transfer project. The first phase of the present research identifies the
risks of public-private partnership projects. At this stage of the research, through the
brainstorming method, an attempt was made to identify the risks related to the project under
study. In the second stage, three research criteria including "probability of occurrence", "cost
effect" and "time effect" were weighed using the best-worst method. The third stage, which was
the final stage of the research, was dedicated to prioritizing the risks identified in the first stage
using the simple additive weighting technique. Based on the analyzes performed, respectively,
changes in legal conditions and standards by the government, sudden changes in bank interest
rates, severe climate change, damage to the investor's manpower and improper performance of
the investor project factors were identified as the most important risks. Finally, while pointing
out the limitations of the research, some suggestions for future studies were presented.

Keywords: Risk, Public-Private Partnership, Best-Worst Method, Simple Additive Weighting,
Water Transfer Project.
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Holding brain storming with contributing experts in case study for identifing
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“cost effect” and “time effect” from the literature to
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Determining the weights of criteria using BWM technique

Prioritizing the risks of water transfer projects using SAW
technique

Providing the final
report and presenting
the findings

Fig. 1. General steps of conducting research
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Table 1. Consistency index

Apw 1 2 3 5 6 7 8 9
CO?ISES‘CY 0.00 0.44 1.00 1.63 2.30 3.00 3.73 4.47 5.23
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Table 2. List of project risks based on the results of brainstorming sessions

Row Symbol Risk title
1 R1 Delay in issuing approvals and permits by the government
2 R2 Lack of timely access of the investor to the required information and documents
3 R3 Occurrence of technical problems in investor equipment
4 R4 The inability of the investor to provide the required specialist workforce
5 RS Improper performance of investor project members
6 R6 Investor manpower injury
7 R7 Lack of timely financing of the investor
8 RS Sabotage by residents of the project area
9 R9 Unforeseen economic sanctions and special prohibitions
10 R10 Changing the rules and regulations related to the clearance of goods

Changing tax laws and regulations
Sudden change in the exchange rate and the fall in the value of the national currency

12 RI12

13 R13 Sudden change in bank interest rates

14 R14 Sudden change in inflation

15 R15 Force majeure

16 R16 Severe atmospheric changes

17 R17 Facing the opposition

18 R18 Change of legal conditions and standards by the government
19 R19 Change in terms of payments by the government

20 R20 Revenue lower than expected at the time of operation

21 R21 Nationalization and confiscation of investment by the government
22 R22 Changing macroeconomic policies

23 R23 Change of senior management of the public sector

24 R24 Change in operating regulations

25 R25 Legal disputes between the public and private sectors

26 R26 Suspension of work by the government

27 R27 Failure to deliver the land on time by the government

28 R28 Poor contract design

29 R29 Violation of the contract by the government

30 R30 Abuse of power by government officials
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Table 3. BWM weighting of indicators
Questionnaire Questionnaire Questionnaire Questionnaire Questionnaire Geometric
5 mean
wl 0.100 0.100 0.142 0.562 0.562 0.213969659
w2 0.640 0.600 0.628 0.312 0.125 0.39325214
w3 0.260 0.220 0.228 0.125 0.312 0.219421458

Yin et al., 2015, Rassouli et al., 2018, Rezaeenour and
Mousavi Saleh, 2017, Amiri et al., 2021)
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Table 4. Geometric average of risk scores in terms of risk probability index

