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Abstract. Land surface temperature is the link between soil-1  Introduction

vegetation-atmosphere fluxes and soil water content through

the energy water balance. This paper analyses the represehbe importance of the spatial resolution problem in hydro-

tativeness of land surface temperature (LST) for a distributedogical modelling has been highlighted in the scientific com-

hydrological water balance model (FEST-EWB) using LST munity since 1980s (Dooge, 1986; Sivapalan and Wood,

from AHS (airborne hyperspectral scanner), with a spatial1986; Wood et al., 1988; Wood, 1994;@khl and Sivaplan,

resolution between 2—-4m, LST from MODIS, with a spa- 1995; Wood, 1998; Su et al., 1999).

tial resolution of 1000 m, and thermal infrared radiometric  In particular the development of distributed hydrologic

ground measurements that are compared with the represefrodels (Noihlan and Planton, 1989; Famiglietti e Wood,

tative equilibrium temperature that closes the energy balancd994; Rabuffetti et al., 2008; Ravazzani et al., 2008; Troch

equation in the distributed hydrological model. et al.,1993; Montaldo et al., 2007; Gurtz et al., 2002) gave
Diurnal and nocturnal images are analyzed due to the nofthe opportunity to better understand this problem of spatial

stable behaviour of the thermodynamic temperature and t&cale of the hydrological variables (Anderson et al., 2004;
the non linear effects induced by spatial heterogeneity. McCabe and Wood, 2006; Kustas et al., 2004) due to the fact

Spatial autocorrelation and scale of fluctuation of landthat a distributed model predicts averaged variable values in

surface temperature from FEST-EWB and AHS are anal-each pixel.

ysed at different aggregation areas to better understand the Moreover the recent advances in remote sensing technolo-

scale of representativeness of land surface temperature in @es drove the scientific community to the use of hydrologic

hydrological process. modelling in conjunction with remote sensing data. So there
The study site is the agricultural area of Barrax (Spain) thatvas a development of hydrological models for water con-

is a heterogeneous area with a patchwork of irrigated and nofent estimation from mass and energy balance (Noilhan and

irrigated vegetated fields and bare soil. The used data set wadanton, 1989; Famiglietti and Wood, 1994; Bastiaanssen et

collected during a field campaign from 10 to 15 July 2005 in &l., 1998; Montaldo and Albertson, 2001; Anderson et al.,
the framework of the SEN2FLEX project_ 2004; Corbari et al., 2008; Corbari, 2010; Su, 2002; Min-

capilli et al., 2009) and remote sensing data through con-
nected variables to soil moisture such as land surface temper-
ature (LST). This approach seems to solve many limitations
and difficulties of the previous technology based on micro-
wave satellite images (Mancini et al., 1999; Giacomelli et al.,
1995). In fact, promising results are now coming using both
hydrological modelling and thermal infrared images avail-
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However there are still problems of understanding the spa-
tial variability of satellite images and its effect on the hydro-
logical variables (Su et al., 1999; Kustas et al., 2004).

In fact the problems related to the retrieval of satellite LST
over heterogeneous areas are still open issues in the researt
community due to the fact that land surface temperature is a
function of the brightness temperature and emissivity of each
component of the area (bare soil or vegetation), of the scan
angle of view of the radiometer and of the spectral resolution
of the sensor (Norman et al., 1995; Soria and Sobrino, 2007;
Jiménez-Muioz and Sobrino, 2007).

So thermal infrared ground measurements allow a control
and a local verification of algorithms implemented into hy-
drologic models and of the products distributed by different
spatial agencies (Sobrino et al., 1994; Schmugge et al., 1998
even if there are still difficulties in the comparison between
ground and areal measurements.

