oyl of pole wlibss
Iran-Water Resources
Research
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in the Uncertainty Analysis of Water Supply
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Abstract

The purpose of the research is to calculate the performance
indexes of water supply system based on perspective of
classical and fuzzy probabilities using three-different fuzzy
membership function under climate scenarios in baseline
period (1977-2001) and future (2015-2040) in the Marun
Basin. First, the effects of climate change on temperature and
precipitation were estimated for the period of 2015-2040 using
climate models of the fifth report of the International Panel on
Climate Change (IPCC) under RCP 2.6, RCP 4.5 and RCP 8.5
scenarios. For the same period, ANN were used to determine
the changes in inflow to reservoir and the irrigation water
requirements were determined using Cropwat. Then, the water
supply system was modeled with WEAP, the goal of which
was to maximize the water delivered to the points of need
based on the defined conditions. The crisp and fuzzy water
supply system performance indexes were then calculated.
Results showed that under RCP 2.6, RCP 4.5 and RCP 8.5
scenarios, temperature will increase by 19, 20, 21%, and
precipitation will decrease by 5% and increase by 14 and 15%,
respectively. Future irrigation water requirements will increase
relative to baseline, while inflow to the reservoir will decrease
under RCP 2.6 and RCP 4.5 and increase under RCP 8.5. Also,
the results showed that (1) the resiliency and vulnerability in
the fuzzy environment with Gaussian and exponential fuzzy
membership functions increases compared to the crisp
environment, and (2) the choice of the type of fuzzy
membership function is very important in extracting the results
and so the fuzzy membership functions with fuzzy core
perform very well in water resource management problems.
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Fig. 1- The flowchart of the present study
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climate model.

#The range of changes for the correlation coefficient varies between 0%
and 100%, the closer to 100%, it indicates the optimal performance of the

Mean absolute error

) MAE = 2 lag-am| «The range of changes for the mean absolute error varies between 0% and
100%, the closer to 100%, it indicates the optimal performance of the
climate model

os Root mean square error .
(3) RMSE = (Z{ll (as- am)2> «The range of changes for the r_oo_t mean square er_ror varies between 0%
n and 100%, the closer to 100%, it indicates the optimal performance of the
climate model
Nash-Sutcliffe efficiency
(@) NSE—1- > (ap-ag)? =The range of changes of the NSE coefficient is between -co and 1, and

2 (an-a,)?
model.

the closer its value is to 1, the better the performance of the climate

am = The observed value of the climate variable in the baseline time period, &,, = The average value of the
observed climate variable in the baseline period, as = Simulated climate variable for the future time period,
d, = The average value of the simulated climate variable for the future time period, n = Number of months
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Table 3- Change factor values for temperature and precipitation variables in different climate scenarios
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RCP 2.6 scenario RCP 4.5 scenario RCP 8.5 scenario

Month AP AT AP AT AP AT
January 0.82 4.21 1.08 3.54 1.17 3.99
February 0.76 4.58 0.76 4.56 +0.97 5.10
March 0.89 4.88 1.18 4.33 1.05 5.17
April 1.42 5.26 1.45 5.25 1.25 5.63
May 0.99 4.96 1.26 5.05 1.81 4,92
June 1 5.21 1.63 5.74 1.13 5.42
July 0 5.40 0 5.57 0 5.60
August 0.33 5.58 0 5.32 1 5.56
September 5.33 5.35 4.67 5.49 4.67 5.95
October 1.1 5.01 1.25 4.60 1.63 5.25
November 1.56 3.74 1.27 4.09 1.06 4.79
December 0.84 3.85 0.75 3.70 0.77 4.42

o3k, calises (glaolo j3 Lod Wlyus L9 &S A o i ¥ SUs
ab oloj o3l 3 bod s g Balate (VoNOYF4) Sloj
Sled yioli8l laols plod 50 Lod ¢ osdBl (clags )l don jo sl
RCP 4 RCP 4.5 RCP 2.6 slag,lus cov a5 (g sbas cdl
ceov by zgl bl dnled iol38l loyd YY 5 Ve N i yay 8.5
(Ve Va-Y+¥+) Sloj ojb ;o RCP 4.5 5 RCP 2.6 (slag,luw
el &5 (Y95 ol 5> (535 0le 93 il (Sloj (Sloj 4 o

