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28 November 2002:
CHyM has been presented for the first time...
It was more a battle than a presentation but
we all survived
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The hydrological cycle

evapotranspiration

ovekland
\A\ evaporation
evaporation
w‘an flow

From School of Geography, University of Leeds Course material

atmosphere

precipitation\\
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Rainfall

Runoff
Evapotraspiration
Infiltration
Melting
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Continuity equation
aA aQ A= cross sectional area of the river

Q= flow rate of water discharge
—— + —— = (. q.rainfor length unit

0f 0x

Momentum equation

5= slope
S 1/2 Rz/ 3 1/R= wetter perimeter
Q — A n= Manning ‘s roughness
n coefficient

R=/4 + yDJ Ris the hydraulic radius that can be written as a linear
function of

the drained area D as:

R =B+ yD°

B, y and 6 are empirical constants to be calibrated
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The infiltration term is given by:

1(t)=1, (t) - P, (lu)

where Is(f) and Ps(/u) are respectively the infiltration and the percolation rate at the
ground surface.

Ps(lu) is only dependent from the kind of landuse (lu) of the considered cell and
its value is established during the calibration of the model.
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The infiltration process is modelled using a conceptual model similar
to those proposed by several authors as Overton (1964 ), Singh and

Yu (1990).
The water available for surface runoff decreases with a rate:
oN 1
= Rh—-a m
dt ( 5 )
l-e

Being R, the relative humidity of upper soil layer.

Surface Runoff

>
Soil moisture —>
storage Return Flow
s R

3 Deep percolation
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Thornthwaite Formula (Thornthwaite and Mather, 1957)

ET,=k - ET,

where K is the crop factor that is a function of land use. For details about the
computation of the reference evapotranspiration refer to Todini (1996) and
Thornthwaite and Mather (1957)
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Melting rate (mm/h) is the sum of a temperature term and a solar radiation term
M =T, T +S,(1-a)G,
The incoming solar radiation G, Is computed as:
G, =C A4, sm(¥)

With C, solar constant.The net sky trasmissivity A, can be
approximate by (Stull, 1999)

4, =[0.6+0.2sin(¥)[1.0-0.40,)(1.0-0.70,,)(1.0- 0.40,)

The sinusoidal function of solar elevation angle depends on the latitude and
' : : ] 271t
longitude sin(W) = sin(¢)sin(d, ) — cos(¢)cos(d, ) cos(—*= - A)

d
The solar declination angle , defined as the angle between the ecliptic and the

plane of earth’ s equator, for the Julian day d , it is given by

27(d -d)

0, =D cos

y
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1)Why do we want to use hydrological model
for climate simulation

Earth System Physics, The Abdus Salam International Centre for Theoretical Physics



The Alps water tower of Europe
the river Po

alpine
runoff to total runoff: 53%

Share of-Alps in total

SR N s g ] catchmentarea: 35%
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The Alps water tower of Europe:

the 4 major rivers

Alpine runoff 35%

2.3

River Po

Alpine runoff 53%
Alpine area 35%

1

y

» Alplne area 15%

River Danube

Alpine runoff 41%
Alpine area 23%
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Alpine runoff 26%
Alpine area 10%
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Evolution of global and alpine
temperatures, 1901-2000

Global
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Changes in water availability for the
Rhone River
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Climate futures
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Winter temperatures at Santis (2,500 m ):
1961-1991 and 2071-2100

2071-2100 (A2)
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Components of the hydrological cycle by 2100
(mm, Rhone)

Precipitation Evaporation




Pizzo Bernina, 1978
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Components of the hydrological cycle by 2100
(mm, Rhone)

Snow and ice
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Grande Dixence, Switzerland
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Components of the hydrological cycle by 2100
(mm, Rhone)
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Average discharge by 2100 (mm, Rhone)

Beniston, 2004:
Climatic Change and Impacts,
Springer Publishers
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2)How can we use hydrological model for
climate simulation

Earth System Physics, The Abdus Salam International Centre for Theoretical Physics



Po River Basin
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CHyM Rhone Basin Simulation — ACQWA Project
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3)What we need to start our exercise?

Model calibration
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Calibration Simulations

May 2008 — Isola S. Antonio Po @Q Discharge (m®/sec) — Scenario 02 (MAM)
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CHyM model calibration
March 2009 — Isola 5. Antonio Po
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Flow Discharge (m3/sec)
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CHyM model calibration

November 2002 — Isola S. Antonio Po November 2002 — Isola S. Antonio Po
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CHyM model calibration

September 2006 — Isola 5. Antonio Po
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CHyM model calibration
May 2006 — Rhone at Port du Scex
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CHyM model calibration
september 8, 2001
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snow cover — MODIS data corrected by J. P. Didier
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4)What does it mean to calibrate the model?
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CHyM model calibration

Dratnage Network
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CHyM model calibration

M June average M December average 2000—-2009
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CHyM model calibration

