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Abstract: Land use representation influences numerical weather models, particularly near the
surface, where exchanges of heat and momentum are strongly influenced by terrain parameters.
This study focuses on evaluating how different land use datasets—MODIS (MLU) and CORINE
(CLC)—affect surface layer representation in the WRF model through its physical schemes and pa-
rameterizations. High-resolution simulations were performed over the southeastern Iberian Penin-
sula, comparing key near-surface variables: land surface temperature, 2-meter air temperature, and
10-meter air wind speed. Model outputs were validated against satellite products and in-situ sta-
tion observations. Results show that land use determines surface energy fluxes, with CLC generally
offering a more realistic representation and better agreement with observations. During daytime
2-meter air temperature seems to be highly influenced by changes in sensible and latent heat fluxes
partitioning, while land surface temperature has a greater impact during nighttime.

I. INTRODUCTION

Numerical weather prediction (NWP) models have be-
come an important tool in recent years with several ap-
plications in sectors such as agriculture, aviation, renew-
able energy, and urban planning. Numerical models are
influenced by many surface factors, most importantly by
orography, land cover, and soil moisture. The charac-
terization of the land use (LU) influences especially the
surface layer, which is the lowest part of the planetary
boundary layer (PBL) and it is a crucial input to repro-
duce realistic simulations (Boister et al| (2012))). Fur-
thermore, land cover is constantly changing due to indus-
trialization, built-up areas, and perturbation by humans
(Ellis et al| (2010)). Therefore, in recent years, signifi-
cant efforts have been made to generate more accurate
and higher-resolution LU information driven by the in-
creasing availability of satellite-based remote sensing.

The representation of land use regulates the available
energy and the exchanges of heat, moisture, and mo-
mentum between the land surface and the atmosphere.
These processes directly influence the calculation of me-
teorological variables, such as land surface temperature
(LST), air temperature, and wind speed. LU data are
typically organized into classification schemes that distin-
guish whether a region is covered by urban areas, forests,
wetlands, croplands, or water bodies among others. Each
LU category is further defined by a set of physical static
parameters, including roughness length, leaf area index,
albedo, emissivity, thermal inertia, soil moisture avail-
ability, and heat capacity. The characterization of LU
has been shown to play a critical role in the performance
of NWP models (Li et al.| (2018a); |Schicker et al.| (2016));
Li et al| (2018b)) and its effects are described by the
surface layer and land surface physical parameterization
schemes.

LU data commonly employed in NWP models include
the United States Geological Survey (USGS) dataset
(Loveland et al.| (2000))), the MODIS Land Use dataset

(MLU) (Brozton et al|(2014)), and, specifically for Eu-
rope, the CORINE Land Cover (CLC) dataset (EEA
(2019)). Recent studies have investigated the sensitivity
of the Weather Research and Forecasting (WRF) model
to different LU representations (de Bode et al.| (2023)),
Schicker et al| (2016))) and consistently highlight that
more realistic, accurate, and higher resolution LU data
significantly enhance model performance.

In this work, MLU and CLC datasets in WRF simula-
tions are compared with the aim not only of identifying
their impact on the simulation of key meteorological vari-
ables, but also of providing a physical explanation for the
observed differences. The study focuses on the southeast-
ern region of the Iberian Peninsula, an area of particular
interest due to its diverse land surface characteristics, in-
cluding a mix of soil types, extensive agricultural zones,
and land—water interface regions such as the Mar Menor.
This is achieved by analysing the representation of the
surface layer through land surface temperature, 2-meter
air temperature, and 10-meter air wind speed compared
with both in-situ observations and satellite data focusing
on the physical parameters that define each LU category.
The central hypothesis is that the choice of LU dataset
significantly influences surface—atmosphere exchanges of
energy, with higher-resolution datasets expected to yield
better results, as differences can be physically interpreted
through the parameterizations of each LU classification.