\¥Y

Symbol Risk title Q1 Q2 Q3 Q4 Q5 Gel‘:l‘;‘:ltl“c
R1 Delay in issuing approvals and permits by the 4 5 ) 4 4 3.641128406
government
Lack of timel fthe i tor to th i
R2 . ack o .1me y access of the investor to the required ) 3 3 3 2 930156052
information and documents
Occurrence of technical problems in investor
R3 . 3 2 2 4 4 2.861938162
equipment
The inability of the i tor t ide th i
R4 © .ll’lé?bl ity of the investor to provide the required ) 3 4 4 4 3287503659
specialist workforce
RS Improper performance of investor project agents 2 2 4 4 4 3.031433133
R6 Investor manpower injury 2 1 2 2 2 1.741101127
R7 Lack of timely financing of the investor 4 3 3 3 3 3.177671523
RS Sabotage of residents of the project area 4 1 2 2 2 2
Unforeseen economic sanctions and special
R9 o 3 4 4 4 4 3.776350045
prohibitions
R10 Changing the rules and regulations related to the 3 3 ) ) ) 2352158045
clearance of goods
R11 Changing tax laws and regulations 2 2 4 4 4 3.031433133
RI2 Sudden change in tl.le exchange rate and the fall in 3 3 3 3 3 3
the value of the national currency
R13 Sudden change in bank interest rates 2 1 4 5 5 2.885399812
R14 Sudden change in inflation 3 2 4 5 5 3.594431819
R15 Force majeure 3 1 3 3 3 2.626527804
R16 Severe atmospheric changes 1 1 5 5 5 2.626527804
R17 Facing the opposition 4 2 3 3 3 2.930156052
hi f'legal conditi t ds by th
RIS Change of legal conditions and standards by the 3 4 ) ) ) 2 491461879
government
R19 Change in terms of payments by the government 4 5 5 5 5 4.781762499
R20 Reven}le lower than expected at the time of 3 4 5 5 5 4317359884
operation
Nationalizati fiscati fi
R21 ationalization and confiscation of investment by 5 ! 3 3 3 2 220643035
the government
R22 Changing macroeconomic policies 3 3 5 5 5 4.075965548
R23 Change of senior management of the public sector 4 4 4 4 4 4
R24 Change in operating regulations 3 3 3 5 5 3.680109614
R2S Legal disputes between the public and private 3 3 ) 4 4 3103691148
sectors
R26 Suspension of work by the government 3 3 5 5 5 4.075965548
R27 Failure to deliver the land on time by the 4 4 4 4 4 4
government
R28 Poor contract design 3 4 5 5 5 4.317359884
R29 Violation of the contract by the government 3 1 3 3 3 2.408224685
R30 Abuse of power by government officials 4 4 5 5 5 4.573050519
Journal of Water and Wastewater oMb g,;T o
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Table 5. Geometric average of risk scores in terms of time effect of risk on the project
G tri
Symbol Risk title QI Q2 Q3 Q4 Q5 comETHe
mean
R1 Delay in issuing approvals and permits by the 5 5 4 3 ) 3.504431819
government
Lack of timel f'the i tor to th i
R2 ’ ack o ’1me y access of the investor to the required ) 5 4 3 3 437543855
information and documents
R3 Occ.urrence of technical problems in investor 3 4 3 ) ) 2701920077
equipment
The inability of the i tor t ide th ired
R4 e ?nz?b1 ity of the investor to provide the require 3 5 4 3 3 3.519482029
specialist workforce
RS Improper performance of investor project agents 2 4 4 3 1 2.491461879
R6 Investor manpower injury 2 4 2 1 3 2.168943542
R7 Lack of timely financing of the investor 4 5 4 3 2 3.437543855
RS Sabotage of residents of the project area 4 4 4 3 4 3.776350045
RO Unfo're.s.%n economic sanctions and special 3 5 5 4 3 3.898059841
prohibitions
hanging the rul lati lated to th
RI10 Changing the rules and regulations related to the 3 3 4 3 ) 2 930156052
clearance of goods
R11 Changing tax laws and regulations 2 2 3 3 3 2.550849001
R12 Sudden change in t%le exchange rate and the fall in ) ) 5 5 5 3465724216
the value of the national currency
R13 Sudden change in bank interest rates 1 1 2 2 2 1.515716567
R14 Sudden change in inflation 1 2 4 4 4 2.639015822
R15 Force majeure 4 4 3 3 3 3.365865436
R16 Severe atmospheric changes 1 1 5 3 3 2.141127368
R17 Facing the opposition 5 1 4 2 2 2.402248868
h flegal iti d st th
RIS Change of legal conditions and standards by the 3 | 3 | | 1551845574
government
R19 Change in terms of payments by the government 3 1 4 2 2 2.168943542
R20 Reven}le lower than expected at the time of ) 1 4 3 3 5 359158045
operation
onalizati fiscation of i
R21 Nationalization and confiscation of investment by ) 4 4 4 4 3.482202253
the government
R22 Changing macroeconomic policies 2 4 3 3 3 2.930156052
R23 Change of senior management of the public sector 3 3 4 4 4 3.565204916
R24 Change in operating regulations 3 3 4 3 3 3.177671523
Legal di h li i
R2S egal disputes between the public and private ) 4 5 ) ) 2 759459323
sectors
R26 Suspension of work by the government 3 1 4 3 3 2.550849001
Failure to deliver the land on time by the
R27 5 1 3 3 3 2.667268608
government
R28 Poor contract design 3 4 3 3 3 3.177671523
R29 Violation of the contract by the government 2 1 4 4 4 2.639015822
R30 Abuse of power by government officials 4 4 3 3 3 3.365865436
Journal of Water and Wastewater NS 5 Ol dore
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Table 6. Geometric average of risk scores in terms of risk cost effect index on the project