This paper analyses the representativeness of land sur
face temperature for a distributed hydrological water bal-
ance model (FEST-EWB: Flash-flood Event-based Spatially-
distributed rainfall-runoff Transformation-Energy Water Bal- Fig- 1. Study area and fields codes.
ance) using data at different spatial resolution. LST from
AHS (airborne hyperspectral scanner), with a spatial resolu-
tion between 2-4m, LST from MODIS, with a spatial res- 2 Data
olution of 1000 m, and thermal ipfrared radiometric ground 21  The study site
measurements are compared with the land surface tempera-

ture from the hydrological model. _ The test site is located in the agricultural area of Barrax
The spatial autocorrelation function (Rodriguez-Iturbe et (33 N, 2°6' W, 700m a.s.l) near Albacete in Spain. This
al,, 1995) is also analysed to understand the effect of the agsreq is characterized by a patchwork of irrigated and non
gregation process on land surface temperature statistical P&rigated fields with different shape and size where about
rameters and, also from the analysis of the scale of fluctuagso, of cultivated lands are dryland (67% winter cereals,
tion (VanMarcke, 1983), to understand at which aggregationgzo, fallow) and 35% irrigated land (75% corn, 15% bar-
area LST variance becomes insignificant for the process. Ifey/sunflower, 5% alfalfa, 5% onions and other vegetables).
fact, if a process at high aggregation area is considered, th¢pjs area was selected as a test site for a field campaign
variance tends to zero while the scale of fluctuation is higherduring June-July 2005 in the framework of the international
and thgse concepts can also be related to the hyc_jrologic@roject SEN2FLEX. In Fig. 1 a map of the study area is pre-
modelling observing that a lumped model has obviously agented with the plots where ground measurements are per-
bigger level of indetermination than a distributed model. formed. This area has a Mediterranean climate with dry
The distributed energy water balance model, FEST-EWB.symmer and high temperatures. Distributed soil moisture
looks for the rgpresentatlve thermodynamic equilibrium tem-aasurements were made during the field campaign in the
perature that is the land surface temperature that closes th§tferent type of vegetated fields and bare soil by University

energy budget (Corbari et al., 2008; Corbari, 2010). Thegf Naples (SEN2FLEX Final Report, 2006) and these values
model is validated at field scale with fluxes measured fromg,e ysed as initial condition for the modeling simulation.

an eddy correlation tower and with measured land surface
temperature. 2.2 Land surface temperature retrieved from AHS
The study site is the agricultural area of Barrax (Spain) that
is a heterogeneous area with a patchwork of irrigated and noDuring the field campaign 12 day and night overpasses of
irrigated vegetated fields and bare soil. The used data set wake airplane with on board AHS were performed and images
collected during a field campaign from 10 to 15 July 2005 with different spatial scale resolutions (2m and 3m) have
in the framework of the SEN2FLEX (SENtinel-2 and FLuo- been collected (Table 1). Land surface temperature values
rescence EXperiment) project funded by ESA (SEN2FLEX are obtained with TES method (Gillespie et al., 1998) and
Final Report, 2006; Sobrino et al., 2008; Su et al., 2008).  these results are reported in (Sobrino et al., 2008).
This heterogeneous agricultural area can be characterized
from a thermodynamic point of view only with high resolu-
tionimages. In fact the alternation between wet and dry areas
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Table 1. LST computed from AHS images.

Date Time Flight Altitude Pixelsize MeanLST Standard
(yymmdd) ID (ma.s.l) (m) {C) deviation
LST (°C)
050712 13:56 BDS 1675 2 48 9.5
050712 14:21 MDS 2070 3 49.4 9.7
050712 00:07 BNS 1675 2 21.8 15
050712 00:32 MNS 2070 3 21.3 1.3
050713 9,52 B1S 1675 2 28.6 34
050713 10:15 M1S 2070 3 31 4
050713 13:46 B2S 1675 2 48 9.7
050713 14:01 M2S 2070 3 48.6 9.6
050714 10:03 BI1S 1675 2 29.8 34
050714 10:23 M1S 2070 3 31.9 4
050714 14:06 B2S 1675 2 44 7.4
050714 14:25 M2S 2070 3 44.2 7.3

is clearly visible during the day, when standard deviation oflected from 10 July to 15 July 2005 from the Faculty of Geo-
LST can reach very high values till €, while during the  Information Science and Earth Observation of the University
night the area seems to be homogeneous with a maximurof Twente (SEN2FLEX Final Report, 2006; Su et al., 2008).

standard deviation of 1° (Table 1). Moreover the University of Castilla-La Mancha operated
_ three agro-meteorological stations in the area providing me-
2.3 MODIS images teorological information (SEN2FLEX Final Report, 2006).