The structure of this study is outlined as follows: ini-
tially, the paper introduces the methodology followed
during the simulation tests in the section titled ”Method-
ology”. Subsequently, the sections ”Land use represen-
tation and land surface temperature” and ”Validation
of the air surface temperature and wind” present the
outcomes of these tests along with key statistical anal-
yses. The ”Discussion” section analyses the significance
of these findings, comparing them with results from other
authors. Finally, the conclusion section summarizes the
key findings and contributions of the study and outlines
potential areas for further research.
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II. METHODOLOGY
A. WRF Model setup

In this study, the WRF (Weather Research and Fore-
casting) model version 4.6 (Skamarock et al|(2019)) was
used to simulate meteorological variables over the study
area. WRF is a non-hydrostatic regional NWP model
developed mainly by NCAR (National Center for Atmo-
spheric Research) and its use is not only for research
purposes, but is also used for operational weather fore-
casting. Table [I] shows the general model configuration
used in this work. A two-way nested domain setup over
the selected area of interest was employed. The outer
domain (d01) covers a broader region with coarser hori-
zontal resolution of 3 km, while the inner domain (d02) is
nested within dO1 and provides finer horizontal resolution
of 1 km. The choice of 1 km for the innermost domain
corresponds to the limit for mesoscale models before ex-
plicit turbulence-resolving approaches (such as LES) are
required. The area covered by the domains d01 and d02
(which cover the southern part of the Region of Murcia)
is shown in Figure

For initial and boundary conditions, the NCEP FNL
reanalysis product has been used. The simulated period
chosen for this work involves 14 days starting on Septem-
ber 15, 2024, at 00:00 UTC and ending on September 29,
2024, at 00:00 UTC. This period has been selected be-
cause at the synoptic level, it presents stable conditions
(weather is anticyclonic), therefore the effects of the dif-
ferent land use characterization are more pronounced.
Regarding the physical parameterization, CONUS suite
has been used, which automatically selects the schemes
for radiation, microphysics, cumulus, planetary bound-
ary layer (PBL), surface layer and land surface model
described in table [ This model configuration was used
for two simulation experiments, changing only the static
land use datasets explored in this work, MLU and CLC.

B. Land Use data

As mentioned in section [[} land use data is one of the
most important static data that has an impact on nu-
merical models, since it regulates the exchange of heat
and momentum between the soil and the air. A different
representation of land use can have significant impacts
on meteorological simulations. In general, land use de-
scription is based on different classifications. Each classi-
fication has a list of categories such as urban, croplands,
shrublands, among others, which are characterized by
parameters such as roughness length, surface emissivity,
albedo and leaf area index (LAI) among others.

This work explores two different land use datasets, i)
MODIS Land Use (MLU) which has a resolution of 1
km and classifies the categories using MODIFIED IGBP
MODIS NOAH classification consisting of 21 categories
and ii) CORINE Land Cover (CLC) developed by [EEA

Master’s Thesis

Table I: Model configuration used for WRF simulations.
Domain, period of simulation and physical schemes op-
tions selected in this work. Sim 1 and Sim 2 represent
the different simulations using the corresponding land use
data: MLU means MODIS Land Use and CLC means
CORINE Land Cover.

do1l do2
Horizontal resolution 3 km 1 km
Dimensions (x, y, z) (84, 60, 45) (70, 49, 45)
Time step 18 6
Initial and boundary NCEP FNL
conditions d083002

Simulated period

Start 2024-09-15 00:00 UTC
End 2024-09-29 00:00 UTC
Radiation (ra_physics) RRTMG-4
Microphysics (mp-physics) Thompson-8
Cumulus (cu_physics) Tiedtke-6

PBL (bl_pbl_physics) MYJ-2

Surf. layer (sf_sfclay_physics) MY J-2

Land surf. (sf_surface_physics) NOAH-MP

LU data Sim 1 MLU MLU
LU data Sim 2 CLC CLC

(2019) which consists of 44 categories with 250 m of hor-
izontal resolution. In addition, a reclassification process
was applied to adapt the CLC dataset to the WRF USGS
classification with its corresponding 28 categories follow-
ing the methodology described by |Pineda et al.| (2004)).
This reclassification is essential because the WRF model
requires land use data to conform to specific classification
schemes, such as the USGS 28-category system.

