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Outline - 개요

� The UTOPIA (model)

� Structure and input/output data

� General outline: main processes studied

� Applications

� Energy and hydrological budget of Alpine area in future 
climate
Energy and hydrological budget of Alpine area in future 
climate

� Korean monsoon

� The case of the 2003 summer

� Sensitivity analysis on vegetation parameters

� Snow: Siberia, Piemonte, Antarctica
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The origin of the name

� The model celebrates 23 years in 2014

� Created in 1991 by myself, A. Longhetto and J.J. Ji

� For 18 years it has been called LSPM (Land Surface
Process Model)

� In 2009 it has been renamed UTOPIA, acronym of: 

University of TOrino land surface Process model for 

Interaction in the Atmosphere
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The evolution of LSPM-UTOPIA
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The UTOPIA 
(University of TOrino land surface Process 

model for Interaction in the Atmosphere)

UTOPIA is a bigleafbigleafbigleafbigleaf 1D

model which calculates 

the exchanges of 
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the exchanges of 

mass, momentum and 

water vapor between 

the atmosphere and 

the surface (bio-geo-

hydrosphere)
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The UTOPIA structure 
• 3 zones: atmosphere, vegetation, soil

• Vegetation  uniform layer (big-leaf 

approximation)

• Variables  weighted averages between 

atmospheric, canopy and snow components

• Canopy  vegetation cover, height, leaf area 

index (LAI), albedo, minimum stomatal

resistance, leaf dimension, emissivity and resistance, leaf dimension, emissivity and 

root depth

• Soil  thermal conductivity, hydraulic 

conductivity, soil porosity, permanent wilting 

point, dry volumetric heat capacity, soil 

surface albedo and emissivity

• Soil variables  multi-layer schemes (N 

layers)

• Turbulent fluxes  electric analogue scheme

• Photosynthesis evaluation
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Input/output data 

BoundaryBoundaryBoundaryBoundary conditionsconditionsconditionsconditions

� Air temperature (°C or K)

� Atmospheric pressure (hPa)

� Relative (%) or specific (g(Kg) humidity

� (Total and low) cloudiness 

� or solar radiation (Wm-2)

� Wind speed (m/s)

� Precipitation (mm/Δt)� Precipitation (mm/Δt)

InitialInitialInitialInitialInitialInitialInitialInitial conditionsconditionsconditionsconditionsconditionsconditionsconditionsconditions
Coordinates (Lat, Lon, Quote)

Height of observations

Azimuth and slope of site

Sky turbidity (needed for radiation)

Time step of observations

 Initial date and time

Soil temperature

Soil moisture

 Initial snow height

OutputOutputOutputOutputOutputOutputOutputOutput

 Vegetation + multi-layer soil temperature

 Vegetation and multi-layer soil moisture

 Energy Balance (Radiative, Turbulent

and Conductive heat fluxes)

 Hydrologic Balance (Rain – Snow -

Water evaporation drainage runoff)

 Other soil-vegetation parameters
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The physical processes
� Radiative fluxes
� Momentum flux
� Sensible heat flux
� Latent heat flux
� Partitioning of latent heat flux

into canopy evaporation, soil
evaporation and transpiration

� Heat transfer in a multi-layer soil� Heat transfer in a multi-layer soil
or lake
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Hydrological processes

• Snow accumulation and melt

• Rainfall, interception, infiltration 

and runoff

• Soil hydrology, including water 

transfer in a multi-layer soil
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Photosynthesis

� Evaluation of NPP and GPP

� Quantification of photosynthesis (C3 and C4)

� Detailed evaluation of canopy resistance
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Source: Chuanli et al., 2012



The snow
� Snow  single homogeneous 

layer lying upon land surface

� Frost = snow

� Metamorphism for 
calculating density

� Albedo

� Snowpack considered as a � Snowpack considered as a 
single homogeneous layer 
lying upon land surface
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� Snow mass, thermal and hydrological balances are 
considered, to evaluate water equivalent and liquid water 
content

� Each component of energy and hydrologic budgets has been 
modified taking into account the new partition of soil 
coverage fractions (snow covered/free bare & vegetated soil)



Snow cover

bare soil 

with snow

bare

no snow

PPPPartitionartitionartitionartition among soil, vegetation and snow fractionsamong soil, vegetation and snow fractionsamong soil, vegetation and snow fractionsamong soil, vegetation and snow fractions

no snow

Vegetated       vegetated soil,

soil, snow        no snow
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The experimental setup

� Method: run of UTOPIA driven
by a regional climate model 

Evaluation of Evaluation of Evaluation of Evaluation of surfacesurfacesurfacesurface layerlayerlayerlayer

parametersparametersparametersparameters ((((energyenergyenergyenergy and and and and 

hydrologicalhydrologicalhydrologicalhydrological budget, budget, budget, budget, soilsoilsoilsoil

temperature and temperature and temperature and temperature and humidityhumidityhumidityhumidity))))

Method: run of UTOPIA driven
by a regional climate model 
(RegCM3) in turn driven by a 
global model (HadAMH)

� Selected simulations: present
(1961-90) and future (2071-2100, 
A2 and B2 scenarios) climate
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Net Radiation Evaporation Latent Heat

Hydrological components
20th decade, Future (A2) minus present climate
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Hydrological budget: cultivated soils (Po valley)
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Effects on soil moisture (Po valley)

� In summer, soil moisture decreases below wilting point, 
or remains below wilting point for a longer time
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Hydrological balance: Faido
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Temperatures - snow melting
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Future climate confirms a tendency already occurring