LST products from MODIS radiometer on board of TERRA

satellite fttp://ladsweb.nascom.nasa.gov/index.htmitha 3  Hydrological model: FEST-EWB

spatial resolution of 1 Km, are used in this study to under-

stand the ability of low resolution images from operative FEST-EWB (Flash-flood Event-based Spatially-distributed
satellite to reproduce land surface temperature variability. Arainfall-runoff Transformation-Energy Water Balance) is a
nighttime image for 13 July at 00:10 and a daytime image fordistributed hydrological energy water balance model (Cor-

13 July at 13:45 were selected. bari et al., 2008; Corbari et al., 2010) and it is developed
starting from the FEST-WB and the event based models
2.4 Thermal radiometric field campaign FEST98 and FEST04 (Mancini, 1990; Rabuffetti et al., 2008;

Ravazzani et al., 2008). FEST-EWB computes the main pro-
Thermal radiometric ground measurements were collecte¢esses of the hydrological cycle in every cells: evapotran-
by UGC — Universitad de Valencia during the airplane over-gpiration, infiltration, surface runoff, flow routing, subsur-
passes, during night and day, over corn (as C1 field), bar@ace flow and snow dynamic (Corbari et al., 2009). The en-
soil (BS), green grass (L13), water body (WB), wheat (asergy balance is solved looking for the representative thermo-
W1 field), vineyard (V), onion (O) and area of reforestation gynamic equilibrium temperature (RET) defined as the land
(RA) (Fig. 1). Various instruments were used to measuregyrface temperature that closes the energy balance equation.
in the TIR domain, including multiband and single-band ra- ¢ ysing this approach, soil moisture is linked to latent heat
diometers with a fixed field-of-view (Sobrino et al., 2008).  fjux and then to LST. RET thermodynamic approach solves
most of the problems of the actual evapotranspiration and soil
moisture computation. In fact it permits to avoid computing
the effective evapotranspiration as an empirical fraction of
the potential one.
The complete energy balance equation at the ground sur-
ce in FEST-EWB is expressed as:

2.5 Micrometeorological stations

An eddy correlation tower in the vineyard field (V) measured
the turbulent fluxes of sensible and latent heat and fi@es
above the canopy through the covariance between the verticz?l
wind velocity and respectively the air temperature, the water &
vapour density and Cfdensity. Moreover relative humid- g _ G _ (Ho 4 He)— (L Es+ L Ec) = Fcop+ Se + Sair+ Ss (1)
ity, air temperature, soil heat flux, soil temperature and the

four component radiation were measured. The systems werahere: R, (Wm~2) is the net radiation; (Wm~2) is the soil
installed at 410 cm height. The used energy fluxes were colheat flux, Hs and H. (Wm~2) and LEs and LE; (Wm~2)
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Fig. 2. Comparison between simulated and measured energy fluxes.

are respectively the sensible heat and latent heat fluxes faromparison due to problems in turbulent fluxes retrieval dur-
bare soil (s) and for canopy (c) and the energy storage termsng stable atmospheric conditions which are typical of night
the photosynthesis fluxfto,), the crop and air enthalpy (Wilson et al., 2002). Measured net radiation, latent and sen-
changes{canopyandsSair) and the soil surface layer heat flux sible heat fluxes and soil heat flux are then compared with
(Ss) (Wm~2). These terms are often negligible, especially at simulated fluxes from FEST-EWB simulation at 10 m spatial
basin scale with a low spatial resolution; instead at local scaleesolution and a good accuracy is reached showing high val-
the contribution of these terms could be significant (Corbariues of the slope of the linear regressions between measured
et al., 2010; Meyers and Hollinger, 2004). and simulated fluxes (Fig. 2).

FEST-EWB model is run at two different spatial resolu-  The goodness of these results is also confirmed from a
tions, of 10m and of 1000m, for the comparison with air- statistical analysis looking for the minimization of the root
borne and satellite data. mean square error and the maximization of the efficiency of
the Nash and Sutcliffe index (Nash and Sutcliffe, 1970). Net
radiation is the flux with the highest efficiency,equal to
0.99, and the lowest RMSE, equal to 30 W{nnstead the
latent heat flux has the lowestqual to 0.78 and the highest
RMSE equal to 44.4 W/#(Table 2).