\FF

G tri
Symbol Risk title QI Q2 Q3 Q4 Q5 comETHe
mean
R1 Delay in issuing approvals and permits by the 3 4 3 3 3 3177671523
government
Lack of timel f the investor to th ired
R2 . ack o .1meyaccesso e investor to the require 4 ) 5 5 5 3.981071706
information and documents
R3 Occ'urrence of technical problems in investor 3 3 4 4 4 3.565204916
equipment
The inability of the investor t ide th ired
R4 e.ma’lbl ity of the investor to provide the require ) 5 ) ) ) 2 402248868
specialist workforce
RS Improper performance of investor project agents 1 4 2 2 2 2
R6 Investor manpower injury 2 4 4 3 3 3.103691148
R7 Lack of timely financing of the investor 4 5 2 1 1 2.091279105
RS Sabotage of residents of the project area 2 4 3 2 2 2.491461879
RO Unfo're.s.%n economic sanctions and special ) 4 5 5 5 3.981071706
prohibitions
R10 Changing the rules and regulations related to the 3 3 3 3 3 3
clearance of goods
R11 Changing tax laws and regulations 2 2 2 2 4 2.29739671
R12 Sudden change in t%le exchange rate and the fall in ) 4 5 ) ) 2 759459323
the value of the national currency
R13 Sudden change in bank interest rates 2 2 4 4 3 2.861938162
R14 Sudden change in inflation 3 2 5 2 2 2.605171085
R15 Force majeure 4 3 3 3 1 2.550849001
R16 Severe atmospheric changes 1 1 3 3 3 1.933182045
R17 Facing the opposition 4 1 2 2 3 2.168943542
h flegal iti d st th
RIS Change of legal conditions and standards by the 3 | 4 4 4 2 861938162
government
R19 Change in terms of payments by the government 4 1 3 3 3 2.550849001
R20 Reven}le lower than expected at the time of 3 ! 3 3 3 5 408224685
operation
onalizati fiscation of i
R21 Nationalization and confiscation of investment by ) 4 4 3 3 3.103691148
the government
R22 Changing macroeconomic policies 2 2 1 1.741101127
R23 Change of senior management of the public sector 4 3 3 3.177671523
R24 Change in operating regulations 2 3 3 2.766323734
R25 Legal disputes between the public and private 5 3 4 4 4 3987503659
sectors
R26 Suspension of work by the government 3 1 3 3 3 2.408224685
Failure to deliver the land on time by the
R27 3 1 3 3 3 2.408224685
government
R28 Poor contract design 4 3 3 3 3.177671523
R29 Violation of the contract by the government 1 4 4 4 2.861938162
R30 Abuse of power by government officials 4 2 2 2 2.759459323
Journal of Water and Wastewater Ml 5 Ol dlre
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Table 7. Decision matrix

POR ETR ECR
Wj 0.258 0.476 0.265
R1 3.614 3.594 3.177
R2 2.930 3.437 3.981
R3 2.861 2.701 3.565
R4 3.287 3.519 2.420
RS 3.031 2.491 2.000
R6 1.741 2.168 3.103
R7 3.177 3.437 2.091
R8 2.000 3.776 2.491
R9 3.776 3.898 3.981
R10 2.352 2.930 3.000
R11 3.031 2.550 2.297
R12 3.000 3.465 2.759
R13 2.885 1.515 2.861
R14 3.594 2.639 2.605
R15 2.408 3.365 2.550
R16 2.626 2.141 1.933
R17 2.930 2.402 2.168
R18 2.491 1.551 2.861
R19 4.781 2.168 2.550
R20 4317 2.352 2.408
R21 2.220 3.482 3.103
R22 4.075 2.930 1.741
R23 4.000 3.565 3.177
R24 3.680 3.177 2.766
R25 3.103 2.759 3.287
R26 4.075 2.550 2.408
R27 4.000 2.667 2.408
R28 4317 3.177 3.177
R29 2.408 2.639 2.861
R30 4.573 3.365 2.759

