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Abstract

Due to global warming and the occurrence of climate change
and its effect on meteorological variables, especially rainfall,
which is a key parameter in urban infrastructure design and
water resources management, studies in this area are very
important. It is now possible to predict future rainfall using the
output of climate change models; this is however accompanied
by many problems including lack of easy access, being large
scale and the need for spatial and temporal micro scaling,
increasing error, and imposing risk to urban flood management
structures. Therefore, the application of a weather generator
model with the ability of climatic models in simulating future
precipitation using observational and recorded data has been
considered in this research. In the present study, the non-
parametric K-NN WG model was used which produces data
outside the observational range by using two mechanisms of
shuffling and perturbing. In this model, observational short-
term precipitation data of Mehrabad station with a time
duration of 10 minutes to 3 hours were used to predict short-
term precipitation in the future. The results were compared
with the output of the PRECIS regional climate model for the
years 2070-2100 under emission scenarios A2 and B2. The
results showed an increase in the intensity of future
precipitation compared to the present time and moreover
proved the capability of the WG model used in the study
compared to the output of the PRECIS regional model. These
results were evaluated using appropriate statistical tests.
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Fig. 1- Location of the Mehrabad synoptic station- Tehran (adopted from: Akhtari et al., 2007)
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Table 1- Ranking goodness of fit for different pdfs for the 10-minute rainfall
g Vo 0,L glaodls gl Bl (il (o285 SR igesl (e - Jgsa

Kolmogorov Anderson .
Distribution Smirgnov Darling Chi-Squared
Statistic Rank  Statistic  Rank Statistic Rank

Gen. Extreme Value 0.12053 1 1.9392 1 23.224 1
Pearson 5 0.12702 3 3.7229 3 30.866 2
Pearson 5 (3P) 0.12702 2 3.7229 2 30.866 3
Lognormal 0.14864 5 4.8356 5 31.903 4
Lognormal (3P) 0.14863 4 4.8355 4 31.903 5
Gamma 0.21123 6 8.8509 6 36.475 6
Gamma (3P) 0.25842 8 11.915 7 49.497 7
Normal 0.28164 9 18.868 9 121.23 8
Gumbel Max 0.23977 7 13.444 8 161.57 9

Gumbel Min 0.35136 10 39.703 10 N/A

Table 2- Factors for converting simulated daily rainfall by PRECIS to short-duration rainfall
©00ligS 5Laeglas 4 PRECIS Juwo diljg) (9,1 Jidd calpd =Y Jgoa

Duration (min) 10 20

30

40 50 60 90 120 180

Change Factor

02 03 04 05 05 05 06

0.7 07
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10min-A2 Modified

Anderson-Darling Normality Test

10min-B2 Modified

Anderson-Darling Normality Test
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10min-BASE Modified

Anderson-Darling Normality Test

A-Squared 227 A-Squared 2.44 A-Squared 2.25
P-Value <0.005 P-Value <0.005 P-Value <0.005
Mean 0.28407 Mean 0.29097 Mean 0.26538
StDev 0.10532 StDev 0.11248 StDev 0.09385
Variance 0.01109 Variance 0.01265 Variance 0.00881
Skewness 0.841042 Skewness 0.74216 Skewness 1.38133
Kurtosis -0.756328 Kurtosis -1.07270 Kurtosis 1.29523
N 29 N 29 N 29
Minimum 0.18481 Minimum 0.18481 Minimum 0.18586
1st Quartile 0.19754 1st Quartile 0.19754 1st Quartile 0.19491
Median 0.22433 Median 0.22433 Median 0.21473
3rd Quartile 0.38882 3rd Quartile  0.40106 3rd Quartile 0.31456
Maximum 0.52728 Maximum 0.52728 Maximum 0.54445
959% Confidence Interval for Mean 95% Confidence Interval for Mean 95% Confidence Interval for Mean
0.24401 0.32414 0.24819 0.33375 0.22968 0.30108
95% Confidence Interval for Median 95% Confidence Interval for Median 95% Confidence Interval for Median
0.21306 0.34915 0.21306 0.38138 0.20267 0.28730
95% Confidence Interval for StDev 95% Confidence Interval for StDev 95% Confidence Interval for StDev
0.08358 0.14244 0.08926 0.15212 0.07448 0.12693
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1Hr-A2 Modified 1Hr-B2 Modified 1Hr-BASE Modified

Anderson-Darling Normality Test Anderson-Darling Normality Test Anderson-Darling Normality Test
A-Squared 0.47 A-Squared 0.43 A-Squared 0.46
P-Value 0.220 P-Value 0.274 P-Value 0.232
Mean 2.3466 Mean 2.4799 Mean 2.3579
StDev 0.8793 StDev 0.8149 StDev 0.8071
Variance 0.7731 Variance 0.6640 Variance 0.6515
Skewness 0.23553 Skewness 0.195275 Skewness 0.12029
Kurtosis -1.13727 Kurtosis -0.369922 Kurtosis -1.31951
N 19 N 19 N 19
Minimum 1.1734 Minimum 1.3287 Minimum 1.2000
1st Quartile 1.4053 1st Quartile 1.6577 1st Quartile 1.6000
Median 2.5453 Median 2.6248 Median 2.4000
3rd Quartile 3.0050 3rd Quartile 3.0364 3rd Quartile 3.2000
Maximum 3.9640 Maximum 4.2810 Maximum 3.8000