4 Energy water balance model validation

4.1 Comparison with energy fluxes from eddy
covariance station

The closure of energy budget with fluxes measured at thet.2 ~Comparison with LST from AHS airborne

eddy covariance station is checked to evaluate the goodness radiometer

of measured ground data and the implication that has on the

interpretation of energy fluxes (Wilson et al., 2002; Corbari, RETs from FEST-EWB are selected for the same instant of
2010). The closure of the energy balance with raw dataLSTs AHS images, which have been resampled at the same
shows a linear regression forced through the origin equakpatial resolution of FEST-EWB images, equal to 10m. In
to y=0.773x with R2=0.946 (SEN2FLEX Final Report, Table 3 mean, standard deviation and RMSE of the differ-
2006; Su et al., 2008). Only daytime data are used for thissnces between LSTs from AHS and simulated RETs are
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60 -

Table 2. Nash and Sutcliffe index and RMSE for the energy fluxes. y =1.00x
50 4 R?=0.98
G 23
n RMSE (Wni2) <
Q 40
Net Radiation 0.99 30 = ’,}
LatentHeat ~ 0.78 44.4 b 30
Sensible Heat 0.89 27.8 W
Ground Heat  0.88 17.9 - 207
9 10 -
0 ‘ | | : : ‘

reported showing a good behaviour of the model in repre- 0 10 20 30 40 50 60
senting observed data. In particular, at this fine resolution, LST - AHS (°C)
the model as well as the AHS is capable in representing the go -

heterogeneity of the area that is strictly linked to vegetation y; _0'97X

type, growth vegetation period and irrigation. The mean dif- G %0 - R7=096

ference between RET minus LST from AHS has its maxi- @ 49 |

mum value during the night and is equal+d.24°C with a 5 AP 24 e

standard deviation of 0.7& and a rout mean square error of 5 30

3.36°C. If all 12 images are considered the total mean of the {’ 20 | o

mean differences of LSTs is equal t@.33°C with a stan- —

dard deviation of 1.26C; but when the daytime values are 810

compared, a mean value 0.15°C is reached. o

4.3 Comparison with LST from ground radiometers 0 10 20 30 40 50 60
LST - IN SITU (°C)

Daytime thermal infrared radiometric ground measurements 60 y=0.97x

are compared with land surface temperature retrieved from ¢, R*=0.95 ¢ /

AHS and with simulated RET for different types of crops. _ /

Considering all the data set, good results are found (Fig. 3)8 40 *

with low values ofR? and of the slope of the linear regres- £ 30 *e

sion between the different temperatures. In fact the mean<

difference between RET and in situ measurements is equaz) 20

to —1°C with a standard deviation of 1°@ and RMSE of

2.1°C. If in situ measurements and LST from AHS are com- 10

pared, the mean difference is equal to 9 (standard de- 0 ‘ ‘ ‘ ‘ ‘ ‘

viation=2.1°C and RMSE =2.8C). Good results are also 0 10 20 30 40 50 60

found comparing RET and LST from AHS with a mean dif- LST - INSITU (°C)

ference of—0.2°C and a standard deviation of 2@ and

RMSE=1.2C. Fig. 3. Scatter plots between LST from AHS, FEST-EWB and in

situ measurements.

5 Effect of the scale of resolution on LST spatial
variability 5.1 Daytime hours

s e comparonf cayime maps or 9 uy a 1345, )
. . : Shows a good behaviour of modelled RET in representing the
In this article the effect of the scale of resolution on LST spa- wsag viou n rep ng

. : ; ial h ity of LST i f AHS with simil
tial variability is studied. In particular LST maps from AHS spatial heterogeneity of LST image from AHS with similar

mean and standard deviation values (Table 4). These simple
and from MODIS and RET from FEST'EWB. are_compared statistics are also confirmed from the histograms that show
for two different dates, during daytime and nighttime, to un-

. a quasi bimodal distribution due to the distinction between
derstand the effect of scale resolution on land surface temper-

ature variability. Spatial resolution at increasing scale offersctoPS and bare soil (Fig. 4) (McQabe and Wood, 2006).

the possibility té understand the ability of MODIS resolution Moreover AHS and FEST-EWB histograms show at lower

to represent land surface temperature over extremely heter tl_?mperatures,. betWe?h 25 and°@5 a Io't of classes due to

geneous area (Kustas et al., 2004: McCabe and Wood 200(%he presence in th_e flel_ds of crops gt different growth stages
" ' ' ind of different soil moisture conditions.
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Table 3. Mean difference, standard deviation and RMSE between LST-AHS and FEST-EWB.

