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* On dry weather all works perfectly
* On wet weather... it depends!

— Normally, long-duration light rains are drained
in time by urban sewers and do not pose a threat

— Extreme rainfall events can overwhelm the
capacity of drainage systems causing

— This is known as urban flooding

Introduction

Dry Weather

Qutfall pipe
to river

backup through sewer pipes, toilets and sinks into

buildings
overflow from water bodies such as rivers and lakes
seepage through building walls and floors

accumulation of water on properties

Qutfall pipe
1o river
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Drainage systems are not always adequate

...they can fail!
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How can I be prepared to this?

* Monitoring, prediction and prevention!
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Objectives of this study

* Predict urban flooding events using radar data

* After clutter removal and other cleaning operations,
radar 1s using a traditional climatological Z-R relation
to estimate rainfall intensity

— QGives average results on the whole territory

— It 1s not so accurate for small zones

* We are going to optimize data for a specific study
area, to obtain better evaluations and, maybe, accurate
forecasts

— Comparing information with ground measurements given by a dense
rain gauges network

* to improve its accuracy

* to reduce uncertainties and biases

— Test case based on some rainfall events (both convective and
advective) on the metropolitan area of Turin (Piedmont, NW Italy)

— Analysis on hourly rain data

—  Work in progress
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Study area
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Weather radars

Two GPM 250 C-band polarimetric Doppler

radar are in the neighborhood

— Mount Settepani (Liguria region, Italy),

1387 m a.s.l.

— Bric della Croce (Piedmont region, Italy),

736 m a.s.l.

UTKY (m)

Part of the surveillance network of the

National Civil Protection

Operated by the Regional Agencies for
Environment Protection (ARPA) of Piedmont

and Liguria
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Rain gauges network

Dense network of different tipping bucket rain
gauges, owned by a single organization

— More than 350 gauges in a 25.000 Km?
territory

— 35 of them 1n the 3.800 Km?2 of the
neighborhood of the metropolitan area of
Turin

Part of the surveillance network of the
National Civil Protection

Used by the Regional Agency for
Environment Protection (ARPA) of Piedmont
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/ "; High spatial resolution

4 / ‘but estimated data
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Many other factors like
d updraft, composition of
clouds, drops size...
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Approach

We need a low time-consuming R
algorithm if we want to do II»
predictions in near-real time

KEEP IT SIMPLE, STUPID
SIMPLE&STUPI

- .---.._I 1
-"'."-'l-' q_.-__-' = B |E '“‘-.,_.._ _'..'.". EE =

Everything should be made as simple as
possible, but not simpler

— Albert Einstein

Perfection is achieved, not when there 1s
nothing more to add, but when there is
nothing left to take away

— Antoine de Saint-Exupéry
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How we proceed?

A typical IT approach for complex topics

Problem analysis
Data analysis

Divide et impera

Always remember:

So, three main phases:

Kriging

optimization

— forecasting/nowcasting

(early stage/future work)
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Radar data
1s “similar” to
gauge data?

Event is

caught

by a “sufficient”
number of
gauges?

N

Do Kriging

Do optimization

Do forecasting




Why Krzgmg could be necessary7

i e — Example: extreme rainfall event
2 . U N near Turin on 2014-07-08
I : ' 0  Event caught by a single rain
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What Kri gm g says. :
.. and not only Kriging

= Radar-kriging (mm,h) ‘}
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(In)coherency between radar and gauges data
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Rainfall event on Piedmont, 2014-07-28
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So, why optimization?
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Optimization algorithm definition

%@Q & %\QQ(L @ %\GQ% ?

OldEval :=0 Data  :=Bias_Corr(Data) Data  := Angular_Corr(Data)
OldData := Data NewEval := Eval_Indexes(Data) NewEval := Eval_Indexes(Data)
Data :=ME _Corr(Data) =

NewEval := Eval Indexes(Data)

Data := OldData

OldData := Data
OldEval := NewEval Data := OldData

OldData := Data
OldEval := NewEval Data := OldData @

19/44
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Algorithm explaination

OldEval =0

OldData := Data
Data  := ME_Corr(Data)
NewEval := Eval Indexes(Data)

START -
i Initialization

Data := Bias_Corr(Data)
NewEval := Eval Indexes(Data)

Data

:= Angular_Corr(Data)
NewEval := Eval Indexes(Data)

OldData := Data
OldEval := NewEval Data := OldData

OldData := Data
OldEval := NewEval Data := OldData

20/ 44
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Algorithm explaination

OldEval :=0 Data  :=Bias Corr(Data) Data = Angular_Corr(Data)
OldData :=Data NewEval := Eval Indexes(Data) NewEval := Eval_Indexes(Data)
~Data  :=ME_Corr(Data) =

