Best-fit Statistical Distribution and Regionalization Techniques for Flood Frequency Analysis in Canada
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1. INTRODUCTION 3.4 MODIFIED ANDERSON-DARLING GOODNESS-OF-FIT TEST 4. TASK Il DELINEATE HOMOGENEOUS POOLING GROUP FOR
FI'FtIng annual maX|.mum floo.d series to a statistical dlstrlb.utlon in the form of flood frequer\cy analysis !s It measures the o}ifference betw.een t.he.empirical cumulative distribution function REGIONAL FLOOD FREQUENCY ANALYSIS
widely used to estimate design flood for large return period. The key to the success of this approach is (CDF) and the estimated cumulative distribution function. . . -
dependent on: i) the type of distribution being used, and ii) the lengths of the flood record. If the length of a * Empirical CDF is a step function that jump up 1/n at each of the n observational * Develop homogenou.s pooling group for each target site (186 target sites N tOt"‘fl)-
flood sample is relatively too short, regional flood frequency analysis could carry out in the form of index values. ’ H.om.oge.neous pc?olmg sroup: flood samples in the group have an identical
flood method with region of influence approach (Burn, 1990). * It is a modified version of Anderson-Darling test that emphasizes on measuring the distribution and differ o.nly in terms of a scale parameter. | S
discrepancies on the upper tail of the two CDFs which corresponding to flood * Use and compare 6 different approach to measure the distance of similarity
In Canada, there is no national flood estimation guideline to unify the procedures of flood quantile guantile of large return period. !oetween stations.
estimation, and thus, no agreement on which statistical distribution should be used and what most effective « The output is a test statistics value and is compared with critical values to decide . Flood seasonality (Burn, 1997) | |
regionalization technigue should be applied. whether the estimated distribution is “REJECT” or “DO NOT REJECT”. ii. Physiographic characteristics — selected by stepwise regression model:
BASIN_AREA, WatBody MeanSize, T_ AVG_BASIN, ELEV_STD, PPTAVG_BASIN
This project, under Theme 1-6: development of new flood estimation manual for Canada, aims to: 1 ‘. : ! :: K;g):tr;;tyaslsgf;zn Lr':L Li(t);\’lc?on (based on correlation coefficient)
Task i: Find the best-fit distribution for at-site flood frequency analysis in Canada; 2 ; g ; ' v hly 5€ PTECIp based It i
. . . , , = g8k A o 5 B Grev: CDF of fitted distribution v. Monthly average temperature (based on correlation coefficient)
Task ii: Investigate techniques to delineate homogeneous pooling groups for regional flood frequency e _ 5 : rey: Vi iV 4 v
analysis in Canadian climate. 2 ' :
2  DATA a Uor Blue: CDF of empirical distribution 4.2 PROCEDURES TO DEVELOP POOLING GROUP FOR EACH TARGET SITE
- - - - 2 - latively RMSE & BIAS ional esti
Annual maximum (AM) flow data obtained from Environment and Climate Change Canada (ECCC) Reference ® U9 Black bar: observational value Target site Use re at'V? Y | . t? dSSESS regiona estl.mate
Hydrometric Basin Network (RHBN) stations E ‘ by comparing with at-site estimate of the target site
= [:]E ..................................
223 stations for task i O The smaller gaps between the Calculate site distances to the . . _

Legend * Mean 47.5 year 0 1T B I i — two CDFs implies a stronger rest 185 sites Estimate regional flood quantile

223 RHBN STATIONS - -2 0 2 = .

AM Record Length (Year) e Max 103 year X goodness-of-fit

e * Min 8 year ) . ) Sites with closer distance Hosking & Wallis (1997) homogeneity test
. g Figure 3: Graphical illustration of the theory of MAD test : : )
= il enter the pooling group and revise heterogeneous pooling group

186 stations for task ii

3.5 HOSKING & WALLIS Z-TEST

s 4.3 PROCEDURES TO REVISE HETEROGENEOUS POOLING GROUP

S N * Measure distance between sample dot and distribution curve in the L-Skewness to
N o ONCx j . Initial - - .