The existing differences between MLU and CLC clas-
sifications and the spatial resolution (1 km in the case
of MLU and 250 m for CLC) can have an impact on the
representation of the land surface model in WRF, so we
aim to compare the model performance under these two
different land use datasets.

C. Land Surface Model

Changes in land use properties have several implica-
tions in the calculation of surface layer magnitudes, as
represented in the physical parameterizations employed
by numerical models, so we can determine what changes
we can expect varying the surface parameters described
in section [[TB] General WRF land-atmosphere interac-
tion physics consist of surface layer (sfclay) and land sur-
face model (LSM) schemes. The surface layer scheme de-
termines exchange and transfer coefficients for heat and
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Figure 1: Domain design and spatial configuration with nested domains d01 (outer) and d02 (inner). White triangles

represent observational points.

moisture to the LSM, which then provides land surface
fluxes of heat and moisture to the planetary boundary
layer (PBL). The surface schemes also provide friction
stress and water-surface fluxes of heat and moisture to
the PBL. Then, differences in land use characterization
by different surface parameters could impact on magni-
tudes that the land surface model is calculating. In par-
ticular, the parameters we are exploring here are: albedo
(), roughness length (zp), leaf area index (LAI) and
emissivity (e).

In order to understand how the surface parameters are
affecting magnitudes that land surface calculates, the fol-
lowing key equations have been examined from
(2023). The first one is the surface energy balance

SWi_SWT‘FLW,L_LWT‘FHpr,grd =SH+LH+GH (1)

where Sy and Ly are the shortwave and longwave
radiative fluxes, respectively, and arrows mean incom-
ing | and outgoing 1 radiation from the surface. Hp; gra
is the net precipitation heat flux advected to the bare
ground. SH and LH are the ground sensible and la-
tent heat fluxes, respectively, and GH is the ground heat
flux. First, in equation [1f Swy = Sw (1 — «), which im-
plies that albedo, that is the amount of solar radiation
that the surface reflects, plays a significant role in the
total available energy, and the terms on the right side of
equation SH, LH and GH can be modified. In addition,
Lyy+ is described as

Lw+ = ecTSK* (2)

where € is the surface emissivity, o is the Stefan-
Boltzmann constant, and TSK is the land surface tem-
perature. At the same time, sensible heat and latent heat
fluxes are calculated based on the bulk transfer relation-
ships as follows

Master’s Thesis

SH =po-Ch-Cp-U- (0 — ) (3)

LH =p, - Cw-Cru-U-(¢s — qa) (4)

where p, is the air density, C} is the air heat capac-
ity, Cry is the specific latent heat of water vaporiza-
tion, and U is the module of wind speed. 6, and 6, are
the air potential temperatures at the surface and in the
air, respectively. ¢s and ¢, are the specific humidity at
the surface and in the air, respectively. Note that 6, is
TSK calculated from the model. C}, and Cy are the
surface exchange coefficients for heat and moisture, re-
spectively. In addition, coefficient C}, is calculated based
on the Monin-Obukhov similarity theory, as:

K2

I (550) —om (2] P (550) o (572)]

where 2 is the von Karman constant, z is the height
above the ground, dy is the zero displacement height,
and L is the Monin-Obukhov length. ¢,, and ¢ are
the stability functions for momentum and heat transfer,
respectively, and z( is the roughness length. It is impor-
tant to note that z, appears inside the logarithmic terms;
therefore, an increase in the roughness length leads to a
higher value of the transfer coefficient C,. As a conse-
quence, the sensible heat flux SH also increases following
equation [3]

Roughness length, that is a measure of small-scale ir-
regularities of a surface, has not only an impact on sen-
sible heat flux, but also on wind speed. Equation [5| de-
scribes the vertical wind profile u(z) under neutral con-
ditions at the surface layer through a logarithmic semi-
empirical law:

Ch =
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Uy z z

u(z) = - [Zn (Zo> —H’/}(L)} (5)
where u, is the friction velocity which is related to
the turbulent transport of horizontal momentum at the
surface. Note that zg parameter will modify the surface
layer wind profile. Thus, if z increases (urban land use
or mountains), wind will decrease more near the surface.
This analysis will allow us to justify the differences in the

simulation results using different land use data.