NewEval := Eval_Indexes(Data)

Compute ME-corrected data

Data := OldData

OldData := Data
OldEval := NewEval Data := OldData

OldData := Data
OldEval := NewEval Data := OldData @
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Algorithm explaination

OldEval =0
OldData := Data

Data  :=ME Corr(Data)

Data := Bias_Corr(Data)
NewEval := Eval Indexes(Data)

OldData := Data
OldEval := NewEval

“NewEval := Eval Indexes(Data) | -

Generate indexes for new
data and evaluate them

OldData := Data
OldEval ;= NewEval

Data := Angular_Corr(Data)
NewEval := Eval Indexes(Data)

Data := OldData

Data := OldData
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Data := OldData

In gentla Reglenale
o mbie le
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Algorithm explaination

OldEval =0
OldData := Data

Data :=ME _Corr(Data)
NewEval := Eval Indexes(Data)

OldData := Data
OldEval := NewEval

Indexes are better?

Data := Bias_Corr(Data)
NewEval := Eval Indexes(Data)

Data

:= Angular_Corr(Data)
NewEval := Eval Indexes(Data)

OldData := Data
OldEval := NewEval Data := OldData

Data := OldData
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Algorithm explaination

OldEval =0

OldData := Data

Data :=ME _Corr(Data)
NewEval := Eval Indexes(Data)

Data := Bias_Corr(Data)
NewEval := Eval Indexes(Data)

Data := Angular_Corr(Data)
NewEval := Eval Indexes(Data)

OldData := Data
OldEval := NewEval Data := OldData

. OldData = Data -

| OldEval := NewEval |~ | Data := OldData

é Keep corrections and
update evaluation

24 /44

Data := OldData
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Algorithm explaination

OldEval :=0 Data  :=Bias_Corr(Data) Data  := Angular_Corr(Data)
OldData := Data NewEval := Eval_Indexes(Data) NewEval := Eval_Indexes(Data)
Data :=ME _Corr(Data) =

NewEval := Eval Indexes(Data)

Data := OldData

OldData := Data
OldEval := NewEval Data := OldData

OldData := Data

OldEval := NewEval | Data:=OldData @ @

Roll back
corrections
57) L
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Algorithm explaination

OldEval =0

OldData := Data

Data :=ME _Corr(Data)
NewEval := Eval Indexes(Data)

Compute bias-corrected

data
‘Data  :=Bias Comr(Data)
NewEval := Eval Indexes(Data)

Data := Angular_Corr(Data)
NewEval := Eval Indexes(Data)

OldData := Data
OldEval := NewEval Data := OldData

OldData := Data
OldEval := NewEval Data := OldData

26 /44
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Algorithm explaination

OldEval =0

OldData := Data

Data :=ME _Corr(Data)
NewEval := Eval Indexes(Data)

Generate indexes for new
data and evaluate them

Data  :=Bias_Corr(Data)
| el = Sl lindme(D) e

OldData := Data
OldEval ;= NewEval

Data := Angular_Corr(Data)
NewEval := Eval Indexes(Data)

Data := OldData

OldData := Data
OldEval := NewEval Data := OldData
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Algorithm explaination

OldEval =0
OldData := Data

Data :=ME _Corr(Data)
NewEval := Eval Indexes(Data)

OldData := Data
OldEval := NewEval

Data := Bias_Corr(Data)
NewEval := Eval Indexes(Data)

Data

:= Angular_Corr(Data)
NewEval := Eval Indexes(Data)

OldData := Data
OldEval := NewEval Data := OldData

Data := OldData

28 /44
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Algorithm explaination

OldEval =0

OldData := Data

Data :=ME _Corr(Data)
NewEval := Eval Indexes(Data)

Data := Bias_Corr(Data)
NewEval := Eval Indexes(Data)

OldData == Data
OldEval = NeWEval § Data := OldData

Data := Angular_Corr(Data)
NewEval := Eval Indexes(Data)

OldData := Data
OldEval := NewEval Data := OldData

B
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Keep corrections and
update evaluation

Data := OldData

In gentla Reglenale
o mbie le

per la Protletlone A



Algorithm explaination

OldEval =0

OldData := Data

Data :=ME _Corr(Data)
NewEval := Eval Indexes(Data)

Data := Bias_Corr(Data)
NewEval := Eval Indexes(Data)

OldData := Data

OldEval = NewEval =~ Data:=OldData

OldData := Data
OldEval := NewEval Data := OldData

@ Roll back

30/ 44

corrections

Data := Angular_Corr(Data)
NewEval := Eval Indexes(Data)

