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¢ Hydrology: GHMs or local/regional HMs forced by CM input.
+ Specific impact model focusing on hydrology
+ GCM/RCM biases may be corrected
e Local/regional HMs are often calibrated, but for current climate.
— Hydrology may be inconsistent with GCM/RCM forcing
— No feedbacks to the atmosphere
— Another level of uncertainty is added
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Global modelling chain in WATCH or ISIMIP

Climate model input from GCMs:
Precipitation P, 2m Temperature T, other
variables

Interpolation to 0.5 degree
Statistical bias correction of Pand T fields
Global Hydrology Models (GHMs)
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Generating runoff in different communities i’

¢ Hydrology: GHMs or local/regional HMs forced by CM input.
+ Specific impact model focusing on hydrology
+ GCM/RCM biases may be corrected
e Local/regional HMs are often calibrated, but for current climate.
— Hydrology may be inconsistent with GCM/RCM forcing
— No feedbacks to the atmosphere
— Another level of uncertainty is added
¢ Climate: Within LSMs of GCMs or RCMs
+ Runoff/land surface variables are consistent with climate variables
+ Hydrology — atmosphere feedbacks are regarded.
— Potentially large biases exists due to climate model biases, especially in
precipitation
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Regional ESM: GCOAST

Wind stress

Solar radiation
Longwave radiation
Evaporation
Non-solar heat flux
derivative

Sea level pressure

COSMO-CLM
EURO-CORDEX

Surface runoff
Drainage

Sea surface
temperature
Ice temperature
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Discharge

Atmosphere-ocean-river coupled model,
a subset of the GCOAST regional earth system model.
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River Runoff

The Hydrological Discharge (HD) model

Lateral transport of water over the land surface to simulate

discharge into the oceans

Hagemann & Dumenil (1998) Clim. Dyn.
Hagemann & Dumenil Gates (2001) JGR
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HD model structure

< dX >
» State of the art discharge model P _ - )
» Applied and validated on global SRurfa(: Overland .
scale at 1/2 deg. ot Elow
> Part of MPI-ESM | =
> Time step: 1 day Soll k = f (dx, innerslope,
i ) Hydrology wetlands, lakes)
(internally 6 hours for riverflow) Scheme
Drainage fl
, Baseflow
Coupled in regional ESMs %
RegCM-ES (Sitz et al. 2017) : g
ROM (Sein et al. 2015) =T —
REMO-MPIOM (Elizalde et al. 2011) o
Gridbox
> Outflow
Gridbox
Inflow
k =f (dx, dh/dx,
wetlands, lakes)
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» Increase resolution from 0.5° (50-55 km) to 5 Min. (8-9 km)




14000

12000+

Discharge [m3/s]

Discharge [m3/s]

Monthly discharges: 2000-2003

s 555 Helmholtz-Zentrum
s 213 Geesthacht

Centre for Materials and Coastal Research

Dlscharge for Donau

=
o
o
o
o

8000 == W AN
)| S L

4000

2000

7000

(1107011] SRR PP bvr S NSPROUE SRS | WO OO PP SOOI NCTS TIPS | I N NI RN

IS
(=
=]
S

w
o
o
(=]

20001

I

Dan u be 807000 km?2

i L 1 1
2000 2001 2002 2003

Discharge for Rhein

0

160800 km?

1 1 1 1
2000 2001 2002 2003

Discharge [m3/s]

Discharge [m3/s]

3500

3000

N
(=1
(=]
o

=
w
o
(=]

1000}

Discharge for Elbe
. : ‘

1600

14001
1200
800

S
o
=]

2001

131950 km2

2500+ oD NG

"Elbe

|
2000

1 | 1
2001 2002 2003

Dlscharge for Weser

1
2000

- (Obs. Dis
HD Vs. 1.10 - 55045

— HD5 Ref. - 55037

- HD Vs. 1.10 - mouth

L 1 1
2001 2002 2003

37720 km?




