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Design Storm as Fundamental Study to Urban Rainfall Management
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Design Storm is the fundamental study of Urban Hydrology,
Including mainly two parts as below / % i1 % /iy 5& 35 T 7K SCH
HENEAELLTHATIH:

|._Probabilistic approach / #iZRi&&;

II. Hydrometeorologica! causal approach (Probable
Maximum Precipitation, PNiP) / /R XS ZRERZ (A B8
1 ZPNL IO AR
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|. Probabilistic approach / #fZRi&%

1) Estimation of precipitation quantiles / R MR THE KT E;

2) Uncertainties analysis of quantiles (confidence interval) / &

ETHERABE RS (BEXED ;

3) Temporal distribution of design storm / W& THERIB RS
, “l—sﬁﬂ”

4) Spatial distribution of design storm / 28 & T1HE 2 8] 5345 o




| ;‘ Gap between the existing frequency analysis and the
Innovated technique / REIATHRE S T SFHBARRIZFE

1. Existing (Il47) — Objective, limited info
FHYEHE, TG E AR

Conventional moments + (single site. one duration. fixed P-lll) + Goodness

of-fit by eyes /¥ + (B, BER. BB —P-I) +HEESR
(—R—ZMXER )

2. Innovated (HiHiAR) — Subjective. more info
EEHE, TP ERE R

L-moments + (regional. multi-duration. more plausible distributions)

+ Criteria /| &8 + GUXH. SRR, SRELBD +HENAINT
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Temporal distribution of design storm

4 R B B A ()

The temporal distribution of a rainstorm is ever-changing, however, we need a design pattern
of temporal distribution for calculation of rainfall-runoff during design stage / W IR 410

RTZTMN, BRI B B E — MR AMETH L3R -

1) There are three temporal patterns: Early rain-burst (positive skew), Middle rain-burst
(symmetric) , Late rain-burst (negative skew), with the Late being crucial or safer to
engineering design / =FifFE At BWIEERT QER) « F GIFO 5 (e
Y U M f S0 P IR BN AR TR % 4

2) For short duration such as 1~2-hr, an even temporal or the late rain-burst is suitable /

AP, 1-2/8NF, MU 50 g3 A Bl R UG i i [ 93 A o

3) The principal s that the design pattern selected makes the surface storm flow peak-
discharge maximum / 48— E N, 5245 7= A Kk 2 oK.

4> The most crucial patterp in practice is that the rainfall moves from upstream to
downstreain wu suicnarge the peak flow when the late burst pattern is being selected /




Spatial distribution of design storm
Z M A THER 2 B 240

a) The average areal rainfall amount decreases with increase of area
(Area reduction, AR) /[ I3 W & ff ARG Rk (M- R R) 5

b) High Risk Rainstorm Mapping (HRRM) / 25§ & X% X &l

Definition: Describe spatial distribution of the most intensive rainfall event in a
region at a given duration for a return period. /

EBX: MR —AHXA, E—ehr. —EME (BN BERI4HERW
R E] 4. (AHMRI, 2013; ICHE2016 to the international community)

HRRA indicates that flash floods will most likely to occur, such
hgh kae swllpo! ntially trigger ge ologcaldsa t and

*HRRM indicates that flash floods will most likely to occur, =~ c
such high risk areas will potentially trigger geological

hazards and / or urban waterlogging & flooding. Also, it is
|mportant to permeable pavement planning.
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¥  Unifying design-rainfall-standards between Water
Resources and Sponge City / 47\t R —4&4L

€

New
development

Principles: One set of “Flood design standard (¥ it#r#)”
different “Governing design regulations (¥ B5PriE)”

1. One set of standards covers five design regulations (—EREAERE) ;
a) LID (JELVEH) > 30% or 50% of 1-year event; (e
b) Municipal Drainage Pipelines (HE/KEE) - 1-y ~5-y events; events)
c) Urban waterlogging OGRTAEFIE) > 10-y ~ 20-y events; T ED
d) Urban inner river flood GBI WmHEE) > 30-y ~ 50-y events;

e) Urban flood control BT+ ¥EFEL) - 100-y ~ 200-y events.

2~ High Risk Rainstorm Mappinq guides spatial difference of the design
regulations (i i s A, ki F8-F BB Fr A L X 2 5) .