Data := OldData




Algorithm explaination

OldEval =0

OldData := Data

Data :=ME _Corr(Data)
NewEval := Eval Indexes(Data)

Compute angular-corrected

data

Data := Bias_Corr(Data)
NewEval := Eval Indexes(Data)

~ Data = Angular Corr(Data) -

NewEval := Eval_Indexes(Data)

OldData := Data
OldEval := NewEval Data := OldData

OldData := Data
OldEval := NewEval Data := OldData

31/44
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Algorithm explaination

OldEval =0

OldData := Data

Data :=ME _Corr(Data)
NewEval := Eval Indexes(Data)

Generate indexes for new
data and evaluate them

Data := Bias_Corr(Data)
NewEval := Eval Indexes(Data)

¢ NeWEval = Eval_Indexes(Défé)'::f::;, )

Data = Angular Corr(Data)

OldData := Data
OldEval := NewEval Data := OldData

OldData := Data
OldEval := NewEval Data := OldData

32/44

Data := OldData
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o mbie le
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Algorithm explaination

OldEval =0

OldData := Data

Data :=ME _Corr(Data)
NewEval := Eval Indexes(Data)

Data := Bias_Corr(Data)
NewEval := Eval Indexes(Data)

OldData := Data
OldEval ;= NewEval

Data := Angular_Corr(Data)
NewEval := Eval Indexes(Data)

Indexes are better?

Data := OldData

OldData := Data
OldEval := NewEval Data := OldData

33/44
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Algorithm explaination

OldEval =0

OldData := Data

Data :=ME _Corr(Data)
NewEval := Eval Indexes(Data)

Data := Bias_Corr(Data)
NewEval := Eval Indexes(Data)

OldData := Data
OldEval ;= NewEval

Data

:= Angular_Corr(Data)
NewEval := Eval Indexes(Data)

Data := OldData

OldData := Data
OldEval := NewEval Data := OldData

34/44
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Algorithm explaination

OldEval =0

OldData := Data

Data :=ME _Corr(Data)
NewEval := Eval Indexes(Data)

Data := Bias_Corr(Data)
NewEval := Eval Indexes(Data)

Data := Angular_Corr(Data)
NewEval := Eval Indexes(Data)

OldData := Data
OldEval := NewEval Data := OldData

OldData := Data
OldEval := NewEval Data := OldData

35/44
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Data optimization - Step 1

Coord D 2014-07-28 h13-14 | Original
m v _staz Gauge Radar Radar Scatter plot - Original radar data = 0.8H16x + 04175
413755 | 6019418 99 on on on R = 09761
AM4152 | 4967465 102 oo oo oo
373174 | 4980375 109 on 07 10
422352 | 5004180 110 on on on
: - : INDEXES
JETHES 5016346 m 108 148 15,1 Total precipitation in the area (TF) 020000 BEOOOD| 71,2999
402828 | 4968482 | 120 0o 0o 0o - Mean precipitation in the area (MP)| 172000 1,9498] 2 0371
AQF71E | 4975370 131 on on on % Max precipitation in the area (XF) 43,4000_@
429242 | 4984323 134 oo oo oo e« Min precipitation in the area (NP} 0poooo] 000000 0,0000
73774 | 4994834 147 00 00 0.1 Mean error (ME) 000000002188 03171
ATA99 A977715 180 oo oo oo Mean absolute error (MAE) 00000 04776 05400
05315 4071343 105 o0 o0 o0 Relative MAE (RMAE) 10,0000 02776 0.3140
Ruoot mean square eror (RMEE 0,a000 1,1382 1,229
2N ECE TN oo ol 00 ean et i seroes (4B) T o00] @88 D-IoT
. . . Mean bias without zeroes (MB-0) 1,0000 0.7594 0.7104
395441 | 8015494 247 oo oo oo
39555965 | 4985390 249 on on on Gauge
392460 | 4938970 256 oo oo oo
U528 | 4979525 273 oo oo oo
411791 | 4983907 274 on on on
75630 ASEE307 78 00 00 02 Seatter plot - ME corrected radar data ¢ = 0,3352% + 03343
AL v 0 0. 0. . R*= 0979 * Green | | = corrected radar data
379872 | 5005760 | 351 ]l FFE 55 1 is better than original one
351427 | 4963366 370 i) i 0.3 501
409662 | 5004010 | 373 02 00 00 ] « Red [P = corrected radar data
381063 | 5014078 415 Yl N ae | : R
386008 | 5018529 423 20 45 44 < 3 1S worst than Orlglnal one
397112 | 4991946 445 on 0o on & 25 |
409921 | 8015803 S2573 oo 07 10 20 - ° 1 =
394093 | A0046353 526596 on on on 15 1 * Wohlote D BRI Value Of the
41233 | 5000464 | 53098 oo oo oo 10 1 original one
JUE054 | 4992433 o3447 oo oo 0o 3 e
370552 | 4973026 53685 on 07 10 u " T T T T T T T T T T
381938 | 4993117 o3948 oo 1.1 14 Gauge
416001 | 4985910 54195 on on on