959% Confidence Interval for Mean 0505 Confidence Interval for Mean 95% Confidence Interval for Mean
1.9228 2.7704 2.0871 2.8727 1.9689 2.7469

959% Confidence Interval for Median 959 Confidence Interval for Median 95% Confidence Interval for Median
1.5643 2.9262 1.7942 2.9589 1.6000 3.0272

95% Confidence Interval for StDev 95% Confidence Interval for StDev 95% Confidence Interval for StDev
0.6644 1.3003 0.6157 1.2051 0.6099 1.1936

3Hr-A2 Modified 3Hr-B2 Modified 3Hr-BASE Modified

Anderson-Darling Normality Test Anderson-Darling Normality Test Anderson-Darling Normality Test
A-Squared 10.35 A-Squared 10.17 A-Squared 10.18
P-Value <0.005 P-Value <0.005 P-Value <0.005
Mean 5.9146 Mean 5.9959 Mean 5.9954
StDev 2.1462 StDev 2.3932 StDev 2.0337
Variance 4.6063 Variance 5.7272 Variance 4.1360
Skewness 1.52425 Skewness 1.32339 Skewness 1.73256
Kurtosis 1.27573 Kurtosis 0.42361 Kurtosis 2.12974
N 109 N 109 N 109
Minimum 3.2694 Minimum 3.4655 Minimum 3.8000
1st Quartile 4.5256 1st Quartile 4.4546 1st Quartile 4.8000
Median 5.2878 Median 5.2564 Median 5.6000
drd Quartile  5.8025 3rd Quartile  5.8482 3rd Quartile 6.0000
Maximum 12.6783 Maximum 12.5391 Maximum 11.8000

95% Confidence Interval for Mean 95% Confidence Interval for Mean 95% Confidence Interval for Mean
5.5072 6.3221 5.5416 6.4503 5.6093 6.3815

95% Confidence Interval for Median 95% Confidence Interval for Median 959 Confidence Interval for Median
5.1840 5.4366 4.9872 5.4190 5.2000 5.8000

9504 Confidence Interval for StDev 95% Confidence Interval for StDev 0504 Confidence Interval for StDev

1.8942 24762 21121 2.7611 1.7949 2.3464

Fig. 2- Statistical evaluation of perturbed observed and simulated data by PRECIS
PRECIS Juao b ouwd (g jlwamwi g 48l piga (Jlaalie godld bl o, -Y JSS
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Fig. 3- ECDF of perturbed observed and simulated data by PRECIS
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Table 3- Values of T and F test statistics for K-NN WG model outputs
KNNWG Jao so29ys sl F o T ogosl gWolol palio ¥ Jgor

K-NN WG
Station Test statistics T-Test F-Test
P (mm) T-value P-value F-value P-value
Base modified
against A2 -0.71 0.478
p-10 min Ba?e":]';ﬁ‘fjie . 0.47 0.627
against B2 -0.94 0.351
modified
Base modified
against A2 0.04 0.967
MehrAbad p-L Hr _ [nodified_ 0.15 0.862
against B2 -0.46 0.646
modified
Base modified
against A2 0.29 0.776
modified
p-3 Hr Base modified 0.05 0.952
against B2 -0.00 0.999
modified
Table 4- Values of Mann-Whitney test statistics for K-NN WG model outputs
K-NNWG Jao s 955 50 g —cpo 3903] s bl 130 —F Jous
Station K-NN WG
MehrAbad Test statistics Mann- Whitney Test
P (mm)
W-value P-value
0-10 min Base modified against A2 modified 808 0.465
Base modified against B2 modified 800 0.392
p-1 Hr Base modified against A2 modified 376 0.884
Base modified against B2 modified 360 0.770
p-3 Hr Base modified against A2 modified 12742 0.083
Base modified against B2 modified 12579 0.167

PRECIS Jao buwgi 00f Cowits IDF i duung lio Y-V
K-NN WG Jw U
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Table 5- Depth of rainfall in base period for different return periods
((1anlin) aly (gbrosls (ol cilides (SBCUES 5L 8495 (5132 )1 Bos -0 Jgia

Depth (mm)
. . Return Period (years)
Duration (min) 2 5 10 20 50 100
10 29 4.8 6.3 8 104 12.6
20 3.8 6.4 8.8 11.7 16.6 215
30 4.9 7.9 105 134 18.2 22.5
40 55 8.7 11.3 143 19 23.1
50 5.6 8.8 11.6 14.8 19.9 24.8
60 6 9 11.7 15 20.4 255
90 7.9 11 133 15.8 19.2 22.1
120 9.3 12.6 14.8 16.9 19.8 219
180 115 15.7 18.3 20.7 23.7 25.8
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Fig. 5- IDF curves for base modified period Fig. 4- IDF curves for base period
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Fig. 8- Difference in the rainfall intensity between: (a) PRECIS Model A2 modified and base modified- (b)
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