Discharge [m3/s]

Discharge [m3/s]

Daily discharges 2000-2003:
Resolution matters

Dlscharge for Donau
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» Increase resolution from 0.5° (50-55 km) to 5 Min. (8-9 km)
» Apply some general scaling factors to HD model parameters
» No river specific tuning or calibration!

» Reference run: 1979-2009
» Test runs: 1999-2009 using restart file of reference run
» Evaluation: 2000-2009

12
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HD-5 Min.

WATCH Forcing data (WFD)
(daily values) at 0.5 degree

l l P, T, SWdown, LWdown, Wind, humidity

JSBACH Land surface scheme

Surface Runoff l Drainage

Interpolation to 5 Min. = 0.0833°

Hydrological Discharge model = | Discharge

II
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Evaluation metrics using observations

Kllng Gupta EfflClency RMSE
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Correlation

Lag Correlation
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Simulated discharge: 2004-2009

Discharge for Indalsaelven

2500

s 555 Helmholtz-Zentrum
s 213 Geesthacht
Centre for Materials and Coastal Research

Indalsaelven

2000 | ooy e Resenr: S , ...................................... ......................................... ..........................................

1500f+-+-rrv oo o A | T TSI

T
5°°M.P \! : \WMJ‘ ' W L 1 P nﬂ\"w'*""i

2600 2601
Time [days]

— Obs. Dis

HDs Ref. 55037,  2000-2003

2002

=

30~

2003

25761 km?

Discharge [m3/s]

5@5

3000

LT S S

N
f=3
L =]
(=]

1500

S
fu
o
=
<

500 N ™ FL

Discharge for Oder
T ‘ T

F

~ Odra|

1 | 1 ! | !
2005 2006 2007 2008

Time [days]

2004

— Obs. Dis
HD5 Ref. - 55037

— HD5 Test1 - 55046 109564 km?2

— HD5 Test2 - 55047

efficiency for HD5—Ref: —2009'

=

W Qo

0

20

40

S I 42
—0.55 -0.45 —0.35 —-0.25 —0.15 —0.050 0.050 0.15 0.25 0.35 0.45 0.55 0.65 0.75 0.85




70

60

— Difference in KGE: HDS TEST1 — H.I&QEF

L =
— a
50

s s s s Helmholtz-Zentrum
aRen

Differences of Test1 to HD5 REF gelis SSmptiact

entre for Materials and Coastal Research

Kling-Gupta Efficiency Correlation
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% Testl: Adjusted main stream velocities to correct for lag to observations
» Main stream = Main river path from an upstream catchment > 5000 km? until
the station.
» Main river path starts at grid box with the longest distance to the mouth
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Catchments with daily data
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¢ Observed daily discharges are required:
» HD model evaluation
» Tuning of HD main stream velocities
» Forcing for ocean and ocean BGC models
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Catchments with daily data

*»* Most data are from GRDC, some are from other sources
¢ Missing larger catchments (> 5000 km?):

» Station currently not available

» No available data at all

» Time series too short
** Who has further observed daily discharges?
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Summary :

+*»* Discharge model resolution of 0.5° usually sufficient if monthly river runoff
from larger catchments is considered.
+*»* For daily river runoff and smaller catchments, higher resolution is required.
s Simple transfer of HD model to 5 Min. resolution using some global scaling
factors for model parameters yields good results for many European rivers
¢ Deficiencies occur where
» Rivers are heavily regulated, especially in Scandinavia
» Rivers are impacted by human water abstractions
» 0.5 degree atmospheric forcing is too coarse
» Forcing JSBACH has deficiencies in the timing of snow melt
** Preliminary tuning of main stream velocities leads to small improvements
for some rivers = further work is needed.

23
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Nash-Sutcliffe Efficiency Bias

Nash—Sutcliffe efficiency for HD5—Ref: &07200
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