M August average 2‘_@ September average 2001-2008

556 366
Spp p ——(Qbserved ggg )b served
e e CHyM model 3pp | =esss==CHyM model
206
408 268 =y
- 246 =
220 @}
300 200 =
. 180 ]
160
20w 149 E_J'_
120
158 190
[ 1 2 3 4 5 ] 1 2 3 4 5 6 7 3 [ 10 ;U
= — L |
(&) ) o
g 556 & 366
N\, sew { o B
o) oy 32 -
E 456 E 300
286
= 4o N~ 268 %
[ o 4]
350 246
E’ ?_” 220 »
g 300 S |
O 25 % b
9 160 =
p 266 2 149 o
S - Q128 ¢
1 106 W
g 19 " 12 13 14 L 3 2 11 12 13 14 15 16 17 18 19 20~
2y = O
Re, (&)
=)
550 360 =z
- 346
320
456 206 e
280 o
466 266 o
356 249 co
220 o
300 209 o
- 190 =
160
266 140
128
156 1B —
29 21 2z 23 24 23 26 20 21 22 23 24 25 26 27 28 29 30
Days

RMST=  63.3 — NRMST= RMST= 552 — NRMST= 1.4 — BIAS= 30.0

Earth System Physics, The Abdus Salam International Centre for Theoretical Physics



CHyM model calibration

Po basin
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CHyM model calibration

what can we learn from this exercise

v'Good performances of CHyM in reproducing observed discharge time series,
the timing of major peaks are (almost) always well captured

v'Overestimation of major peaks after dry period especially for Po basin
(hydropower)

v'Difficulties in reproducing daily cycle on Rhone basin (snow cover map)
v'Year cycle is well reproduced for both basins (overestimation during summer

for Po basin)

what are the problems

v'A parameterization of hydropower is needed
v'Refine the parameterization of melting, basic flow and evapotranspiration

v'Use MODIS snow deep estimation instead of snow cover map only




5)How do | run a hydro-climate simulation?
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| want to complete a scenario simulation with CHyM of
140 years, what do | need?

1) storage space for the climate model input data
2) for each field of the hydro simulationand for each basin for each scenario

330x280x24x365x90 = 18 bilions of data = 72 Gbyte
3) capability of analyzing the big amount of data
4) method to estimate the uncertancy

The Abdus Salam International Centre for Theoretical Physics
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CHyM - Simulation of climatic scenarios —
Po river-Validation

!élﬂ Montly average discharge (m®/sec) .‘.é!ﬂ Montly average discharge (m®/sec)
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CHyM - Simulation of climatic scenarios-Rhone
river-Validation

!égg Montly average discharge (m®/sec) _@Monﬂy average discharge (m®/sec)
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CHyM - Simulation of climatic
scenarios — Po river Change

@‘X Montly average discharge (m?®/sec)
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CHyM - Simulation of climatic
scenarios- Rhone river- Change
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CHyM - Scenarios 02 — Po basin CHyM - Scenarios 02 — Po basin -
- Distribution of low discharge Distribution of high discharge values

values 1960-1989 (blue) 2021-2050 (red)
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1960-1989: entries 81126, average 265.72
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CHyM - Scenarios 02 — Po basin CHyM - Scenarios 02 — Po basin -
- Distribution of low discharge Distribution of high discharge values

values 1960-1989 (blue) 2021-2050 (red)
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CHyM - Scenarios 02 — Rhone basin -
Distribution of low discharge values
1960-1989 (blue) 2021-2050 (red)
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CHyM - Scenarios 02 — Rhone basin -
Distribution of high discharge values
1960-1989 (blue) 2021-2050 (red)
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6) What if | have an ensemble of simulation?

Earth System Physics, The Abdus Salam International Centre for Theoretical Physics



MPI and ICTP scenarios

01 RCM-REMO (25x25 km:
daily) available (3hours ?)

02 RCM-RegCM3 (25x25 km: 3
hours)

03 RCM REMO Hi (10x10 km,
3hours)

04 RCM RegCM3 Hi (3x3 km,
3hours)

UNIGRAZ post-processed-bias-corrected RCMs scenarios

5a post processed RCM-REMO
(25x25 km; 3hr)

5b Post processed RCM-REMO
(1x1 km:; daily, 3hr)

Oa post processed RCM-
RegCM3 (25x25 km: daily, 3hr)

6b Post processed RCM-
RegCM3 (1x1 km; daily, 3hr)
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What did | learn?

The source of uncertancy in hydro-climate simulations are many

different model input data can lead to different hydrological results

resolution of input data can impact the hydrological results

 bias correction of input data not necessarily improve the hydrological simulation in
the validation period

Can | use these results to give a message to the non scientific
community?

* Yes | can, but | have to be good in communicating them the grade of uncertancy
that is associated to the hydro-climate signal

 How can | do that? by using the probabilistic approach

« What can | say? | can say something like the probability of reduce discharge in the
summer time will be of N% and the uncertancy associated with it is of M%
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