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1. INTRODUCTION

Rationale
» Unpredictable extreme events increase

year by year
* Heavy rainfall in Hanoi, 2008
* Heavy rainfall in Quang Ninh, 2015
* Heavy rainfall in Ho Chi Minh city,
2016
=> Causing flooding, damaging significantly
socio-economy.



1. INTRODUCTION

Rationale

How to adapt to natural disaster like heavy rainfall?

» Anticipating partly the frequency and intensity of extreme
rainfall events in the future

» Enhancing infrastructure

» New planning and management

=> Rainfall Intensity - Duration - Frequency curve is a
conducive tool



1. INTRODUCTION

The goal of this research: To examine the impact of
climate change on rainfall IDF (intensity-duration-
frequency) for Ho Chi Minh city (HCMC(C), Vietnam.

2 required objectives:

»To downscale rainfall from regional climate model
outputs.

> to construct rainfall IDF curves for current as well as
future periods.
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1. INTRODUCTION

What is Rainfall Intensity - Duration - Frequency

relationship?
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Le Minh Nhat, 2008
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Expresses the relationship
of rainfall intensity in
several durations for
several return periods.

A conducive representative
for extreme rainfall in short
duration over an urban
area.

Required for design of
sewer, drainage to serve
urban planning and
management.



1. INTRODUCTION

Research Area: Ho Chi Minh city (HCMC)
» Biggest city of Vietnam, lies on the Mekong River delta.

» Climatology:
* Annual mean temperature: 26,5 - 27,5°C, the highest
temperature is about 28 - 29°C and the lowest

temperature is 24 - 26°C.

* Annual rainfall is from 1600 mm to 2000 mm, rainy
season from May to October, the highest rainfall occurs in
August, September and October. During the rainy season,
there are 4-6 months whose rainfall is above
200mm/month and the dry season has 4-5 months whose
rainfall is below 50mm/month.



2. DATA AND METHOD

Information on RCMs

RCM Organization | Driving GCMs Resolut?on, Vertical
Domain level

30 km,
clWRF NCAAR%\I\/IV(;ER ESL, 1. NorESM1-M 3,5+27°N and 27
r 97,5+116°F
1. CNRM-CM5 25 km,
PRECIS Hadley, UK 2.GFDL-CM3 6,5:25°Nand 19
3. HadGEM2-ES 99,5+115°E
1. ACCESS1-0
2. CCSM4
10 km,
4 | CCAM  CSIRO, Australia 3. CNRM-CM5 0\ and 27
4.GFDL-CM3 "0 " o
5. MPI-ESM-LR
6. NorESM1-M

20 km,
RegCM NCAR, USA 21'1\?51«(1:3]3581\/511:1(\)4 6,5:30°Nand 18
' 99,5+119,5°E




2. DATA AND METHOD

Observation data

» Daily rainfall at Tan Son Hoa station, used for bias correction

» Rainfall in short duration (15 min, 30 min, 45 min, 1 hr, 1.5 hr; 2
hr, 3 hr, 6 hr and 12 hr), used for construction of rainfall IDF

relationship for current climate.



2. DATA AND METHOD

Quantile - Mapping method for bias removal
(Ines 2006, Pinai 2009, Winai 2013, Mishra 2014, ect.)

1

» Wet day frequency correction °*

by cut off several very small

rainfall value.

» Fitting Gamma distribution,
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a and f are shape and scale parameters,
respectively which are estimated from

mean and standard deviation.



2. DATA AND METHOD

Quantile - Mapping method for bias removal

For frequency correction: The cut-off threshold is estimated by:

Threshold = Fg_;.n(Fop—0ps(0.1mm))

Bias correction for baseline:

x;;ase Fops [Fbase (xRCMbase)]

Bias correction for future period:

™ obs |F put(epue)|
F ™ base | F pur(epyo)

* —
Xfut = Xfut *



2. DATA AND METHOD

Rainfall IDF construction

» For IDF under current climate: Using rainfall in short duration
(15’ 30’ 60’ ... 1440")
» Fitting gumbel distribution to extreme rainfall for frequency

analysis .
F, (i) = exp (—exp <— ! ”d)>

04

Taking logarit for both 2 sites of equation for 2 times

e e )

Where: u,; and o4 are gummbel location and scale parameter, I is
rainfall intensity in a given duration, F is quantile and T is return period



2. DATA AND METHOD

Rainfall IDF construction

» From daily bias-corrected model simulation and projection, We use
scaling property to temporally downscale daily rainfall into shorter
duration

d\ " Menabde (1999), Le Minh Nhat (2008), Van
Ia=\3) Ip  ThanhVan Nguyen (2011), ect.

