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Motivation

Lik

* Flood is one of the most devastating natural disasters of
severe societal, economic, and environmental consequences.
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Motivation

 The characteristics of floods:

« Happen within a very short time: hours to days
« Happen within a very small area: a few river reaches
* Wide geographic distributions globally

Normal conditions

Geographic centers of floods (1985-2010)

http://floodobservatory.colorado.edu/Archives/index.html
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Grand challenges in global flood analysis

* In-situ observations: limited availability

 Uneven distribution
« Decreasing gauges
« Daily & monthly records
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« Existing modeling efforts: lack the sufficiently high spatial
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Global sub-daily modeling framework

1. Capture local and “flashy” events: 0.05° 3-hourly +
90m DEM based rivers

2. Long-term historical reanalysis: 1979 — 2019

3. Potential for real-time monitoring and forecast



Global sub-daily modeling framework
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Runoff calibration/bias correction target

* Global runoff characteristics -- GSCD

from >3 000 naturalized catchments

L: trained

ography,
Il factors

Regionalization vi
against 20 climate, t
geology, land cover,

QMEAN (mm/yr)

Similarly, Q4, Qs, Q19, Q2.

Qs0s Qgor Qoo Qos, Qgg, @Nd
BFI are derived globally

(Testing R?: 0.55 — 0.93)

Beck et al. JHM, 2015

OMEAN (mm/vr) 7



Pixel-level model calibration

« Calibrate each pixel independently against runoff characteristics

Objective function
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Four runoff characteristics

- Variable infiltration curver parameter b, Quean: Mean annual runoff per unit area (mm/yr)
« Thickness of soil layer 2 thick, BFI: baseflow index
- Fraction of the maximum velocity of Q101 high runoff (mm/d)

baseflow where nonlinear baseflow begins Ds Qqq: low runoff (mm/d)

Yang et al. WRR, 2019



Pixel-level model calibration

* Infiltration Curve Parameter in VIC model
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Sparse CDF-matching for bias correction

» Traditional bias-correction: CDF matching

A
1+

-

x1 X2 255

0
* Q characteristics from machine learning
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Lin et al. WRR, 2019

What if no full CDF of the reference data?
Lat = -20.0 ; Lon = -50.0

10 1

e R.oobs
e R_mod

0 2 3 6 8 10 12 14
Rynoff (mm/day)
Ratio correction factor:

Ro2 o Rz C2=Ro,z/ Rz
. q?
Ro,l L Rm,l C1=Ro’1/Rm’1

Assume error is log-linear:
 jand N are the j-th element and total
number of element between C; and C,
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Global river network from 90m MERIT DEM

Lik

 MERIT Basins

« 2.94 million reaches & catchments + properties (e.g. COMID, slope,
connectivity) organized at Level 1 (9 regions) and Level 2 (61 basins)

« Median = 6.8 km; Mean = 9.2 km; Total length= 2.6x107 km
Lin et al. WRR, 2019

[ Global River Basin Reclassification: Level 2 )

sy : 2 % "
B A f/] S S T By N
£ AN ~ 2 ;! y :
\ ‘\\\‘\ ¥ o E3 = N5 <
,—‘. 3 ‘,‘ § K\ } /, pi = w
2\ \ 780 R E e e [ -2 ) K/?
‘. ‘*“‘]‘_{ ,7)_1:4;7/ : \/:.\)’ | 7 \‘w-‘j
p = 3 X { e ) § / .
P > r "‘Al_ \ X i 3 T s § j“
s VU, A .. . /

10 0 10 20 30 40km 40 ’(FT; 25 0 25 6 7.5 10km 10 km ’1-0—' A X 4 km 11



Discharge skill assessment

Discharge Modeling error

______________________________________________

Stage-l\\//—éorced e I:> Modeling system itself

Gauge-based Q (e.g. parameter, no anthropogenic effect)

CONUS - E
3 hourly | | |

MSWEP-forced Q P : :
ﬁ Atmospheric Forcing
= T (e.g. no radar, insufficient gauge number)
Stage-IV-forced Q Y ’ —

__________________________________________________________________________________

Global
daily

Global model performance

_ © Authors. All rights reserved.
Metrics:

KGE and its 3 components: CC (Correlation Coefficient), RB (Relative Bias),

RV (Relative Variability)
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Flood-specific skill assessment

PRI

— QObservation — simulation

Flood threshold

Event #®@ (the largest one)
IS treated as a hit event

L / \\/ \_/ ANN Flood threshold  Evyent #® & #® are treated
/ \\ as missing events
t >
@
) ©)
/\ Flood thresholg  Event #O (the largest one)
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/ \/ N \\ Event #@ &#® are treated
as false events
_ © Authors. All rights reserved. t
Metrics:

Flood detection capability: POD, FAR, CSI
Flood simulation statistics: flood volume/peak/timing errors 13



CONUS: Stage-lV vs Gauges

 Discharge skill assessment
3h daily monthly

5\ .gﬁ\ ::'--.- 3 -. 3
: :“‘*%‘5*’”" w4
. v i 1 r

. JRRA ,:.,v:'&‘t :

-‘W/

© Authors. All rights reserved.

0

> 50558 T G
. P e I A L TV e A g
A : S ; : 80
U Ll AR ks iy S i S 40
oy o A - d g ® » .
ST a‘ﬂﬁkﬁ#ﬁﬁ Ve 20 @
Pl o e "'*l?. iyl 'i.‘--‘)‘:?:.'::.’\ y e -20
2 ¢ o S g BRErtl 5o L E oty ¥ —40
by SR *fa. . t:o AT .
Eg i%g% 43(3)9% » '&?.‘: o Kot g ,.,:-a; - ‘z‘ Ll :;*' -60
+35%6431% - ' ¢ i
RB +500%: 73.35% A (b1) < 80

SO —— ==
SRRSO ENNDS

e o
[ B

0.4
0.3
0.2
0.1

0.0 14

DA

Gauges: 6042 Gauges: 5894 Gauges: 5899




CONUS: Stage-IV vs Gauges
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CONUS: Stage-IV vs Gauges
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CONUS: MSWEP vs Stage-1V

 Discharge skill assessment
3h daily monthly
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CONUS: MSWEP vs Stage-IV

 Flood-specific skill assessment

Stage-1V flood threshold MSWEP flood threshold

(a) ~ 4

(c) m Stage-IV @ MSWEP

River reaches with stream order =3

© Authors. All rights reserved.
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CONUS: MSWEP vs Stage-1V
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Global: daily/monthly skills

Correlation
Coefficient

Relative
Bias

Relative
Variability

KGE

© Authors. All rights reserved.
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Global: daily/monthly skills
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Global: flood analysis

Global 3-hourly flood threshold (2-year return period)
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Global: flood analysis

Number of flood events during 1980-2019
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Global: flood analysis

Flood
Seasonality

Seasonal
Concentration
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Conclusions and Outlook

« A carefully-designed modeling framework is implemented to
generate 3-hourly river discharge record globally for 2.94 million
river reaches derived from 90-m topography during 1980-2019.

 The model can reproduce the discharge time series well at both

3-hourly and dalily scales.

« A set of global reach-level 3-hourly flood events (above 2-year

return period) for the period of 1980-2019 is generated.

« On going steps: further analysis on characteristics & physical

mechanisms of global flood events.

25
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