D. In-situ data

Observational in-situ data were obtained from the op-
erational meteorological network of AEMET (Agencia
Estatal de Meteorologia), the national meteorological ser-
vice of Spain. The data were collected via its public
API service called AEMET OPEN DATA. Six stations
were selected within the higher resolution domain d02
and named by the original station code from AEMET
(see Table . The dataset spans 14 days from the sim-
ulation period defined in section m (2024-09-15 00:00
UTC to 2024-09-29 00:00 UTC). The stations temporal
reporting resolution is hourly, and although multiple vari-
ables are recorded, only 2-meter air temperature and 10-
meter wind speed were used for model evaluation, as they
are directly influenced by land surface characteristics and
measured according to WMO standards.

Table II: Geographic coordinates and altitude of meteo-
rological stations used in this study.

Station code Latitude Longitude Altitude (m)

7012C 37.60 -0.99 17
7031X 37.78 -0.81 4

7026X 37.74 -0.97 50
7023X 37.73 -1.17 140
7019X 37.64 -0.72 2.5
7012D 37.60 -1.02 55

E. Satellite data

Given the significant impact of land surface tempera-
ture LST represented with 05 in Eq. |3| on the computa-
tion of SH as shown in section [[TC] it is important to as-
sess the land surface temperature magnitude. Therefore,
data from satellite MODIS have been employed in this
work. MODIS incorporates a spectroradiometer that in-
fers the surface temperature by assuming the Earth’s sur-
face behaves similarly to a blackbody emitter and using
blackbody radiation theory. In this work, MODIS LST
MOD11A1 product data acquired from the MODIS Terra
sensor were employed to evaluate the land surface tem-
perature. Data are available via the NASA AppEEARS
portal. Although this measurement is not in situ, accord-
ing to some recent research from |Wang et al. (2019), the
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temperature bias between these data and the test station
is approximately 1 K, which is accurate enough.

Since we aim to compare satellite data with the two
simulation experiments using WRF, MLU and CLC land
use datasets, some considerations have been made. Dur-
ing the study period, the Terra satellite crossed the equa-
tor in descending orbit at 10:30 local time due to its
sun-synchronous orbit (which means that we have one
value per day). This was taken into account in order
to extract the same time stamp from the WRF model.
The MODIS LST product has a 1 km resolution, which
fits with the domain d02 horizontal resolution, but the
points of MODIS LST do not correspond exactly with
the WRF model grid. For this reason, the MODIS LST
data were re-sampled to match the WRF d02 grid points
in order to have the same shape in dimensions (time, x-
direction, y-direction) in both MODIS LST and WRF
datasets. In addition, data with cloud cover have been
excluded. Once this process is done, the analysis was
carried out for a l-month simulation, starting 2024-09-
15 00:00 until 2024-10-15 00:00, and the comparison was
made by comparing each WRF TSK value with the cor-
responding MODIS LST measurement at each grid point
within the d02 domain.

III. LAND USE REPRESENTATION AND
LAND SURFACE TEMPERATURE

This section is structured into two parts. Firstly, there
is the analysis of the land use representation over the
study area for the two land use datasets employed in this
work: MLU and CLC, with the aim of identifying the
primary differences and patterns among them. The sec-
ond part refers to a comparative study between the land
surface temperature outputs from the WRF simulations
(MLU and CLC) against the estimated LST from satel-
lite MODIS.

A. Land use representation in the study area

In order to compare the differences between the two
land use datasets, it is necessary first to analyse what
kind of land use category the WRF model is using over
the study area, because this category will determine the
land surface parameters to run the simulations.

