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Motivations

Why modeling aquifers and floodplains in a climate model ?
- Because it is more realistic...
- To take into account their possible impact on the simulated climate

- Evolution of groundwater ressources in the future ?

How accurately do we simulate aquifers and floodplains ?
Does it improve the SURFEX-CTRIP hydrology (river discharges) ?
What is the impact on the simulated (present-day) climate ?




Outline

1. Presentation of the model
- CNRM-CMBG6 climate model
- Aquifer scheme and floodplains model

- Simulations

2. Evaluation

3. Impact on the simulated climate

Summary and outlook




The CNRM-CM 6 (CMIP6) climate model
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Hydrology in ISBA-CTRIP and aquifer scheme

New version (CNRM-CM®6)
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- 14-Layers explicit soil scheme (Boone et al., 2000
Decharme et al., 2011 & 2013)

- 12-Layers explicit snow scheme (mass and heat) & Soil Organic
Carbon effects on soil properties (Boone and Etchevers, 2001,
Decharme et al., 2016)

- Variable flow velocity and river network at 0.5°
(Decharme et al., 2011)

- Two-dimensional diffusive aquifer allowing upward capillarity
fluxes to the subsoil (Vergnes et al., 2012a,b & 2014)

- Floodplains dynamics with direct re-evaporation, precipitation
interception and soil re-infiltration

Decharme et al., 2008 & 2012
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H : water table head (m)

w : effective porosity
T : transmissivity (m?/s)

(Vergnes et al. 2012, 2014)




Aquifer scheme : coupling with the ISBA soil column

(a) Free-drainage (b) Fully-coupled (c) 30" topography (d) Normalized accumulated
distribution of topography
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Floodplains model

u Addition of a flood reservoir in TRIP
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Qin (kg.s™) : Inflow from the river

f”’"a'"'w“"”""“ Qout (kg.s™)) : Outflow into the river
""" e Em e Pf (kg.s) : Precipitation intercepted by
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(Decharme et al., 2008 & 2012)




Simulations

Inline (coupling with the atmosphere)

Offline ( SURFEX-CTRIP stand-alone)

TRIP 0.5°

SURFEX B _
ARPEGE-Climat | T127 =150 km

1979-2010 (5-year spin-up)
Coupling with ARPEGE-Climate

CTL : Control
GW : Agquifers
GW+FLD : Aquifers + Flood

TRIP 0.5°
SURFEX 1°

1979-2010
Forcing : PGF

CTL
GW
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2. Validation and evaluation
Water Table Depths (WTD)

GW offline simulation Model and data from Fan et

e — -

Simulated Water Table Depth
(m below land surface)

<= 0.25

| BN0.25-25

15 255

m5-10

-30° 310-20

[E20-40

40 - 80

>80

al., 2013

A50° 1200 -90° -60° -30° 0° 30° 60°

0.16

GW+FLD-inline

] GW+FLD-offline

GW-inline

GW-offline

30 40

WTD (m)

50 60 70

80

L= A A ]

g

0.14 [

0.12
0.10 =
0.08 —
0.06 —
0.04 —
0.02

iy

Global Water Table Depth Distribution

0 Model Simulation
= (Gridded Observation

0.00 —

R
10

I I | I I I I
20 30 40 50 60 70 80
Water Table Depth (m)



River discharges
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3. Impact of aquifers on the simulated climate
2-meter temperature

JJA ad
I B o e S R B B

180 150W 120W 90W 60W 30W 0 30E 60E 90E 120E 150E 180

180 150W 120W 90W 60W 30W 0 30E 60E 90E 120E 150E 180

°C

4 3 2 -1 05 05 1 2 3 4

=> [mpact in winter only

&



Warming in winter (DJF) — 2-meter temperature
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Not necessarily an improvement in this case...



Warming in DJF : processes involved ?
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Warming in DJF : processes involved ?
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Energy budget
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Energy budget
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Feedback loop

| Soil water content
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Feedback loop

Soil water content Snow cover
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Other causes
(Internal variabily)

=> Run ensemble simulations



3. Impact of the floodplains on the simulated climate

Percentage of the ARPEGE-Climat grid cells covered by floodplains
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3. Impact of floodplains on the simulated climate
2-meter daily max. temperature and preciptiation (JJA)
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Floodplains effect in JJA

Infiltration or open water evaporation ?

