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Motivation AL@ P

* Return to FLake, almost 10 years after the coupling with SURFEX
- Salgado & Le Moigne (2010)

* Availability of a set of data: exploitation of ALEX 2014
- A field experience conducted around tha Alqueva reservoir

* A new running field campaign ALOP
* Return to the question of the impact of ALqueva on local climate
- 15 years after the close of the gates (Salgado, 2016, Policarpo et al., 2017)
* Collaborate with the IPMA (Portuguese met office) in improving the
local AROME physiography and activate FLake
- improve weather forecast for the region
* Use FlLake in studies about surface carbon fluxes and algal blooms
* Test the possibility of using FLake approach and results to forecast:
— water temperature
- Evaporation from the reservoir
- water quality parameters
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Why lake schemes in atmospheric models? AL@P

* Some regions can be highly influenced by the presence of lakes
- The boreal zone (9.2% of the area of Sweden and 10% of the area of Finland
are covered by lakes)
- Eastern Africa and of the American Great Lakes region
- Inthe Mediterranean region, dams and reservoirs have been constructed.
* Anaccurate prescription of lake surface temperatures becomes more

important as the horizontal resolution of the models increases.
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Lake Regions:
Finland, Karelia

' Rand McNally & Company or its licensors. All rights reserved.  http:ffwws.randmcnally.com
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ALEX2014 field campaign
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The ALqueva hydro-meteorological EXperiment, ALEX 2014
e An integrated field campaign with measurements of chemical, physical and biological
parameters around the Algqueva reservoir;
With the purpose of studding the lake-atmosphere interactions
From June to September and comprised a three days Intensive Observation Period (IOP)
from 22 to 24 July.

Salgado et al., SURFEX Users Workshop, Toulouse, February 28, 2017 4/23


http://www.alex2014.cge.pt/

ALEX2014 field campaign (2)

Central Site: Floating Platform
® Energy fluxes (radiative and sensible

and latent heat), CO2 and H20
® Under water measurements

/

u 10 3 / ;_\
Intensive Observation Period:
22, 23 and 24 of July 2014, :
® 18 meteorological balloons with

meteorological radiosondes
were launched.
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The FLake model: Water temperature profile AL@P

ﬁb 6'5

" Water temperature profile:
" two layers:
" Mixed Layer

0(z,t]=0 at0<z<h ;

thermocline
0zt =95—(95—9b)*@(c) ath<z<D

The thermocline extends from the mixed-

layer outer edge z = h to the basin bottom

z=D.

And can be defined by a shape factor:
1

D= h+Ah ,
CT:.[ @(C)d(j ' wdf@l" (e
: igui

Mironov (2008), Mironov et al. (2010)
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Real profiles (examples) ALOP

July
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Measurements in Alqueva
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Bottom of the thermocline
= Bottom of lake (in FLake)?

2005 2006 2007
=it e e NG 2009 2011
2012 2013 2014
2015 = = 2016
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Real profile (another example) ALOP

Water temperoture evolution

. . D 28 \
* Mixed Layer is not always _ g [

well defined ~ 0.526F
* AT between Surfaceand1 — '
m can be greater ~4°! l -
* Warm period, very 27 | .
stratified lake ' '

24

s0F _

* An argument to develop a : :
skin femperature 18| -
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Hours after 21,/7/2014 00:00

ALEX 2014 observations: continuous temperature

observations. Hourly mean temperature at
different depths, from 21 1o 25 July 2014
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The FLake model: Water prognostic variables AL@P

= Surface or mixed layer g e,
temperature, 6,

= Bottom temperature, 6,

" Mixed layer depth, A
= Shape factor ,C;

h

The evolution are based on 4 equations:

* 2 Equations for conservation of energy
* Evolution of A

 Evolution of C-

Key parameters

* Lake fraction (ecolcimap)

* Lake depth (Lake Database)

* Extinction coefficient of light
* Albedo and emissivity

h+Ah
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Comments on the shape factor ALOP

* The dimensionless temperature

profiles lie in the area bounded by dimensionless temperature profile
the green and the red curves. SN AL L
* During the mixed-layer

deepening, dh/dt > O, the 0ol
temperature profile evolves f

towards the limiting curve, where i
CT:Cmax =0.8 0.4

* During the mixed-layer stationary
state or retreat, dh/dt <0, the
temperature profile evolves
towards the green curve, where
Cmin= 0.5

" Cmin = 0.5 is consistent with a
linear temperature profile that is

assumed to occur under the ice 1ol
0.0 0.2 0.4 0.6 0.8 1.0

0.0

0.3
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Extinction Coefficient: measurement ALGOP
apparatus

Underwater irradiance
measurements at

Alqueva reservoir (Potes et
al., 2013, 2017)