1787-1989: 50 cm   >>  1990-2008 : 17 cm

Statistically significant decrease
Credit: SMI
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Several locations in the Alps will see just 

occasional snowfalls by 2050, and ice will

disappear from all but few glaciers



The number of dry days

The number of dry days
increases by about 20-30 in
B2 and by about 30-40 in A2
mainly in the plains and hills

Dry days: when Q
I
<0

WIFC

WI
I

qq

qq
Q

−

−
= 1

Increase in the plains
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The number of wet days

24

Increase near Alps

Decrease elsewhere

Wet days: when Q
I
>0.8
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Dora Riparia river

More and more 

Less rainfall in summer

25

Credit: SMI
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Anticipation of

spring rainfall

More and more 

intense fall & 
winter rainfalls





UTOPIA result - 2005 Korean Monsoon
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The heat fluxes

� SHF is very large since July, when LHF becomes
minimum

� In the wet simulation, LHF increases and SHF 
becomes «normal»

� Soil dryness has favored the evapotranspiration decrease

Prof. Claudio Cassardo
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Soil variables

� The soil was warmer and drier than normal

� In 44 days (on 92: 48%) the first 5 cm of soil were drier
than wilting point

� (normally: 3±7 days)

� Soil moisture in the wet run becomes normal, but not
temperaturetemperature

Prof. Claudio Cassardo

Tsoil

°
C

Usoil

m
3
m
-3

3026/05/2014 – Busan National University





Sensible heat flux
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Sensitivity analysys on parameters used by UTOPIA

for describing vegetation processes
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a) Net Radiation (W m-2)

b) Sensible Heat Flux (Wm-2)

c) Latent Heat Flux (W m-2) 

d) Soil-Veg Heat Flux (W m-2)

e) Transpiration (W m-2)

Morris method (Morris, 1991) adapted by Campolongo et al. (2007)

8 vegetation parameters, 11 soil types  990 run
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Francone et. al, Sensitivity analysis based investigation of the behaviour of the UTOPIA land surface process model. A case study for vineyards in northern Italy. Boundary 

layer meteorology, 2013.
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Siberian stations

PRO’s

1) Good quality measurements

2) Long duration

3) Distributed over the territory

4) During winter, always snow

5) Data well known in literature 

CON’s

1) Monotonic behaviour

2) Missing daily detail

3) Unknown summer surface

4) Old data
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The equivalent water
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Snow height
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Snow cover
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The Alpine stations in Piemonte

Characteristics:

1. More dynamic evolution (T not always <0 °C even 

in winter)

2. Presence of rain and snow in winter together

3. More complicated soil morphology
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Colle Bercia

Snow height

Snowfall
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Prerichard
Snow height

Snowfall
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APPLICATION OF A LAND SURFACE MODEL (LSPM) ON ICE 

SHELF OF ANTARCTICA

The site: Hells Gate ice shelf.

The XIII Southern-Summer Antarctic 

Expedition at Terra Nova Bay (1996-97) was 

performed in this site, during the warm period 

(1997-1998) 

The data were collected at two locations, 2.6 The data were collected at two locations, 2.6 

km apart from each other, of the Hells Gate ice 

shelf

The experiment in Antarctica started on 28th

January and ended on 18th February 1998. It 

lasted 22 days

The model simulation covered only the period 

from the 3rd to the 11th February 1998 for the 

reason of continuous data availability
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The turbulent heat fluxes

--- UTOPIA Simulation

*** Observation

--- UTOPIA Simulation

*** Observation

Good simulation when wind is weak

Some small disagreements during strong 

katabatic wind episodes (10th February)

There could be some unclear physical processes

under these extreme katabatic wind conditions: 

for instance, the surface resistance for the 

evaporation (or sublimation), supposed to be 

constant in present simulation, might be related 

to the weather conditions.

During most of the time, SHF was negative 

(air T > ice T)  surface layer stable

|SHF| is maximum during nighttime  ice 

T is minimum; SHF ≈ 0 during daytime 

because ice T is maximum

Some overestimations during daytime 5th

and 10th February (errors in soil albedo?)
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The ice temperatures

immediately below surface at 25 cm

--- Simulation with LSPM

*** Observation

• The errors of the ice temperature simulations 

were within 1.0 °C, excepting for the surface 

temperatures in the first two days of the 

simulations, in which the large daily excursions 

were underestimated by UTOPIA

• The simulated ice temperature and the observed 

one were in good phase.

• These results demonstrate that the energy 

transfer in the ice was well simulate by 

UTOPIA 

at 50 cm
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Conclusions
� Land surface processes are crucial in improving both short term 

forecasts and climatic projections

� UTOPIA has been created with the aim to improve weather 
forecasts relative to extreme events (floods, heat waves, snow)
� It has been verified in several climatic zones in the world, and its 

performances have been compared with those of other models (BATS, 
NOAH, H-Tessel)

� In the time, it has been applied also for determining soil and � In the time, it has been applied also for determining soil and 
vegetation parameters in cultivated areas

� Recently, it has been decided to use UTOPIA also in climatic 
studies, for determining future energy and hydrological budget 
components
� Presently we have used UTOPIA in offline simulations, driven by 

simulations with regional climate models

� To perform more detailed simulations, we are currently transforming 
this model in a 3rd generation model
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One reason for which we have named the model 
UTOPIA is that …

… to pretend that a numerical model is able to represent
realistically all land surface processes is an utopia …

Similarly as we pretend that cows will adapt to a world 
in which sea level will be 100 m higher in such way …
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However we are doing our best to make the model good
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