Evapotranspiration differences (GWFLD — GW)
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Mean annual water cycles in some basins

10 L | L L 1 | L L 1 | L 1 L | L L L | L L L 6.0 1 ] L 1 1 L L 1 ] L 1 1 | L 1 L ] L 1 1

3.5 PR AT ST N SR SONTU (Y SR ST T SN ST T S S

Precipitation —GW+FLD
Evapotranspiration === GW
—Runoff

3.0

2.5

2.0

Drainage
1.5

Floodplains infiltration

1.0

0.5

o b b b b b by
III‘IIIIIIIIII||III||!I|I|IIYI|IIII

o.o LN N E R L B B L N B B L B B B I B B
2 4 6 8 10 12



Summary

= An 2D-diffusive aquifer model and a floodplain scheme were
added to the new version of the Land Surface Model ISBA-
CTRIP.

= Afirst set of global climate simulations were performed with it.
= The simulated water table depths seem reasonnable.

= Offline (Land only) and inline evaluation show an improvement
of river discharge with aquifers and floodplains.

= The aquifers lead to a warming of eastern Europe in winter
(through an increase of liquid water in the soil column, leading to
an warming of the soil temperature and a decrease of the snow
cover in this region).

= The floodplains scheme leads to a cooling of maximum
temperatures in summer (through an enhanced
evapotranspiration)




Outlook

= Further analyse the results

= Run ensembles

= Assess the impact of aquifers and floodplains at higher
resolutions (either globally or regionally)

= Assess the impact of aquifers and floodplains in scenarios of
climate change




QUESTIONS ?




Aquifer basins and parameters
development at a regional scale

(a) Groundwater resources

- Major groundwater basins
- Complex hydrogeological structure
- Local and shallow aquifers

- Karstic area

> Aquifer
basins
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Middle Jurassic

- Lower Jurassic
- Triassic
- Paleozoic /

Proterozoic
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Aquifer basins and parameters
extension at global scale

The World-wide Hydrogeological Mapping and
Assessment Program(WHYMAP, BGR & UNESCO) |
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2. Validation and evaluation
Water Table Depths (WTD)

GW offline simulation Model and data from Fan et

e — -
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River discharge
Seasonal cycle
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Inline simulations
River discharge

Amazon 049 Parana 1922
-0.07 - K
40 4 -0.03
3.0 1
20 4

Niger Mekong

150 4 414

J FMAMJ J A S OND

Mississippi
pp! 048 Danube 476 Ob 376
-0.37
1.2 9 -0.18
1.0 4
0.8 <
0.6
0.4 4
0.2
T T T T T T T T 1 1 1
J FMAMUJ J A S OND J FMAMUJU J A S ONUD
Yenisey Lena Mackenzie
0.31 0.02
240 4 051 0.24
0.68 15 9 0.57
2.00 4
1.2
1.60 -1
1.20 4 0.9 4
0.80 4 0.6 <
0.40 0.3
N T T T T T T T T 1
JJFMAMUJUJ ASONTD J FMAMUJUJ ASONTD
Orange Changjian
9 39.86 gjiang 0.05
2353 0.09
0.25 -16.50 3.0 0.26
0.20 = 25 <
0.15 4 2.0 4
0.10 4 15
0.05 4 10 4
&k EE—— 0.5 4
T o} T

<
-
£
> -
=

<

o -
> -
o -
o -
=z

o

[

-
=z -
> -
=z -
<

<
> -
o -
O
z -
o -

180

LA L S B B B e e L B B B B B B By
150W  120W  90W  60W  30W 0 30E 60E 90E  120E  150E 180

Obs

CTL-Inline
GW-Inline
GW+FLD-Inline

Inline discharge integrates
error on the simulated
precipitation

Improvement in almost every
basin with GW,
and sometimes even more so
with GW+FLD.



	Diapo 1
	Diapo 2
	Diapo 3
	Diapo 4
	Diapo 5
	Diapo 6
	Diapo 7
	Diapo 8
	Diapo 9
	Diapo 10
	Diapo 11
	Diapo 12
	Diapo 13
	Diapo 14
	Diapo 15
	Diapo 16
	Diapo 17
	Diapo 18
	Diapo 19
	Diapo 20
	Diapo 21
	Diapo 22
	Diapo 23
	Diapo 24
	Diapo 25
	Diapo 26
	Diapo 27
	Diapo 28
	Diapo 29
	Diapo 30
	Diapo 31