Thau lagoon (Thaumex,
LeMoigne et al., 2013)
other water bodies

FieldSpec UV/VNIR da ASD coupled to an
optical cable and a cosine receptor

*Wavelengths between 325 - 1075 nm
*Spectral resolution of 3 nm

*180° of FOV

*Maximum depth of 3 m
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Extinction Coefficient; estimation

3.0x10*

T
1

2.5x10*

:‘_:?
‘_\_\_-‘E\_\_\_

0.00

0.0

0.2%

0.50

2.0x10*

1.5%10* - / A M R

/A

YAN

I| I n' ’*\
1.0x10* '

| 1: ¥ l'.:ﬂ-.l
ALASN "2
5.0x10° i \ - r\ i

J AN\
0 Z o+ | L['L | - —

300 433 567 700 833 967 1100
WAVELENGTH [nm]

|
e —
.;"'
-

IRRADIANCE [DN]
I
-
_\-\-"‘-\.
e
1
' 8

Spectral Irradiance measurements
at different depths between
surface and 3 m

(example - Alqueva)
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Spectral Extinction Coefficient
for different water bodies:
Pure water (Black); Pool (Blue)
Alqueva 2014 (other colours)
Depends on wavelength
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Extinction Coefficient;: Observed Values

ALOP

Table 1. Measurement details

Extinction coefficient in the PAR band

Date Time (UTC)

Measurement location

PAR attenuation coefficient® (m™")

Smith and Baker (1981) -

10 July 2014 10:24
14 July 2014 10:32
30 July 2014 11:19
27 August 2014 10:25
27 August 2014 14:30
25 September 2014 15:31
25 September 2014 10:39

Pure water
Alqueva-Montante
Swimming complex
Alqueva-Montante
Alqueva-Montante
Alqueva-Mourao
Alqueva-Montante
Alqueva-Mourao

0.166

0.709 £ 0.006
0.191 + 0.002
0.849 + 0.025
0.875 £ 0.023
1.112 £ 0.019
1.055 + 0.004
1.459 + 0.007

“Photosynthetically active radiation attenuation coefficient for the layer 0-3 m.

from Potes et al. (2017)

The extinction coefficients change in space (depends on lake) and also in time
The integral (for all solar spectrum) extinction coefficient should be slightly larger
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Initialization for mesoscale simulations AL@P

We need initial conditions for:
- Surface or mixed layer temperature, 6,

« Bottom femperature, 6,

*  Mixed layer depth, A
 Shape factor ,C;

For climate simulations it is not important: FLake is not to much
sensitive and we can start in winter (non stratified period)

For operational forecast on may use an optimal assimilation process
(against observed lake surface temperature)

For short range mesoscale simulations namely with meso-NH, we
may adjust the parameters if we have measurements

If not we should have climatological values

The estimation has been done iteratively, minimizing mean square errors (For bottom
temperature the observed temperature at 27m was used)
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Impact of initial conditions - example

ALOP

Meso-NH - SURFEX - FLake Simulation
3km resolution over South Portugal
100 x 128 grid points

TZM_C 2014/07 /22 hour:16.0

ALEX IOP case: 22-24 July 2014
Initialization and forcing: ECMWF

78 hours of simulation

64 vertical levels, concentrated in

the BL

Alqueva water surface area: 250 km?
(Not in Ecoclimap)

FRAC_SEA + FRAC_WATER

B°W

2014/07/21 Hour:18.0 UTC
7 W
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Sensitivity to initial conditions - example ALOP

Temperature of the water mixed layer Water Mixed Layer Temperature

on a Alqueva lake point 20|
OBS = mean temperature of the first — h=1 CT=0.65 k=0.85 m—1
levels (up o 3 m) 29F - h=6 CT=0.8 k=0,85 m—1

Two cases:

* adjusted parameters (h=1, CT=0.65) 28
« a different set of initial conditions =
For both cases: = 27

* lake depth = 27 m botom 5
« extinction coefficient estimated for <°
July 30, K=0.85 m!
* No sediments =
24b_ . . .
The simulated temperature for an initial 5 40 50 20
shape factor of 0.8 is unrealistic. time after 00 UTC of day 21/7/2014

Errors can be of 5°C
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+ Sensitivity to Extinction coefficient ALOP

* Increasing K (to 4 m?)-
increase the temperature and
the daily amplitude of lake
mixed layer temperature

* In the example, the difference
between the two simulations is
more 1°C

* Probably, the optimal value
should be between 0.85 and 4
m)

T_WML {C)

Water Mixed Layer Temperature

20

24

285

27

28

23

24 b

— h=1 CT=0.63 k=0.85 m—1
- h=6 CT=0.8 k=0,85 m—1
— h=1 CT=0,63 k=40 m—

2

40 ED Bl
time after 00 UTC of day 21/7 /2014
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FLake in Meso-NH — impact on results