1.741 1.515 1.741

Min POR Min ETR Min ECR

ool o Flo g 5ledla i -A Jpu

Table 8. Decision matrix normalization

POR ETR ECR
W] 0.258 0.476 0.265
R1 0.481737687 0.421535893 0.548001259
R2 0.594197952 0.440791388 0.437327305
R3 0.608528487 0.560903369 0.488359046
R4 0.529662306 0.430520034 0.719421488
RS 0.574397888 0.608189482 0.8705
R6 1 0.698800738 0.561069932
R7 0.548001259 0.440791388 0.832615973
R8 0.8705 0.40121822 0.698916098
R9 0.461069915 0.388660852 0.437327305
R10 0.740221088 0.517064846 0.580333333
R11 0.574397888 0.594117647 0.757945146
R12 0.580333333 0.437229437 0.631025734
R13 0.603466205 1 0.608528487
R14 0.484418475 0.574081091 0.668330134
R15 0.723006645 0.450222883 0.682745098
R16 0.662985529 0.707613265 0.90067253
R17 0.594197952 0.630724396 0.80304428
R18 0.698916098 0.976789168 0.608528487
R19 0.364149759 0.698800738 0.682745098
R20 0.403289321 0.644132653 0.723006645
R21 0.784234234 0.435094773 0.561069932
R22 0.427239264 0.517064846 1
R23 0.43525 0.424964937 0.548001259
R24 0.473097826 0.476864967 0.629428778
R25 0.561069932 0.549111997 0.529662306
R26 0.427239264 0.594117647 0.723006645
R27 0.43525 0.568053993 0.723006645
R28 0.403289321 0.476864967 0.548001259
R29 0.723006645 0.574081091 0.608528487
R30 0.38071288 0.450222883 0.631025734
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Fig. 2. Importance and priority of the risks based on three research criteria
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Table 9. Ranking of alternatives
POR ETR ECR Sum of lines
R1 0.124288323 0.2006511 0.145220334 0.470159742
R2 0.153303072 0.2098167 0.115891736 0.479011508
R3 0.15700035 0.26699 0.129415147 0.5534055
R4 0.136652875 0.2049275 0.190646694 0.532227105
RS 0.148194655 0.2894982 0.2306825 0.668375349
R6 0.258 0.3326292 0.148683532 0.739312683
R7 0.141384325 0.2098167 0.220643233 0.571844258
R8 0.224589 0.1909799 0.185212766 0.600781639
R9 0.118956038 0.1850026 0.115891736 0.419850339
R10 0.190977041 0.2461229 0.153788333 0.590888241
RI11 0.148194655 0.2828 0.200855464 0.631850119
R12 0.149726 0.2081212 0.167221819 0.525069032
R13 0.155694281 0.476 0.161260049 0.79295433
R14 0.124979967 0.2732626 0.177107486 0.575350052
R15 0.186535714 0.2143061 0.180927451 0.581769257
R16 0.171050267 0.3368239 0.23867822 0.746552401
R17 0.153303072 0.3002248 0.212806734 0.666334619
R18 0.180320353 0.4649516 0.161260049 0.806532046
R19 0.093950638 0.3326292 0.180927451 0.60750724
R20 0.104048645 0.3066071 0.191596761 0.602252549
R21 0.202332432 0.2071051 0.148683532 0.558121077
R22 0.11022773 0.2461229 0.265 0.621350597
R23 0.1122945 0.2022833 0.145220334 0.459798144
R24 0.122059239 0.2269877 0.166798626 0.51584559
R25 0.144756043 0.2613773 0.140360511 0.546493864
R26 0.11022773 0.2828 0.191596761 0.584624491
R27 0.1122945 0.2703937 0.191596761 0.574284962
R28 0.104048645 0.2269877 0.145220334 0.476256703
R29 0.186535714 0.2732626 0.161260049 0.621058363
R30 0.098223923 0.2143061 0.167221819 0.479751835
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Table 10. Risk prioritizing

Risk rating Risk Risk symbol Score
1 Change of legal conditions and standards by the government R18 0.8065
2 Sudden change in bank interest rates R13 0.7930
3 Severe atmospheric changes R16 0.7466
4 Investor manpower injury R6 0.7393
5 Improper performance of investor project agents RS 0.6684
6 Facing the opposition R17 0.6663
7 Changing tax laws and regulations R11 0.6319
8 Changing macroeconomic policies R22 0.6235
9 Violation of the contract by the government R29 0.6211
10 Change in terms of payments by the government R19 0.6075
11 Revenue lower than expected at the time of operation R20 0.6023
12 Sabotage of residents of the project area R8 0.6008
Changing the rules and regulations related to the clearance of
13 R10 0.5909
goods
14 Suspension of work by the government R26 0.5846
15 Force majeure R15 0.5818
16 Sudden change in inflation R14 0.5754
17 Failure to deliver the land on time by the government R27 0.5743
18 Lack of timely financing of the investor R7 0.5718
Nationalization and confiscation of investment by the
19 R21 0.5581
government
20 Occurrence of technical problems in investor equipment R3 0.5534
21 Legal disputes between the public and private sectors R25 0.5465
22 Inability of the investor to provide the required skilled labor R4 0.5322
Sudden change in the exchange rate and the fall in the value of
23 R12 0.5251
the national currency
24 Change in operating regulations R24 0.5158
25 Abuse of power by government officials R30 0.4798
Lack of timely access of the investor to the required information
26 R2 0.4790
and documents
27 Poor contract design R28 0.4763
28 Delay in issuing approvals and permits by the government R1 0.4702
29 Change of senior management of the public sector R23 0.4598
30 Unforeseen economic sanctions and special prohibitions R9 0.4199
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Fig. 3. Final priority of risks
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