Figure [2 shows the spatial distribution of the land use
categories for each dataset. The following similarities
and differences can be observed: Domain d02 is in both
cases divided by 11 land use categories. CLC seems to
be more realistic than MLU since it represents better
urban areas like the city of Cartagena (on the south),
the shrublands area around the coast (lower left side) and
also the needleleaf forest in the upper right side. Both
detect the cultivation area in the centre of the domain in
a similar way. In addition, CLC seems to better represent
the continent-water interface zones. These results agree
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with the spatial resolution of each land use dataset, since
the CLC has higher resolution than MLU as mentioned
in section [[Il

In addition, to carry out a more detailed analysis, Fig-
ure [3] presents the differences between the two datasets
(CLC minus MLU) for several surface parameters: rough-
ness length (Fig. [Bp), albedo (Fig. Bp), emissivity (Fig.
k), and leaf area index (LAI; Fig. [3{). The most no-
table differences in zg appear in urban and forested areas,
where CLC exhibits higher values. For albedo, the largest
discrepancies are found in the northwestern forested re-
gion of the domain and in urban areas. Regarding emis-
sivity, CLC shows lower values along the coast, while
presenting higher values over areas classified as cropland.
The LAI parameter shows only minor differences, with
isolated peaks of up to 0.3 in some locations.

Regarding the land use classification at the observa-
tional stations, Table [IT]] shows the land use categories
assigned for each dataset: MLU and CLC. Additionally,
since each category is characterized by physical param-
eters such as zg, €, LAI and «, Table [[I] also includes
the corresponding values for each dataset and their dif-
ferences. Significant differences in roughness length (zo)
between datasets are observed, particularly in station
7023X, where CLC classifies the site as urban (zg = 0.8
m), while MLU assigns shrublands (zp = 0.06 m), result-
ing in a difference of 0.74 m. Similarly, in 7012D, CLC
assigns a Shrubland/Grassland category with zg = 0.06
m, contrasting with the 0.8 m of the MLU Urban class.
Differences in LAI and albedo are also notable. In sta-
tion 7019X, CLC identifies a Wetland area with LAI =
0.053 and albedo = 0.14, whereas MLU classifies it as
Barren, assigning LAI = 0 and albedo of 0.25. Finally,
differences in emissivity are also remarkable. At station
7026X, CLC classifies the area as urban while MLU as-
signs croplands, leading to a difference in emissivity of
0.105, with higher values associated with MLU.

B. Comparison with satellite data

This section analyses the land surface temperature de-
rived from WRF for each corresponding land use dataset
(CLC and MLU) and how it compares with satellite data
from MODIS. To assess the agreement between WRF
surface temperature and MODIS LST observations, Ta-
ble [[V] shows the statistical metrics obtained, includ-
ing MAE, RMSE, and Pearson correlation coefficient r.
These metrics were calculated separately according to the
land use classification as defined by each dataset (CLC
and MLU) and mentioned in section In both the MLU
and CLC simulations, the urban and built-up category
shows the best results in terms of MAE, achieving values
of 2.03 K for MLU and 2.56 K for CLC, with the MLU
simulation exhibiting superior performance. Regarding
RMSE, the MLU exhibited 2.67 K and the CLC simula-
tion registered a value of 3.33 K. On the other hand,
shrublands category shows more advantageous results
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concerning the Pearson correlation coefficient r, with val-
ues of 0.57 for MLU and 0.59 for CLC. Finally, overall
statistical results indicated a global MAE of 2.899 °C
for the CLC simulation and 3.027 °C for the MLU sim-
ulation, showing that CLC has slightly better agreement
with the MODIS LST product but not by a large differ-
ence.

In order to determine the agreement and linearity
of land surface temperature, figure shows different
scatter-plots between WRF and MODIS LST surface
temperature divided by main categories of each simula-
tion dataset, such as cropland (Fig a,b), urban areas
(Fig[Ad] c,d), shrubland (Fig[AT]e,f) and grassland (Fig
g,h). Overall, points lie under the line y = z, which
means that MODIS LST shows lower values than WRF
TSK in both MLU and CLC simulations. The effect is
most pronounced in croplands for temperature ranges be-
tween 30 °C and 32.5 °C. The grassland category exhibits
the highest concordance between MODIS and WRF tem-
peratures with r = 0.56, indicating a relatively strong lin-
ear relationship in both simulations. Similarly, croplands
also show relatively high correlations with r = 0.52 in the
case of MLU and r = 0.54 for CLC, while urban areas
present comparable correlation coefficients with r = 0.52
in the case of MLU and 0.50 in the case of CLC. Regard-
ing the regression slopes, in both cases, it is close to one,
indicating a good representation of land surface temper-
atures in these areas. Conversely, the shrubland category
exhibits the weakest correlation with r = 0.32 in the case
of MLU and r = 0.36 for CLC, which means a larger dis-
persion in the data, potentially indicating greater uncer-
tainty in land use temperature estimates. Generally, the
CLC simulation tends to yield higher correlations and re-
gression slopes approaching one, in contrast to the MLU
simulation, across most land use categories.