Wl

Ol ol bod (6651 5l glite o)l il ypuss (6o Y S sallas
il aalss aldl auldl clagy b dan cod iyl 4 L
03l & Casuns RCP 2.6 _aglil g9 ks 5 ¢ jiyls ool yuiie
o8l oy jluw cod Lol il daled jialS wopd & 4l Jb;
2l walgs sl 403 10 5 VF 504 RCP 8.5 s RCP 4.5
g JB 3 (VNOV¥Fe) Gl ojly p3 () Sloj @jsd e
cod e ol )3l Sloj ojk > Sk gl 1t
laols ;3 (54 RCP 8.5 5 RCP 4.5 RCP 2.6 slagy s
Ol oel8l sl ey g8 Sl g Anls o 5 298 g
Y game 6l 53,90 O Hlade plas alisee (ola yiso Lo
e Glan W5 3809 S5 Ghik Shed Jddar iyslis
M1 des e s 1 e (a8l ol Jlodas g Lod ol

RPYIRVAIES

Sonlw dw p Cod ()b o Jolo dlnde & Joio Bl
ol ke aiseS g yuolipw olo ,> RCP 8.5 4 RCP 4.5 RCP 2.6
Cot dod yu Jolo didin a3 o &y yao Hlade b (oY olo
Coliw ot wunsST slo ;> BO/OA Hlaie L RCP 2.6 (¢ )l
LRCP 8.5 (g9 )l ¢ 5 s¥g5 olo 3 0/OV L 1y RCP 4.5
Sl s polio F Jodo 13083 0 &y prolivw olo 40 O/A0 Hlade
odi 03,9l MIROC5 g GFDL-CM3 _osl (slaJao (slbs

!

Table 4- Error coefficient for climate models
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Error Unit GFDL-CM3 MIROC5
r % 99.6 74.9
MAE (mm/°C) 2.1 7.6
RMSE (mm/°C) 2.1 10.8
NS  dimensionless 0.96 0.54
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Fig. 3- Long-term climate scenarios in the future time interval for the climate variable (a) temperature
and (b) precipitation
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Fig. 5- Results of (a) Reservoir inflow, (b) Water demand
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Table 5- Water supply system performance indexes in different time intervals in crisp environment (%0)
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Time interval

Index Baseline time RCP 2.6 scenario RCP 4.5 scenario RCP 8.5 scenario
Time reliability 73 63 66 67
Resilience 35 24 28 29
Vulnerability 7 10 11 12
Sustainability 57 24 26 27
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Table 6- Water supply system performance indexes in different time intervals in fuzzy environment (%)
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Membership Time interval
function Index Baseline RCP 2.6 scenario RCP 4.5 scenario RCP 8.5 scenario

Time reliability 73 63 66 67

Gaussian Resilience 61 77 58 53
Vulnerability 15 23 20 15

Time reliability 73 63 66 67

exponential Resilience 69 86 61 55
Vulnerability 3 12 14 10
Time reliability 99 100 99 100

sigmoid Resilience 1 1 1 2
Vulnerability 40 43 41 42
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1- Evidential Reasoning

2- Water Sustainability Index

3- Combined Reliability-Vulnerability Index
4- Robustness Index

5- Variability

6- Adaptive Neuro-Fuzzy Inference Systems
7- Fuzzy Data Clustering

8- Grid Partition

9- Subtractive Clustering

10- Artificial Neural Networks

11- Water Evaluation and Planning

12- Mean Absolute Error

13- Root Mean Square Error

14- Nash-Sutcliffe

15- Feed-Forward Back Propagation

16- Error Propagation

17- United Nations’ Food and Agricultural Organization
18- FAO-Penman—Monteith

19- Variable Agricultural Demand

20- Stockholm Environment Institute

21- Standard Operation Procedure
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