Where: D is the duration we have, d is expected duration, I is
rainfall intensity and 7 is scaling exponent

» Combine this theory with Gumbel distribution

Hg —Og * (ln <—ln (1 — %))) pq = (d/D) "up
o4 = (d/D) op

I(d,T) = qn

The scaling exponent 1 is estimated from method of moment



2. DATA AND METHOD

Ensemble percentiles

» There are many uncertainty sources inside the model as well as from the
outside. Therefore, it is indispensable to consider several situations and
state of climate in the future with different RCMs and under some GHG
Concentration scenarios.

» To synthesize the ensemble simulations, this study is following the
approach used in the UK Climate Projections report (Murphy et al. 2009)

* The most likely case: This case is obtained by calculating the 50th
percentile of all IDF projection members. The 50th percentile is used
here to represent the central value of the distribution, indicating that
half of the members are less than or equal to it

¢ High impact case: This case is the 75th percentile of all IDF
projection members. The 75th percentile is to indicate very likely to
be less than or very unlikely to be greater than



2. DATA AND METHOD

Summarizing all procedures:

1.

Interpolating daily rainfall from grid to station using bi-linear
interpolation

. Applying bias correction technique
. Constructing rainfall IDF under current climate using short

duration observation

Constructing rainfall IDF under current and future climate using
bias-corrected daily rainfall from model simulations and
projections

. Calculating the change of rainfall intensity between future and

current climate from model results.

. Applying these changes to rainfall IDF from observation =>

rainfall IDF in the future
Doing Ensemble of all model projected IDE



3. RESULTS AND DISCUSSION

Rainfall IDF from short duration observation

» For 100-years return period

2500 Rainfall IDF curves at TanSonHoa station for current climate (RP): Average rainfall

o7 Years intensity in 15 minutes is

= 2000 =+=3 Years 222mm/hour has never

E 150.0 Torid Yenrs been observed in 46 years of
%100.0 "':z f‘:;r"; observation.

E o 100veas | » For 25-years RP: 15 minutes

= 500 rain fall intensity s

0.0 | . | . 1 o — 191.5mm/hour. This event

0 3 6 ? puration (hours) 18 21 24 occurred 1 time in 2000.

» For 2-years RT: Occurred 25
times in period of 1971-
2016.

| 15 | 30" | 45 | 60' | 90" | 2h | 3h | 6h | 12h | 24h_
130.0 100.7 85.2 70.9 51.5 40.0 283 142 71 4.0
154.6 121.8 102.4 86.7 64.3 50.2 357 179 89 4.9
170.9 135.7 113.8 97.1 72.7 569 406 20.3 10.2 5.4
191.5 153.2 128.2 110.4 83.4 654 468 234 11.7 6.2
206.8 166.3 138.9 120.2 91.3 71.7 514 257 128 6.7
222.0 179.2 149.5 129.9 99.2 78.0 559 28.0 14.0 7.3




3. RESULTS AND DISCUSSION

Most likely case, in the middle of century
(2046-2065)

Rainfall IDF at TanSonHoa station from Ensemble 50th Percentile for period 2046-2065

300.0 =o=2 Years . . .
0 iSEs== » Increasing in all durations
E 200'0 ~»-10 Years and return periods.

B0 —#=25Years » The increase of longer
g T AT return periods is higher than
% 100.0 ~o=100-Years .
= 500 shorter return periods.