IV. VALIDATION OF THE AIR SURFACE
TEMPERATURE AND WIND

In this section, the evaluation of the WRF model per-
formance is done through comparison with observational
data from six in-situ meteorological stations distributed
across the area of study. The comparison was conducted
over a 14-day simulation period, from 15 to 29 Septem-
ber 2024, as defined in Section [[ As shown before, the
two WRF simulations differ only in the land use dataset
employed: one using MLU and the other CLC.

The analysis focuses on two key near-surface meteoro-
logical variables: air temperature at 2 metres and wind
speed module at 10 meters. To better understand the ori-
gin of the differences observed between simulations using
different land use datasets, diagnostic variables related
to temperature and wind speed from some WREF surface
fluxes were examined. These include the TSK variable
and sensible and latent heat fluxes (SH and LH, respec-
tively), which mainly influence surface layer temperature,
as well as the friction velocity (u.), which plays a role in
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Figure 2: Land Use categories distribution over the domain d02 from the WRF model for the two datasets: MLU and
CLC. Black triangles correspond with stations listed in Table E Horizontal resolution of d02 is 1x1 km.
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Figure 3: Spatial distribution of differences in land surface parameters between the CLC and MLU datasets over the
study region (CLC - MLU). Positive values indicate higher parameter values in CLC compared to MLU.

modulating near-surface wind. The differences can also
be explained in terms of the land use parameters shown
in Table [[I]] such as zp, LAI fraction, and albedo.

A. 2-m temperature and surface parameters

Figure [4] shows the time evolution of 2-meter air tem-
perature, land surface temperature (TSK in the WRF
model) sensible heat flux, and latent heat flux at station
7012C using the CLC and MLU land use datasets. CLC
classifies the station point as an urban category, while
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MLU establishes barren land use. Results for daytime
show that, in general, the CLC simulation reproduces air
temperatures closer to observational data. In particular,
MLU simulation tends to underestimate daytime temper-
atures. This fact can be explained by looking at surface
heat fluxes. The sensible heat flux of the CLC simulation
presents higher values than the MLU, which means that
a greater portion of the available energy is being used
to warm the near-surface air. Meanwhile, the latent heat
flux in the case of the CLC simulation is zero, there is not
any latent flux at this point, while it is up to 200 W/m?
in the case of the MLU simulation, indicating that more
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Table III: Land use assignation in each in-situ location for the two datasets MLU and CLC. ZNT-C and ZNT-M is the roughness
length in each point for the CLC and MLU datasets and AZ is the difference. The same in the case of variables such emissivity,

LAI fraction and albedo.

Station LU-CLC LU-MLU |Z-C Z-M AZ|EM-C EM-M AEM |LAI-C LAI-M ALAI|ALB-C ALB-M AALB
7023X  Urban Shrublands| 0.8 0.06 0.74 0.88 0.95 -0.07 0.19 0.19 0 0.15 0.2 -0.05
7012D  Shrub/Grass Urban 0.06 0.8 -0.74 0.95 0.88 0.07| 0.188 0.188 0 0.2 0.15 0.05
7012C  Urban Barren 0.8 0.01 0.79 0.88 0.9 -0.02| 0.181 0 0.181 0.15 0.25 -0.1
7019X  Wetland Barren 0.2 0.01 0.19 0.95 0.9 0.05| 0.053 0 0.053 0.14 0.25 -0.11
7031X  Urban Evergreen 0.8 05 0.3 0.88 0.95 -0.07 0.12 0.12 0 0.15 0.12 0.03
7026X  Urban Croplands 0.8 0.15 0.65 0.88  0.985 -0.105 0.26 0.26 0 0.15 0.17  -0.02

Table IV: Evaluation results for each land use category comparing WRF land surface temperature with MLU and

CLC datasets against the satellite MODIS LST product.

