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Introduction

MOUNTAINOUS SITE: SNOW

 Study of spatiotemporal evolution of th
- variability of the atmospheric agents g iesd S
- availability of water resources

. Heterogenous medium on different spi=

MEDITERRANEAN CLIMATE

*High level of solar energy income

throughout the year
*Variahle character with lower nrecipitation

HYDROLOGICAL
REGIME

High importance of
WATER RESOURCES




Study area: Sierra Nevada

Physical Descriptors

e Latitude: 37°N

* Elevation: 3500 masl

* Distance to the sea (40
Long (60 km)
Altitudinal gradients
Great differences

Vegetation

» Typical high mountain
vegetation

 The scarcity of




Study area: Sierra Nevada

Meteorological
Features

* High mountain +
semiarid climate
e Strong variability between
years
 Anual Precipitation
 Average Temperature in
snow season (-5,+5 °C)
Complete summer melt
Several melting cycles per
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Study area: Sierra Nevada

Meteorological
Features

* High mountain + semiarid |

H B Precipitation praes
climate oo 8 St | EE—
* Strong variability between
years

2020

* Anual Precipitation
 Average Temperature in
snow season (-5,+5 °C):
Complete summer melt
Several melting cycles

Mean Max Min
490.8 888. 222.
6 5

Temp .y mean 12.6 28.9 -3.4 -
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Study area: Sierra Nevada

Meteorological
Features

 High mountain + semiarid
climate
e Strong variability between
years | _
 Anual Precipitation :
 Average Temperature in
snow  season (-5,+5 °C)T g g ]
- Complete summer melt ‘== e
 Several melting cycles
s|vecm|o refRsotion
Sunny days dominant
- exgrduringmintexeseryve (1986)
 Natural Park (1989) and National Park
(1999) (1750 /862

h (m)




Physical model structure

SNOW MODEL

HYDROLOGICAL Mass and
MODELS Energy
Physical istri Balance
. " NOAA, daily 1 km x 1km
SATELLITE REMOTE 4 MODIS, daily, 250 m x 250
m
~ Landsat, 16-day, 30 m x 30
limiting factor m G -

U

LANDSAT IMAGERY

TERRESTRIAL
PHOTOGRAPHY
V . IMAGES SATELLITE TERRESTRIAL
Prep roccesi ng Spatial Resolution Fixed Variable ‘

Temporal Resolution Fixed Variable

Show spa;iﬁ




Physical model structure

SNOW MODEL

e WiMMed: Physically based and totaly
distributed hydrological model

 Develop for Mediterranean
regions: Take into account the specific
characteristic of the snow in semiarid
areas
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Physical model structure

SNOW MODEL

e WiMMed: Physically based and totaly
distributed hydrological model

 Develop for Mediterranean
regions: Take into account the specific
characteristic of the snow in semiarid
areas

s
- Spatial resolution: 30x30m

- Temporal resolution : hour

- Calibration and validation
- in-situ measurements
- Remote sensing

information
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Physical model structure

SNOW MODEL

\

« WiMMed: Physically based and totaly

distributed hydrological model

Atmospheric Model

Interception Model

4 Snowmelt Model

 Develop for Mediterranean
regions: Take into account the specific
characteristic of the snow in semiarid
areas

Distributed modelling

?, Hillslope circulation model
“ water,
sediment &

1980-2000

20

SCF |

CASE2
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Using different remote sensing data to improve snow cover

Fation
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Examples

Using different remote sensing data to improve snow cover
area representation

a) DETAIL SCALE

Terrestrial

a b C

Study site REFUGIO CABALLO SIERRA
POQUEIRA HILLSIDE NEVADA

Area ~900 m?

—
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Examples

Using different remote sensing data to improve snow cover
area representation

a) DETAIL SCALE

Terrestrial
Photography

b) HILLSIDE
SCAILF

Terrestrial
Photography

c) WATERSHED
SCAIF

Landsat imagery

a b C

Study site REFUGIO CABALLO SIERRA
POQUEIRA HILLSIDE NEVADA

Area ~900 m>




Examples: REMOTE SENSING

Using different remote sensing data to improve snow cover

AVERAGE ANALYSIS

uglo que|ra
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Examples

MODELING + REMOTE SENSING AT DIFFERENT SCALES

a) DETAIL SCALE

Terrestrial
Photography
+
Snow Modelling

a b C

Study site  ~ REFUGIO  TREVELEZ  SIERRA
POQUEIRA  HILLSIDE NEVADA

Area ~900 m?

—



Examples

MODELING + REMOTE SENSING: Detail scale

- Data assimilation schemes
x*=x7 +K (d—Hx))

Kalman Filter

K =P TH/ (HPTHT + R)™!
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Examples

MODELING + REMOTE SENSING AT DIFFERENT SCALES

a) DETAIL SCALE

Terrestrial
Photography
+
Snow Modellina

b) HILLSIDE
SCALE =

Terrestrial
Photography
+
Snow Modelling

a b C

Study site  ~ REFUGIO  TREVELEZ  SIERRA
POQUEIRA  HILLSIDE NEVADA

Area ~900 m?




MODELING + REMOTE SENSING: Hillside scale
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Examples

MODELING + REMOTE SENSING AT DIFFERENT SCALES

a) DETAIL SCALE

Terrestrial
Photography
+
Snow Modellina

b) HILLSIDE
SCALE
Terrestrial
Photography
+
Snow Modellina

c) WATERSHED
SCAI F

Snow Modelling

a b C

Study site  ~ REFUGIO  TREVELEZ  SIERRA
POQUEIRA  HILLSIDE NEVADA

Area ~900 m?
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MODELING : Watershade scale.

 Study period: 2000-2010
* Distributed snow modeling: Mean

val ues D Snowfall i
Snowmelt D Evaporation

Two differents areas in all selected variables. (
sporadic)

« Zoning between the values-andsHEigRE=
* High correlation betweenva1ues of precipitation and snowfall

(r=0.98)__ i

Permanent and



Examples

MODELING : Watershade scale.

Study period: 2000-2010
Distributed snow modeling: Trend

values Rainfall + Snowfall

Evaporation °

Decreasing values trends

Rainfall always has negative values , bein
heights. -
Similar, the case of
The corr '

all.
en snowmelt and precipitations high




Final remaks and Future steps

* On the Mediterranean variability of watershed processes
Spatial variability/temporal resolution
Need of physical modelling for scenarios simulation

* On the physical distributed modelling approach
Extreme gradients and sudden changes in energy and water balance modelling.
Simultaneous calculation at different time scales along the watershed.
Good agreement degree of results, despite the possibly high number of parameters
Snow transport by wind, energy fluxes trends, and soil sensible heat flux
contribution
Spatial scales issues by terrestrial photography data
Implementation of the wind transports
The importance of the evaposublimitation in the model

* On the applications for water resource planning

Change of soil use scenarios, climate change scenarios effects,....

Uncertainty “flow” from the meteorological agents to the state variables through the
equations
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