Date Time Mean LST9C) Standard RMSE°C)
(yymmdd) (FESTEWB-AHS) deviation {C)

Total mean - -0.33 1.26 2.46
Diurnal mean - -0.15 1.38 2.37
Nocturnal mean - -1.21 0.69 291
050712 13:56 0.88 1.62 2.72
050712 14:21 —-0.45 1.58 2.56
050712 00:07 -1.24 0.73 3.36
050712 00:32 -1.19 0.65 2.46
050713 9:52 -1.26 0.79 3.23
050713 10:15 -0.09 0.9 1.31
050713 13:46 0.62 1.83 2.69
050713 14:01 045 19 2.6
050714 10:03 -0.3 0.79 1.35
050714 10:23 0.13 0.85 1.39
050714 14:06 -0.71 1.69 2.7
050714 14:25 -0.78 1.83 3.12

of vegetation growth and the different soil moisture condi-
tions. In particular a good behaviour of FEST-EWB model
in representing LST image from AHS is shown with simi-
lar statistic values (Table 4). Moreover, during night time,

Table 4. Mean and standard deviation for the comparison betwee
LST from MODIS, AHS and FEST-EWB.

AHS FEST-EWB FEST-EWB MoODIS also MODIS and FEST-EWB (1000 m) coarser images can
(10m) (1000 m) represent this homogeneous thermodynamic characteristic of
13 July at 00:10 the area as _vveII as the high. rgsolution images (Fig. 5). In
. fact the four images have a similar mean value, ranging from
Pixel P 857229 38298 6 3 19.7°Cto 21°C, and small standard deviations (from 6CL
Mean LST ¢C) 21 19.9 20.1 197 1 4°C) (Table 4)
St. Dev. fC) 1.4 0.9 0.7 0.1 : - o ,
Moreover, this homogeneity is also confirmed from the
13 July at 13:46 frequency distribution graphs (Fig. 5) where, as expected,
Pixel rP 967450 38698 6 5 mean values of the three images are in the same class and
Mean LST fC) 42 429 43.8 41.3 alow variance is found.
St. Dev. ¢C) 8.8 9.6 3 1.2

6 LST aggregation effect and its spatial correlation

Instead if MODIS LST coarser image (1000 m) and RET Modelled RET and LST from AHS have been aggregated at
at the spatial resolution of 1000 m are considered, in Fig. 4subsequent increasing spatial resolution (50 m, 100 m, 500 m
itis clearly visible that they do not capture the strong spatialand 1000 m), keeping the same number of pixels of the 10m
heterogeneity of LST from AHS, but only the mean value image (Fig. 6), to understand their spatial variability and the
(Table 4). The lower spatial accuracy of MODIS and FEST- aggregation effect on some statistical parameters, such as the
EWB (1000 m) is also evident in the frequency distribution mean, the variance and the variation coefficient (CV).
graphs (Fig. 4). An interesting aspect of the spatial variability of land sur-
face temperature at different spatial scales is the analysis
of the mutual relationship between its values in each pixel.
The nightimages of 13 July at 00:10 are selected for the com:rh(?Se rglat|onsh|ps between different .LST pixel \{alues ata

i o define distance have been analysed with the spatial autocor-
parison and a strong homogeneity in land surface temperar—elation function (AC):
ture distribution for all the three different spatial resolutions '
is shown (Fig. 5). In fact the difference between crops and
bare soil is no longer visible, as well as the different stagesAC (d1,2) =

5.2 Nocturnal hours

E{[LST(X1) —p] -[LST (X2) — ]} @
2

(e
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Fig. 4. Frequency distribution for LST from AHS, FEST-EWB (10 m—1000 m) and MODIS for 13 July at 00:10.

