Marco Papetti', Thomas Lorimer? , Giulia Valerio' and Martin Schmid?

EFFECT OF COARSE CLIMATE MODEL RESO
ON LAKE TEMPERATURE SIMULATIO

(1) Dipartimento di Ingegneria Civile, Architettura, Territorio, Ambiente e di Matematica, Universita degli Studi di Brescia, Brescia.
(2) Department of Surface Waters-Research and Management, Eawag (Swiss Federal Institute of Aquatic Science and
Technology), Kastanienbaum, Switzerland

= ™ | UNIVERSITA
7% | DEGLI STUDI eadaWwa

4N | D] BRESCIA aquatic research 000

DIPARTIMENTO DI INGEGNERIA CIVILE, ARCHITETTURA,
TERRITORIO, AMBIENTE E MATEMATICA




180° 120°W 60°W 0° 60°E 120°E 180°

| . 24 Lake surface temperatures are predicted to increase
, | by 70 to 8a % of the increase in air temperatures

", - (Schmid, Hunziker, and Wiiest 2014)

30°8+

(Woolway et al. - 2021)

Climatological mean lake surface
temperature under climate change

60°S

[

07 -0.35 00 0.65 1.3°C/decade

- .
(O’Reilly, C. M., et al. - 2015)

(o

a

N

N

P
T

Lake temperature anomaly (°C)
w

o

2020 2040 2060 2080

..What will be the impact on the ecosystem?




How to evaluate lakes temperature ?
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The mostly adopted solution are hydrodynamic models ——  Z20-models
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Weather station
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The structure of a climate model Issue: grid-cells often larg

Lake ‘e/mmT

Inside each grid-cell the future

weather variables are computed * Possible mismatch between cell
and lake elevation, especially in

 ARD: around 70km x 70km mountainous areas

o |SIMIP: around a0km x a0km -

« ERAS-land: around 3km x Skm il P

e COSMO REAB: around Bkm x Bkm conditions between the grid-cell

o COSMO-le: around 1.4km x 1.1km and the actual lake atmosphere




How to assess the effect of such issues ?

Weather station based Climate model based
atmospheric forcing atmospheric forcing
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The climate model variables

o The climate model: £OSMO REAG
(reanalysis product of COSML)
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B x b km grid-cells

Lake

 The extraction criteria: from the - S

closest cell to the |akes center ¥ Lake
Geneva I

A 4

 Time interval: from 01/01/1935 to
01/09/2019

ng(x

* y aux - 0.270978 * x_aux ** 2
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o The extraction tool: a Python code to R G = e
automatically extract the model data e (e o 2
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return lat, lng

and create the atmospheric forcing
files, for all the lakes




The elevation mismatch

 Most of the times, the model

2500 overestimates the elevation.

o The greater difference is present for
|lakes located in highly variable
topography environments.

o The mismatch in the elevation reaches

values up to around 1200 m.
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Consequences of the altitude mismatch

Temperature: COSMO REA® - Station [°C]

Air temperature mean difference

(=]
L
7
»

- - -
-
- - .\Q -
-2 e
~
)
. ‘\'\
L -
- \\
-4 - . .
s
RN

Y
y=-0.0059x + 0A367\\
R?=0.84

|
[+3]
1

0.59°C/100m

~
)

0 200 400 600 800
Elevation: COSMO REAG - Station [m]

1000 1200

RMSE [°C]

Air temperature RMSE difference

g 4 [

= 0.Q0x + 1.
Y =000 4 g3
(I,‘l 260 460 G(I)O 860 10I00 12|00
Elevation Difference: COSMO - Station

VV

Air
temperature[*C]

Air
temperature[®C]

Moossee, AH=60m

30 4 — station
— C05SMO_REAG
25 -
20 | |
15 - (I i o '
10
5 -
T T T T T
2010-05-01 2010-05-15 2010-06-01 2010-06-15 2010-07-01
Walensee, AH=781m
w4 Station
— (0SMO_REAE |
1
| Ig T | il
0 4 i I.. | i, l | _I i I. |! | l}
* | L Y | .
WL SMTTRL L LSV
10 .‘(tw i il |
|]. -

T
2010-05-01

T
2010-05-15

T
2010-06-01

T
2010-06-15

T
2010-07-01




The issues in the wind speed

Absolute wind

Absolute wind

speed [m/s]

speed [m/s]
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What about a model with higher resolution ? /“ Lago d
I

The climate model: £OSMO-/e
Grid-cell dimension: 1.lkm x1.lkm

The extraction criteria: from the
closest cell to the lakes center

Time interval: from 01/01/2017 to
31/12/2027

Elevation difference: COSMO REAS - lake [mi]
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Expected consequences:

| —> « Air temperatures closer to measured value

 [eneral improvement of the variat
estimate, especially for the wind speed



Consequences of adopting COSMO-1e (1km x 1km)

Air Temperature Wind Spe
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Result of the Simstrat simulations
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overestimation can lead to
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is supposed to freeze.




Air temperature correction

Moossee, AH=60m
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o The vapour pressure needs to be
corrected too
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Final comments

Lakes temperature forecasts are affected by
model resolution, in a way and with a magnitude
that varies case by case

The effect of the altitude overestimation by the
model may have relevant impact on the variables
estimate. This is true the more the topography is
irreqular

The increment of the model resolution most of the
times |eads to better surface temperature
estimates.

For surface temperature forecasts, a simple
correction of the model air temperature based on
the altitude gap is suggested if the model highly
overestimates the lake altitude
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