MLU CLC

Land Use Category MAE RMSE r Land Use Category MAE RMSE r

Evergreen Needleleaf Forest 6.93 K 7.50 K 0.50 Urban and Built-Up Land 2.56 K 3.33 K 0.50
Evergreen Broadleaf Forest 547K 6.05 K 0.43 Dryland Cropland and Pasture | 2.64 K 3.43 K 0.52
Mixed Forests 3.50 K 4.51 K 0.48 Irrigated Cropland and Pasture| 2.94 K 3.59 K 0.55
Closed Shrublands 517K 6.11 K 0.32 Cropland/Woodland Mosaic 2.67 K 3.50 K 0.52
Open Shrublands 3.3 K 419K 0.57 Grassland 3.39 K 418 K 0.56
Grasslands 251 K 324 K 0.56 Shrubland 435K 520K 0.36
Croplands 245K 3.15K 0.52 Mixed Shrubland/Grassland 514 K 5.79 K 0.59
Urban and Built-Up 2.03 K 2.67 K 0.52 Evergreen Needleleaf Forest 6.83 K 7.37 K 0.59
Cropland/Natural Veg. Mosaic| 3.61 K 4.39 K 0.40 Water Bodies 445 K 497K 0.20
Barren or Sparsely Vegetated |4.19 K 4.77 K 0.42 Herbaceous Wetland 6.45 K 6.93 K 0.32
Water 6.47 K 6.90 K 0.24 Barren or Sparsely Vegetated 2.18 K 2.62 K 0.48

energy is being invested in phase changes rather than
directly heating the air. Due to energy conservation as
exposed in equation [1} these fluxes are balanced, so an
increase in one flux necessarily implies a reduction in the
other one (excluding the small fraction of ground flux).
Thus, the higher latent heat flux in the MLU simula-
tion results in less energy available for sensible heating,
which explains the lower near-surface air temperatures
observed in that case. This fact can also be explained
by examining the surface parameters shown in Table [ITI]
for station 7012C and the equations described in Sec-
tion [[TC} For MLU, the albedo is higher than in CLC,
which implies lower Sy, and therefore less available en-
ergy according to the equation [Il The roughness length
(z0) also contributes to this effect, as MLU has a lower
zo, according to the equation for the coefficient C} de-
scribed in section this clearly results in a lower SH.
During nighttime in this station, the MLU simulation
reproduces lower temperatures, while the CLC matches
the observed values more closely. Since sensible and la-
tent heat fluxes are near zero at night in both MLU and
CLC, this difference must be attributed to land surface
temperature. In the case of MLU, the skin temperature
is lower than in CLC, which leads to a lower 2-m air tem-
perature. Additionally, this behaviour can be physically
explained by differences in emissivity: for MLU, € = 0.9,
while for CLC, € = 0.88. According to Equation[2] higher
emissivity values lead to lower land surface temperatures.

Master’s Thesis

B. 10-m wind and momentum fluxes

Figure |5| shows the time evolution of 10-m wind speed
at station 7026X and the friction velocity for simulations
using the CLC and MLU land use datasets during the
simulation period. The MLU simulation overestimates
the wind speed compared to both the CLC simulation
and observations from the meteorological station, espe-
cially in the peaks of wind speed. On the other hand,
CLC simulation performs better compared with observa-
tional data. As well as in the case of temperature, these
differences can be explained based on the surface prop-
erties assigned in each land use dataset, and particularly
in the roughness length zo. As shown in Table [[TT, MLU
dataset assigns the point located at station 7026X to the
croplands category , meanwhile in the case of CLC this
point is classified as urban. The 2y parameter is higher
in the case of urban terrain (CLC) with 0.5 m than the
croplands category (MLU) with 2o value of 0.0692, this
difference in land use categories gives a Azg = 0.43. The
result of this discrepancy can be noted in the time evo-
lution of friction velocity, where CLC simulation shows
higher values of u, over the entire period. This means
that the lower roughness in the MLU simulation results in
reduced surface drag, allowing the wind to retain more
of its momentum and giving higher wind speeds at 10
meters.
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Figure 4: 2-meter air temperature, sensible heat flux
(SH) and latent heat flux (LH) evolution during the sim-
ulation period for station 7012C.