ME correction = radar data - ME, preventing negative values

36 /44
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Data optimization - Step 2

Coord 2014-07-29 h15-16 | Original
" v ID_staz Gauge Fadar Radar Scatter plot - Original radar data 0 08T + 1 3514

y = 0,8087% + 1,
413755 [ 5019413 ] 0,0 0,0 0.4 F*=0493
414152 | 4967469 102 154 45
373174 | 4980375 109 0,0 0.0 01
422382 | 5004180 110 0z 03 27 INDEXES
381885 | s016336 111 oo oo 07 Total precipitation in the area (TF) 74,2000 42 0000 107 3001
402525 | 4955482 120 1.1 _ Mean precipitation in the area (MP)|  21200) 1,2000] 3 D857
407716 | 4975370 | 131 2 Max precipitation in the area (+P) | 154000 [RNSHIBSNI 19,5000
420242 | 4984323 129 & Min precipitation in the area (NF) 00000 00000 01000

ean absolute error , : .
;ggg?g jg;;{;jig ::Sg Relative MAE [RMAE) 0,0000 05223 0,5235
Root mean square error (RMSE) 0,0000 2 h482 30299

427500 | 4366004 204 Wean bias with zeroes (ME] 100000 1.0080] 05420
421869 | 4996460 209 Mean hias without zeroes {MB-0) 1,0000)  O88d5) 25955

395441 [ 015494 247

395596 | 4985590 249 Gauge

392460 [ 4995970 256

398228 | 4979528 273

411781 | 4958907 274

Scatter plot - ME +bias corrected radar data

375630 [ 4988307 278

y = 04069 + 0,3373

414707 _| 4956203 | 3 R 0 g * Green | | = corrected radar data

371184 [ 5006333 340

379872 | 5005760 341

is better than original one
381427 | 4953366 370

409352 [ 5004010 373

* Red [P = corrected radar data

381063 [ 5014078 415

86008 | 5018529 | 498 3 1s worst than original one

397112 | 4991946 445 , : ) &

409921 | 5015503 S2573 oo oo 05 ° 8 "

394093 | 5004633 S28596 02 0s 25 Whlte D same Value Of the
412336 | 5000464 [ S3098 08 1,1 31 original one

J96054 | 4992433 S3447 18 15 41

70652 | 4973026 o685 oo oo 0,1

395535 | 4996506 53869 08 14 37

381938 | 4993117 =3948 0a 00 08 Gauge

416001 | 4935910 =4195 g0 100

Bias correction = radar data * mean bias, 1f mean bias 1s within a threshold

= : "_‘:"'f

3
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Data optimization - Step 3

Coord 2014-07-28 h12-13 | Original
" v ID_staz Gauge Radar Radar Scatter plot - Original radar data 2 3035k + 03019
y=2,2035x + 0,

413755 | 5019418 99 00 0,0 0,0 R== 0,2667
414152 | 4967469 102 0o on on B0
373174 | 4980375 103 0,0 0,0 0,0 gg 1
e T WA 0

. : : 40 4 Total precipitation in the area (TP 36000 FF000) 15,5000
402620 | 4900462 120 0g 0g 0o - 35 1 Mean precipitation in the area (MP)|  0,1023] 0,2200] 05206
407716 | 4375370 131 on oo oo 2 30 Wlax precipitation in the area (XF) 16000[ a7000]  7.7000
424247 | 4934323 133 oo oa ona & o5 Min pracipitation in the area (NF) 0poon| 00000 00000
373774 | 4994834 142 oo oo 04 20 Mean errar (ME) 0ooo0) 01154 04257
403991 4977715 180 oo 0o 0o 15 Mean absolute error (MAE) ooooof 0,0833 04257
IOE31E | 4971343 195 00 00 00 10 4 Relative MAE (RMAE) 000000 14906 41389
427500 AOREO04 204 0.0 0,0 0,0 5 Root mean square error (RMSE) 0,0000 06134 13818
421859 4995450 209 D D D D D D u} T T T T T T T T T T T ean hias with zeroes (MB) 1 ,DDDD D,DBDS D,DSED
395441 5':'1 5494 24? D ID D ID D ID ul 5 10 15 20 25 a0 35 40 45 a0 55 G0 Wean bias without zeroes (MB-D) 1 ,DDDD 1] ,?DEE a ,3059
395596 | 4985890 249 0 00 00 Gauge
392460 | 4995970 256 12 12 27
395228 | 4979528 273 0 0,0 00
411791 | 4985907 274 00 0,0 00
375630 ADSE307 78 00 oo 01 Scatter plot - ME +bias + angular corrected radar {!IaEﬁ T4 + 01154