(20 m—1000 m) and MODIS for 13 July at 13:45.
FEST-EWB

| o | & o090 o°F o°d o0
wherey is the mean and? is the variance of LST in sta- g i
tionary hypothesis, so that a stochastic process, whose join

probability distribution does not change in time or space, is ;¢
consideredx; andx; are the generic positions at a fixed dis-

od ood ood god Lod
tance d. The autocorrelation function has been studied unde : » ; i
isotropy hypothesis so thditis a function only of the distance
between two points and not of the direction.

LST map of 13 July 2005 at 13:46 was selected for this Fig. 6. RET from FEST-EWB (on top) and LST from AHS (below)

analysis. In Fig. 7 AC values are reported as a function ofat the different spatial resolutions of 10 m, 50 m, 200 m, 500 m and
distance for RET and LST from AHS at 10 m spatial resolu- 1000 m.

tion. The two autocorrelation functions are similar till 150 m

of distance, showing the good behaviour of the model inrep-  The aytocorrelation functions are also reported for the dif-
resenting the observed data at high spatial resolution. Moresgrent aggregation scales for FEST-EWB and AHS and sim-
over, as expected, AC values are equal to 1 at a 0 m distanGg,y resuits are obtained. Moreover, AC values decrease with
and decreases till values near zero as the distance betwegRy gistance but more slowly at a lower spatial resolution, due
the two pixels increases. The simulation has been stopped @} he increasing homogeneity of the area (Fig. 8).

560 m distance, because higher distances are of lower inter- The gutocorrelation functions for LST from MODIS and
est due to the scarce number of couples of LST points. ThissesT.EWB at 1000 m are compared to the AC functions of
result implies that the presence of bare soil or of differenty,qo aggregated images at 1000 m from AHS and FEST-EWB
vegetation types at different growth stages and the different,:ig_ 9). The two aggregated images, with similar behaviour,

soil moisture conditions are responsible of the relationshipy, e higher autocorrelation values than LST aggregated at
between pixels at different land surface temperatures. 1000 m.

www.hydrol-earth-syst-sci.net/14/2141/2010/ Hydrol. Earth Syst. Sci., 14, 21512010
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Fig. 7. Autocorrelation function for LST maps from FEST-EWB

. . Fig. 9. Comparison between autocorrelation functions of LST from
and AHS for 13 July 2005 at 13:46 at 10 m of spatial resolution. 9 P

MODIS, FEST-EWB and AHS at the spatial resolution of 1000 m.

1.2 —fest-10m [ . . . .
— fest50m gregation area further than the autocorrelation distance, pix-
1 —fest-100m els with higher difference of LST are included into the aggre-
—— fest-500m gation area. AHS and FEST-EWB aggregated images seem
08 —fest1000m to have a similar behaviour during this aggregation process;
Qo6 - instead, if the statistical parameters for LST from MODIS
and FEST-EWB simulated at 1000 m are considered, lower
0.4 1 values of variance and variation coefficient in comparison to
the ones of the aggregated FEST-EWB and AHS at 1000 m
0.2 1 are found.
0 ‘ ‘ ‘ ‘ ‘ 6.1 LST scale of fluctuation
0 100 200 300 400 500 600
distance m . . .
1.2 —ahs-10m | In the analysis of signal, the concept of scale of fluctuation
——ahs-50m (VanMarcke, 1983) can be used as a significant parameter to
L ——ahs-100m understand the spatial variability of a generic process. This
08 e 1| theory will be used to characterize land surface temperature
from FEST-EWB and from AHS.
Q 06 In particular for a stationary process, the scale of fluctua-
04 4 tion can be defined as:
a=IlimIr(A)-A 3)
0.2 1 A—>00
0 : : : : : wherel'(A)=02/0?, A is the aggregation area ang is the
0 100 200 300 400 500 600 variance of the aggregated process.
distance m I'(A) is linked to the correlation function as:
8 C b fation 1 for LS Ll Il
Fig. 8. Comparison between autocorrelation functions for LST 1 2
maps from FEST-EWB model at different spatial resolution of 10 m, F(4)= IiL> / / a- Tl)(l_ TZ)AC(dl’Z) dydy (4)
50 m, 100m, 500 m and 1000 m. —L2-L1

So the scale of fluctuation can also be expressed as func-

tion of the correlation function, as the volume below the AC
The more common statistical parameters have also beefunction:

analysed and, as expected, variances and CVs decrease 11 12

with increasing the aggregation area, while the mean val- / /AC(dl,z)-drdz
ues remain almost constant (Rodriguez-Iturbe et al., 1995?