Web-based Platform of Precipitation Frequency Atlas &
High Risk Rainstorm Mapping of Xiamen
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http://ahmri_xiamen.jasperxu.com



http://ahmri_xiamen.jasperxu.com/

Platform screenshot 1: Homepage (Left side for function keys,
Right for display; ZIRIIGEX, AHARERX)
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Platform screenshot 2: Move mouse to any point inside study area
and click! A display window will pop-up showing the quantiles & confidence

intervals (dash lines, showing here for 6-hour; B3 FARENE— Haabit i — M LE
BREEMBRMIME, RRMLE, 8FFEENERGFXE)

(118.119085, 24.643684)

ARI(Year) 1Year 2Years 5Years
1 Hour 44.90 53.90 65.95

3 Hours 64.17 78.79 98.70

6 Hours 7797 96518 12249
12 Hours 9726 121.67 157.37

24 Hours 12233 15382 198.07
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Platform screenshot 3 : Spatial interpolation quantiles
centered at mouse point (for 3-hour & 25-year event) ; ERZFEKNIE
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Platform screenshot 4 : Analysis for historical storms
(I 2R AHT)
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' Platform screenshot 5 : High Risk Rainstorm Mapping (for 12-
hour & 50-year event) ; Z&m s XSG X Kl (BAL2/NE - 504 —1d A1)
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g Platform screenshot 6 : Prewarning platform of meteorological risks to
" storm hazard (Dynamically; the left shows the real-time rainfall accumulation, the

right shows the real-time spatial distribution of the levels of meteorological risks ) ;
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& 2~ Hydrometeorological causal approach

(Probable Maximum Precipitation|, PMP)
KRB g% (AT Re s KRR At 5)

o

Definition:

Probable maximum precipitation (PMP) is defined as the
greatest depth of precipitation for a given duration meteorologically
possible for a design watershed or a given storm area at a particular
location at a particular time of year, with no allowance made for long
-term climate trends. (WMO No.-1045, Manual on Estimation of PMP,
Geneva, 2009)

X

CEER AR (PMP) B30 —AEr i AN A, AR

RBRLEEZWHMR L, E—&iINBEASEZENX LR THEANE; X8,
FEREHENEHSDL. (HASZHLHI0455 HIRY), =/ “PMP {4
FM” , HAN. 20094)




PMP Estimation Methodoloay
-- International Practice

In general, mainly two types of approaches in design practice of PMP studies: I.
Hydrometeorological (HYDROME) & II. Statistical (STAT)

4 2\
[(I-a) Moisture maximization 7KJ5JBCK Maximum 12-hr persisting dew point (HYDROME)
\ J
( 4 N\
| (I-b) Storm transposition &N # & Storm Separation + Adjustments (HYDROME)
L \ Y,
( 4 N\
(I-c) Use of D-A-D curves B[ -[H-i& 2 | Envelopment (HYDROME)
_ \ J
4 4 N\
(11) Statistical approach % it4di % Modified frequency analysis (STAT)

\ \ /




s PRGSO bRERTT (PRRAE) -- (2)

2. KX G HBHEER: TR KFERNMEE (PMP)

s, (SDOIF Method)
2 7 (I B 3 98 R 1)

Main method S’[nrm tranenncitinn
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difficult is ST in mountze For a storm rainfall, the rainfall intensity for a given point P(x,y) in a
drainage at any time can be defined by

" +1988--) *1995--) +2009
Wt EWi4rE (Sto 106, Y,0) = 10 Y, x (X, Y1) ISt s
Hence, the area-averaged rainfall R for the whole drainage area of A
BEW (Convercg during the period of is given below:

HEW (Orograp

J[ (e y)deay [ toa () i x )y ZZ%M (%0 ¥ x Fu (%, v, Ydxcly

At A J‘J‘ dxdy “‘ dxdy - ZZAquyJ
i

FHAWMOZ T 214 (1988-2009) J5# Rata = {ZZ%M CRDEIMENT )}
SERFIXATT1R? BAERA B 7 i ] mxn

. XBLRBFEKIL. XFIAR. ALK . R |

TREHZRIRA. HERELHRE! =JAUEBE

r(X,Y)

eqn. (1)  LERIE

L (X Y)



B ERN24-hrEHELE

Latitude (DEG)

120.0

Morakot Storm
24hr Maximum Precipitation (CWB)

1. 583mm / 24-hr
«2.372mm / 48-hr
«2.682mm / 72-hr

120.5 121.0 1215 122.0
Longitude (DEG)




Moisture Flux_ of Morakot Storm Ehi m/KIK#%E

Development of the SDOIF for the Target Area
* Major Moisture Flux during Morakot (left, Guo Lin)

700

Power Spectrum of the WNPSM Index (right)
(After Chi—Cherng Hong, Taipei Municipal University of Education, Taipei, Taiwan)
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E|evaﬁ0n Map ,24. hoyr -vOr‘ographic !nte_nsifica}ion Faptors (WR‘A)V

Stations with red square VAN S S S - }
are used for r0 calculation.
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Morakot Storm Morakot Storm
24hr Maximum Precipitation (CWB) 24 hour - Convergence Precipitation (CWB)

[ ——

24 hr Maximum : 24 hr Maximum
1583.5 mm ‘ 856.3 mm ﬂ

) Ahlishan mountain’s contribution to
Molakot rainfall is about 45%

Latitude (DEG)
Latitude (DEG)

- BT B 1Ly S S B 6 R B )3
s AE FIA F 45%

120.0 120.5 121.0 121.5
Longitude (DEG)

Before
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Stations used for OIF map

Stations with red square are used for rO calculation.