A SEoHeYe s 2 < L-Kurtosis 2-D spaces. g Exclude the most heterogeneity site and include the
s e F S = 00 S & * Closer distance between the sample estimated dot and the distribution curve etelr.ogeneous next nearest member(s)
s o seowemen S atelenR e Sz implies a stronger goodness-of-fit. pooling sroup
T e e e o e 5 243 38 93 B8 &3 98 * Theoutputis Zvalue. -1.64 <Z <1.64 suggests adequate goodness-of-fit.
Figure 1: Locations of 223 hydrometric stations Figure 2: Frequency distribution of 223 0a= .
RHBNs record length Dot represents a sample If the new group improves
on homogeneity
3. TASK | — FIND THE BEST FIT DISTRIBUTION © "~ Curve represents a 3- YES

3.1 BACKGROUND: PROCEDURES FOR AT-SITE FLOOD FREQUENCY ANALYSIS parameter distribution

L—Kurtosis

The test simulates sampling A new group is formed

error by:

e Fitting sample to a 4-
parameter kappa
distribution

 Monte-Carlo experiment

Exclude the new member(s) and include
the next nearest site(s)

NO

Fit a parametric statistical Estimate flood quantile of

distribution specific return period
* L-moments method estimator e invCDF

* Moments method estimator * Flood frequency curve

Historical flood data
e Annual maximum
(AM)

Homogeneous pooling

If the new group
is homogeneous

3.2 METHODOLOGY TO ASSESS GOODNESS-OF-FIT VES group is developed

Candidate distributions: | B A
223 AM samples . Generalized logistic (GLO, UK default)

Generalized extreme value (GEV) Figure 4: Graphical illustration of the theory of Hosking & Wallis Z test 4.4 RESULT AND CONCLUSION OF TASK I
. Pearson type Ill (PE3) [MOM] * The key that effectively develops homogeneous pooling groups is less dependent on
: : C . . Log10 Pearson type Ill (LPE3, US default) 3.6 RESULT & CONCLUSION OF TASK | the characteristics used to measure flood similarity, but relies more on the
Fach sample fits the 4 candidate distributions i regionalization process; particularly the procedure to revise a heterogeneous pooling
individually and assess their goodness-of-fits e GEV has bettgr performance compared to other candidates. ’
Assessments: * No geographical pattern was found. sroup- o | o | |
i. Modified Anderson-Darling (MAD) test * General good agreement were found between MAD and Z tests. * All regionalization approaches yield similar performance in terms of relatively RMSE

& BIAS measures.
e 9 prairie stations could not form homogeneous pooling groups.

(Ahmad et al., 1988)

. . Table 1: Number of stations which their flood data are feasible to fit and adequate to fit
Hosking & Wallis (1997) Z-test

The distribution with the largest number of

adequate goodness-of-fit in 223 samples e . Annual Maximum Instantaneous Peak . _ . .
: T : Fitting feasibility 223 RHBN Stations in total 204 RHBN Stations in total Table 2: Percentage of homogeneous pooling group formed by each techniques in a total of 186 stations
vields the best-fit distribution.
Assessment GLO | GEV | PE3 |Logl0PE3| GLO | GEV | PE3 | Logl0 PE3 : Flood Physiographic . Monthly avg. | Monthly avg.| Monthly avg.
: o 1 L Techniques . . .. Proximity
Feasible to fit distribution 220 | 223 | 176 211 199 | 202 | 195 186 seasonality characteristics prec. temp. prec. + temp.
Adequate fitting by Z-Test at 0.1 168 | 194 | 197 | 184 | 153 | 175 | 150 161 H<1 94.1% 91.9% 87.1% 89.8% 87.6% 90.9%

. . . ACKNOWLEDGMENTS . . Fitting "Do not reject” by MAD test at 0.1 | 180 | 192 | 149 183 171 | 177 | 133 172
nis project is supported by the Natural Sciences and Engineering Research Council of Canada under Table 3: Relative RMSE & BIAS measures between regional & at-site estimate for 19 stations (AMs>90 year)

oodNet Project. Basin physiographic characteristics were provided by Erika Klyszejko (Environment and RMSE BIAS [%]
imate Change Canada). 3.3 FITTING FEASIBILITY LIMITED BY DISTRIBUTION BOUNDARY Flood Physiographic Proximity Monthly | Monthly [Monthly avg. Flood Physiographic Proximity Monthly | Monthly [Monthly avg.

RE F E RE N CES seasonality | characteristics avg. prec.| avg. temp. |prec. + temp.| seasonality |characteristics avg. prec.|avg. temp. prec. + temp.

o . . , - Example of GLO: _ 0.041 0.039 0.04 | 0.041 | 0.039 0.04 1.73 0.84 19 | 2.22 | 1.58 1.95
Ahmad, M. 1., Sinclair, C. D., & Spurr, B. D. (1988, August). Assessment of Flood Frequency Models Using Empirical Distribution Function Statistics. Water Resources Research, P Needs to be greater than O 0.077 0.07 0.063 | 0.071 | 0.068 0.075 59 1.27 523 T T - e

0.11 0.099 0.085 | 0.101 | 0.095 0.107 3.76 1.6 2.52 | 4.16 1.86 3.91

© 24(8), 1323-1328. CDF: F(x)=1/(1+e-y)
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