ALOP

H_ML ()
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Mixed loyer depth

1 CT=0.B5 k=0.85
& CT=0.8 k=0.85 m

— h
—h
h=1 CT=0.85 k=4.0

20 40 60 50
time after 00 UTC of day 21/7 /2014
« With the same k, h tends to an
“equilibrium” value: ~3 m
 (coherent with observations)
 However, the shape factor has
more inertia (not shown)

« So the impact of an error in initial
conditions lasts in time

Water Bottorm Temperature

o 0o
I |
— J] —
[ ol N ]

T=0.65 k=0.85 m—1
T=0.8 k=0.85 m—1
T=0.65 k=4.0 m-—1

40 G0 50
time after 00 UTC of day 21/7 /2014
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Application of the same concept for biol- ALGP

chemical quantities

Temperature (°C) Dissolved Oxigen (%Oz2sat) pH (Sorensen scale)
2011 2011 2011

10 /5 100 125 150 65 70 75 80 85 90 95 100

.

o Y <0

The profiles are similar. It should be possible to model the profiles of other chemical
parameters using the same similarity approach — EcoFLake
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Conclusions / notes AL@P

* TInshort range simulations, FLake is sensitive to initial conditions,
namely to the shape factor

* When observations are available, the shape factor should be adjusted

* Simulations confirm that the importance of extinction coefficient

* Inreservoirs, FLake depth should not be the maximum depth.

* The Surface skin temperature should be computed explicitly

* Lake database should include the depth of the reservoirs (namely in
Iberia)

* Ecoclimap should also include the reservoirs

* The similarity approach of FLake may be extended to model other
quantities related to water quality

* It should be important if more people try FLake inside SURFEX

* Tt is time fo improve the FLake interface to surfex
- example: k should not be in prep_pgd
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New ALOP Project

ALentejo Observation and Prediction systems

Observations Modeling
New field campaign: - 2 years of Meso-NH Tutorial in Evora
continuum measurements (beginning in (by Christine Lac)

Mars/April 2017)

3 Years Project from a regional Horizon 2020 program

' | T E 0 PORTUGAL b UNIAO EUROPEIA
l i : Fundo Europeu
2020 ‘ * % X de Desenvolvimento Regiona
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ALentejo Observation and Prediction systems

Observations Modeling
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continuum measurements (beginning in (by Christine Lac)
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' | T E 0 PORTUGAL b UNIAO EUROPEIA
l i : Fundo Europeu
2020 ‘ * % X de Desenvolvimento Regiona

Salgado et al., SURFEX Users Workshop, Toulouse, February 28, 2017 22/23




References AL@ P

Le Moigne, P., D. Legain, F. Lagarde, M. Potes, D. Tzanos, E. Moulin, J. Barrié, R. Salgado, G.
Messiaen, A. Fiandrino, S. Donier, O. Traullé, and M. J. Costa, 2013: Evaluation of the lake model
FLake over a coastal lagoon during the THAUMEX field campaign, Tellus A, 65, 20951. doi:
10.3402/tellusa.v65i0.20951.

Masson, V. et al. (2013): The SURFEXv7.2 land and ocean surface platform for coupled or offline
simulation of earth surface variables and fluxes, Geosci. Model Dev., 6, 929-960, doi: 10.5194/gmd-
6-929-2013.

Mironov, D. V., 2008: Parameterization of lakes in numerical weather prediction. Description of a lake
model. COSMO Technical Report, No. 11, Deutscher Wetterdienst, Offenbach am Main, Germany, 41

PP.

Policarpo, C., Salgado, R. and Costa, M. J. (2017): Numerical Simulations of Fog Events in Southern
Portugal. Advances in Meteorology, vol. 2017, Article ID 1276784, 16 pages, 2017.
doi:10.1155/2017/1276784

Potes, M., Costa, M. J., Salgado, R., Bortoli, D., Serafim, A. Le Moigne, P., 2013: Spectral
measurements of underwater downwelling radiance of inland water bodies. Tellus A. 65, DOI:
10.3402/tellusa.v65i0.20774.

Potes, M. Salgado, R., Costa M.J., Morais, M., Bortoli, D., Kostadinov, I. and Mammarella, 1.(2016).
Lake—atmosphere interactions at alqueva reservoir. a case study in the summer of 2014. Tellus A
2016, 00, 1272787, http://dx.doi.org/10.1080/16000870.2016.1272787

Salgado, R., 2006: Interacgao solo - atmosfera em clima semi-arido. Dissertagdo apresentada a
Universidade de Evora para a obtencéo do grau de Doutor em Fisica.

Salgado et al., SURFEX Users Workshop, Toulouse, February 28, 2017 23/23


https://www.hindawi.com/journals/amete/2017/1276784/

	Slide 1
	Slide 2
	Slide 3
	Alqueva reservoir
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23