. ] : y=10174x+0,
e . S < "+ Green [ = corrected radar data
A e i s better than original one
409882 _| 5004010 | 373 o0 00 04 . _
381063 | 5014078 415 04 37 77 _ Red . corrected radar data
396005 | 5018529 428 0 0,0 0,1 = : o1
397112 | 4991945 146 00 00 00 & 1s worst than Orlglnal onc
09921 | 5015808 | 52573 00 00 00 . i
304093 | 5004633 | S2096 il o0 i) *  White [ | =same value of the
412336 | 5000464 | 53098 0 00 00 o i
396054 | 4992433 | 53447 0 00 00 Orlglnal one
370552 | 4973026 | S3685 0 0,0 00 u v T T
381938 | 4993117 | 53943 0 0,0 0,1 Gauge
416001 | 4985910 | S4195 00 00 00

Angular correction = radar data * (1/angular coefficient)
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I

18 continuous datasets in two stormy July day (2014-07-28 and 29)
Atomicity on the whole dataset, not on single weather station data
Very good results obtained

Upper part = hourly data per single station

Lower part = indexes evaluation
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This algorithm computes a better estimation of rainfall rates at time T only when we are at T+1
— Works on past data

— Sees all datasets like a single entity, not correlated with others

Implement an algorithm that at time T+1 tries to estimate what is a good optimization for time T+1, using
information obtained from time T

— So... prediction!

Is the method described here usable for nowcasting?

— Maybe, but with some major modification
* We necessary have to take into account a lot of other parameters (e.g.: wind speed and direction)

*  We should move from hourly data to 10-minute time slots to reduce differences between rain gauges and radar data

—  Works very well with advective precipitation but quality degrades with convective ones (which are the most
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* Android app for nowcasting

— Available for free on Google Play g 5
e | ArLse Como £ Calalziocorte @
— Covers the north west part of Italy CEsras m"
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. Ponte San
{

— Based on weather radar data and GPS o Bergai

Gallarate

— High resolution (500 m updated every 5 min) susonsin 17 NGl g |

tﬁi“"”-"_-' Es2 1 g By Monza [m| °.
— Identifies storm cells ol o, st " e
— Analyzes data from previous hour to next one =« B4 -G

Cerano

— Notifies about incoming storms and severity e NG S
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* To learn more: 3
— http:/ /www.csp.it/temporalert-una-app-di-arpa-e-csp- \ s
sugli-eventi-estremi/ AT ]
— http:/ /ricerca.repubblica.it/ repubblica/archivio/repubblic = = T \7S
a/2015/07/12/lallerta-temporale-scatta-sullo-smartphone- ™ s a5 rm O et A
in-tempo-per-ripararsiTorino07.html o STna 20 s

— https:/ /play.google.com/store/apps/ details? 4 o
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id=it.csp.temporalert&hl=it
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TemporAlert stats

The total number of unique users who have ever installed this app on one or mere of their devices. Leam more

TOTAL INSTALLS BY USER ON AUG 31, 2015 RECENSIONI /° Scrivi una recensione
YOUR APP
# M Android 4.4 5513 34.43% 3 9 «s S
«+ G
« M Android 5.0 3,697  23.09% )
*3 25
@ M Android 4.2 2431 15.18% LB 0 «- B
) M Android 4.1 2057 12.85% foe & 2 » S
[ M Android 4.3 1,138 7.11%
(| M Android 5.1 882 5.51%, Roberto L #r o o ¥ o . Dario G W ¥ o ¥ &
_ ) App meteo definitiva Dopo & Ok Questa notte I'app ha
L M Android 4.0.3 - 4.0.4 287 1.79% aver usato questa ogni altra funzionato avvisandomi del
Others a 0.05% diventa inutile.. temporale. Lunica cosa & ch
AFPF NAME PRICE CURREENT/ AVG. RATING CRASHES & LAST STATUS
TOTAL INSTALLS fTOTAL# AMNRS UPDATE
A TemporALERT! 1.1.1b Free 13.012 [ 16,013 * 389 [ 271 18 Aug 6, 2015 Published
EMBHT
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Questions and suggestions?
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