!Songmushan

@Shivan

Westerly moisturg
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BEFE: m_mmmmmn
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(5kmx5km)
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N Convert the Convergence into gridded #¥Ri{tESNTE
« Convert the convergence component of Morakot into a gridded frame like the
gridded SDOIF # KRB S 2E (5kmx5km)
« Then cut-off the center piece to match the HK area size £EH:0rH) F — B4
T VS TE AR 1 A% B 2R
Morakot Storm
4 hour - Convergence Precipitation (CWB)
2
a
% I:-ﬂl::;]g{.:‘::: .?._B.Iﬁz..‘:
120.6 1208
Longitude (DEG)
_ " L 4-hr sub-mesh as example
showing here is for the 4-hr Morakot pattern at
resolution of Skmx5km
Page 25 Fle). 40 Usirzition of sUEif sto=esi of gonvere|anes gzltie)
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24 hour - PMP Estimates

E-W convergence component
orientation superposed on OIF
grids at different center points

(Peak «t Lantau)
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123 [12s0l1 21 |
113.9 114.0 1141
Longitude (Deg

(Peak at Tai Mo Shan)
Elef, 4l Oflantilor of trzirisgosac convarcerca oziiarr) (1)
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EXBEN BenR) BELHAEE
Approach:

Orientation)of Superimposed Convergence Component onto OIF Grids

, the generalised convergence component can be superimposed on
for each cell

each OIF grid cell of Hong Kong to generate an individual PMP estimate
*Generalized convergence component with different orientations

*Qverlap on one of the cells

*Orographic Intensification factors

*Then repeat the process for each individual cell

N
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> "% HRRA indicates that flash floods will most likely to occur, such
high risk areas will potentially trigger geological disaster and

“Three Maps” Flash Flood 1
Prewarning System >

(ZHRELBHERS)

“The three maps”

1) Static High Risk Flash Floo ____
Mapping B2 H Lt 2 B RS X R &

(scientific map to describe the nature; £} 23t &)

2) Dynamically, critical bankful flow runoff

map HAHIEATRMEREE

(water deficit map; /K&

3) Dynamically, critical satellite-radar

rainfall map ZhASKEE-FAlGAFENEE

(oncoming water map; K/KED

ll| After HRC, CA, USA



=~iFHECloud
computation

(CPU. GPU)
- ~FERE Cloud _

“BHHR EEZM, v “HETED/LE! 7
Clouds flying in the blue , N Horse running under the
sky, F \ = clouds

{Q‘/I %4
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Expert system learning
REBDT  _ N — » ATHERE-Al
B D Analysis RS d
- WEBEE . BREHHE F - deep
US Je£itath e ; learning
. Training & testing J A EAE brain
. N data modeling




Hydrome Big Data Analysis & Visualized Flash
Flood Hazard Pre-warning System — “Three Maps”

Al (phasesin terms
of difficulties)

4) Expert role -)Deep.earninq (accurate forecst)=> Risk analysis=> Auto decision making

What will

3) happen in thé
future? (bankfu

runoff map; sate-
Why and How | radar rainfall map)

@IRM did it happen?
(HRFFRM)

S+US
(synoptic.
infall

What happened

S9N in the past?
Chistorical rainfall
data; RLA)

downstream-
video. audio.

~ . (S-data) _ _ _ . v _Ricture) _ _ _ _1
Ser ({615 Stages
dea;ri]g;]ng Pre-warning forecast Sfek emaliETs Decision
'- making
S — Structured When use this original, please indicate the source. Thanks! --LBZ

US -- Unstructured
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®Y  Three key issues or difficulties = KH
(in BD analysis & Al)

1. Lack of massive historical data -- to answer “What happened
in the past?” [ k=i E T RERRE “BERETHA? 7

2. Lack or mathematical models -- to answer “Why and how
did it happen?” [ = IE#ECE ALK B N4 LRI &R
AR (B 7 7

3. Lack of expert system in first class — The fundamental key to

success building aright Al module. / 8= —R KL R RS K&
BN TH R, XRZOHI—3F.
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N New discipline — Dataology (##E2%)
Data Science (B #EF}3#) P‘Og‘amfﬂmg
et

-- To adopting scientific methods to data
investigation; FR}E R T EHE

\merd‘sd’ -- The achievements on data investigation feedback

. a0
9o advance science ; JUEBFRMRRILKBIFILRRE  vedl

5 Wl
1) The upper end of the PDF does not

divergence but convergence; i B3 55 B bR ¥ L smiie gk

: : : . oefind
2) Separate a mountainous rainfall into two o~ eﬂg\“%f%@(
components, convergence rain and orographic rain. d\sd\\)““e'
X &l

Hydrome-dataology KX REIEZE




The End

Thank you for your time.
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