0.0

0 3 6 9 12 15 18 21 24
Duration (hours)

|15 [30° [ 45 | 60" | 90' | 2h | 3h | 6h | 12h | 24h_

11.0 123 152 218 239 252 262 287 294 299
212 220 272 344 366 370 369 450 38.0 36.7

Change of
rainfall IDF 264 271 336 415 435 434 425 487 399 36.2
(%) 32.0 322 404 485 50.4 498 48.7 544 425 382

357 354 445 52.7 544 537 523 575 441 377
388 381 481 564 580 57.7 558 60.6 455 40.1




3. RESULTS AND DISCUSSION

Most likely case, in the end of century
(2080-2099)

Rainfall IDF at TanSonHoa station from Ensemble 50th Percentile for period 2080-2099

400.0

-2Y . . .

_350.0 3 == > Increasing in all durations
= 300.0 - —o=5Years .

2 2500 1 S and return periods.

2000 ‘4 vears: | » Comparison with the middle
2 1500 1oL Years of century: Greater increase
& . .

E 100.0 1 T in most of duarions and

50.0 -
0.0

return periods.

12 15 18 21 24
Duration (hours)

|15 [ 3045 | 60" | 90' | 2h | 3h | 6h | 12h | 24h_

154 19.2 235 305 31.0 30.7 296 436 43.6 47.2
26.1 282 320 379 381 376 355 500 49.1 57.1

o
w -
=)
o

Change of
rainfall IDF 33.7 323 360 415 415 40.0 378 524 531 582
(%) 436 41.0 46.2 521 503 48.0 435 544 552 64.1

49.5 46.0 52.7 583 57.0 542 494 558 572 66.0
546 501 57.7 639 620 596 538 568 578 69.0




3. RESULTS AND DISCUSSION

Higher impact case, in the middle of century
(2046-2065)

Rainfall IDF at TanSonHoa station from Ensemble 75th Percentile for period 2046-2065

—=o=2 Years . . .
g 5000 e —— » Increasing in all durations
£ 400.0 4 ~==10Years and return periods.
Z300.0 A% ===25Years. | 3 The change for the middle of
£ 200.0 R\ AT century are mostly in the
< L =0=100 Years
= range of 38% and 141%.

12 15 18 21 24
Duration (hours)

|15 130" 45 | 60" | 90' | 2h | 3h | 6h | 12h | 24h_

90.2 755 702 733 663 612 540 404 418 385
112.0 940 915 953 876 809 711 47.7 52.7 53.6

=]
W -
=2
b=

Change of
rainfall IDF 1219 102.7 102.3 105.7 974 90.7 795 558 624 609
(%) 131.3 111.3 1125 1155 107.1 99.7 87.2 63.8 719 742

137.3 116.0 118.6 121.8 113.3 1049 921 689 775 79.0
141.6 1198 123.0 127.0 117.7 1094 968 728 81.6 859




3. RESULTS AND DISCUSSION

Higher impact case, in the end of century
(2080-2099)

‘00 Rainfall IDF at TanSonHoa station from Ensemble 75th Percentile for period 2080-2099 > Comparison Wlth the mlddle
400.0 —==2 Years of century: Lower increase
£ 350.0 - Shears — in shorter duarions and
E 300.0 - \ ~%~10Years . ) 1
£2500 e greater 1ncrease 1n longer
% iggg RS van durations.
£ 1000 B —-100Yearsy | » The changes for the end of
500 - century are mainly ranging
*0 0 3 6 9 12 15 18 21 24 from 28% to 105%.
Duration (hours)
[ a0 [av [ o0 (o0 [zn [ an | en izl 2
31.7 279 28,0 344 36.7 388 406 715 711 68.2
489 451 515 595 618 628 61.7 913 81.1 78.1
Change of
rainfall IDF 558 530 610 701 720 721 715 964 855 77.4
(%) 626 594 694 790 806 81.1 79.1 101.3 868 819

659 633 739 834 859 851 838 1039 89.0 823
689 659 779 877 898 89.2 863 1057 884 849




4, CONCLUSION

» The results suggest that intensities of rainfall extreme events
versus various durations with different return periods are all likely
to increase over time in comparison with baseline period: [11,
60]% in 2050s, and [15, 69]% in 2090s under most likely case; and

38, 141]% in 2050s, and [28, 105]% in 2090s under high impact
case.

» Such a consistent increase, implying that intense rainfall events are

likely to occur more frequently in the future under climate change.

» This results are important for the design and construction of

different hydrological structures in water management in Ho Chi
Minh City
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