(Fig. 10). In particular the variances can be interpolated ~ —£2-L1

as two power law functions and the passage between therif this hypothesis is verified:
seems to be located at the autocorrelation distance, equgly, AC(d12)=0 (6)
about to 500 m. This means that with the increase of the ag- 4, -

®)
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Fig. 11. Scales of fluctuation of LST for different aggregation areas.

whereg(wiwy) is the spectral density functiofi(wiwy) di-
vided by the variance at the scale of the process.ang are
the frequencies in the directiait andd,. The spectral den-
sity function is the Fourier transform of the autocorrelation
AC function.

In Fig. 11 the scales of fluctuation for RET and LST from
AHS are reported and grows with the growing of the ag-
gregation area very quickly, but fot >> « the scales of
fluctuation remain constant. This constant value, from the
definition of scale of fluctuation, is the estimate of the area
above which LST variance becomes insignificant for the pro-
cess. These results confirm the previous ones, showing that
the area of significance of this hydrological variable is equal
to the area defined from the autocorrelation function.

From these analyses, for a process at higher aggregation,
the variance tends to zero while the scale of fluctuation is
higher. So that the product between the scale of fluctuation
and the relative variance is constant:

@-0’=ay-02 (8)

These concepts can also be related to the hydrological mod-

Fig. 10. Comparison between the mean, the standard deviation an%”ing observing that a lumped model has obviously a bigger

the variation coefficient for LST from AHS and FEST-EWB at dif-
ferent spatial resolution (10 m, 50 m, 100 m, 500 m and 1000 m) an

LST from MODIS and FEST-EWB simulated at 1000 m.

Due to the fact that at different aggregation level an auto-
correlation function exists (Fig. 8), a scale function can be
defined for each spatial resolution, but only starting from the
highest resolution to the lowest one and not viceversa. In thi
way a can be used as a superior limit above which continu-
ing the aggregation process, the information about varianc

are lost.

S

e

cJevel of indetermination than a distributed model.

7 Conclusions

The representativeness of LST for a distributed hydrological

water balance model, FEST-EWB, has been analysed. The

hydrological model performed well for the whole period of
observation and was able to accurately predict energy fluxes
measured at an eddy covariance station and land surface tem-
perature spatial and temporal distribution in comparison to
in situ thermal infrared radiometric measurements, high and

The scale of fluctuation can be also written in the fre- low spatial resolution remote sensing images.
quency field:

a:47r2~g(0,0)

()
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Diurnal AHS images of LST at high spatial resolution, as

well as simulated RET from hydrological model, are able to

correctly reprodcue the strong spatial variability of the area
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with high standard deviation. On the contrary, MODIS im- Giacomelli A., Bacchiega, U., Troch, P. A., and Mancini, M.: Eval-
ages, due to the low spatial resolution, are able to detect only uation of surface soil moisture distribution by means of SAR re-
the mean LST value. Instead during night time, coarser im- mote sensing techniques and conceptual hydrological modelling,
ages spatial resolution seems to be sufficient to represent the J- Hydrol., 166, 445-459, 1995.

lower LST spatial variability of the fields showing the same Cillespie, A, Rokugawa, S., Matsunaga, T., Cothem, J. S., Hook,
statistics of higher resolution images. This observation high- S @nd Kahle, A. B.. A temperature and emissivity separation
lights the role of operative satellite that can be used in an as- algorithm for advanced spaceborne thermal emission and reflec-

oo . . tion radiometer (ASTER) images, leee T. Geosci. Remote, 36,
similation process into hydrological energy balance models. ;113 1126 1998

Moreover AHS and FEST-EWB aggregated images seeMyagper, K., Gurtz, J., and Lang, H., Advanced flood forecasting in
to have a similar behaviour during the aggregation process Alpine watershed by coupling meteorological and forecasts with
showing similar values of variance, CV and autocorrelation a distributed hydrological model, J. Hydrol, 267, 40-52, 2002.
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A constant value of the scale of fluctuation, above which ©€osci- Remote S., 4(1), 60-64, 2007.
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hed and iti  to the sianifi t f df th I., and Wolde, M.: Effects of remote sensing pixel resolution on
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