Windspeed evolution for station 7026X
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Figure 5: Module of wind and friction velocity (u.) evo-
lution during the simulation period for station 7026X.

To evaluate the global model performance under differ-
ent land use scenarios, statistical analysis was carried out
comparing observational data with both MLU and CLC
simulations in each one of the in-situ locations. Statis-
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tical parameters such as MAE, RMSE, Pearson r, Mean
Bias, and RBias (%) were obtained and are shown in
Table [V1

In general, results show that the WRF model presents
a better agreement with observational data when using
the CLC dataset compared to MLU, particularly for tem-
perature simulations, where the CLC configuration yields
lower MAE and RMSE values across most stations, and
a higher correlation coefficient r Pearson. For instance,
at station 7012C, the temperature MAE and RMSE un-
der CLC are significantly lower (0.831°C and 1.064°C,
respectively) than with MLU (2.182°C and 2.428°C).

For wind speed, the CLC simulation presents better
results in terms of MAE, RMSE and MBias, indicating
that the difference between observation and observational
values in case of CLC is lower than MLU simulation.
In contrast, MLU showed better results in terms of r
Pearson correlation in 4 of the 6 stations.

Table V: Evaluation results for in-situ data. Statistic
parameters MAE, RMSE, MBias and r comparison of
temperature and wind speed for each in-situ location.
Results marked in bold mean the best one.

Stat. Var LU MAE RMSE MBias r
Temp CLC 0.831 K 1.064 K -0.060 K 0.921
7012C MLU 2.182 K 2.428 K -2.130 K 0.896
Wind CLC 1.487 m/s 1.779 m/s 1.372 m/s 0.716
MLU 1.879 m/s 2.209 m/s 1.816 m/s 0.746
Temp CLC 1.058 K 1.364 K -0.113 K 0.897
7012D MLU 1.127 K 1.504 K -0.117 K 0.872
Wing MLU 1.515m/s 1.987m/s 1.354m/s 0.715
CLC 2017 m/s 2.505m/s 1.887 m/s 0.766
Temp CLC 0.814 K 1.123 K 0.151 K 0.882
7019X MLU 2.154 K 2.463 K -2.068 K 0.809
Wing CLC 1.182m/s 1608m/s 0.109m/s 0.706
MLU 1.188 m/s 1.564 m/s -0.105 m/s 0.737
Temp CLC 1.236 K 1.595 K 0.892 K 0.951
7026X MLU 1.167 K 1.411 K -0.414 K 0.936
Wind CLC 1.509 m/s 1.785 m/s 1.411 m/s 0.771
MLU 1.939m/s 2.276 m/s 1.882 m/s  0.766
Temp CLC 1.058 K 1.356 K 0.385 K 0.897
7031X MLU 1.436 K 1.742 K -1.049 K 0.878
Wind CLC 1.187 m/s 1.588 m/s -0.698 m/s 0.657

MLU 1.313m/s 1.704m/s -1.052m/s 0.677
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V. DISCUSSION

Our initial hypothesis has been confirmed, as the re-
sults show that CLC (the higher-resolution dataset) pro-
vides a more realistic representation of land use cate-
gories than MLU (Fig 7 consistent with the findings of
Bachantourian et al.|(2022) and|Schicker et al.|(2016]). In
MLU, some categories are missing, while CLC captures
them well, particularly in urban areas. These differences
significantly affect roughness length, albedo, and emis-
sivity, although not much influence on LAI. The TSK
simulated by the WRF model generally agrees with the
MODIS LST values. Compared to |[Kadaverugu| (2023),
our results show consistently higher or comparable val-
ues. For urban areas, we obtained r = 0.52 (CLC), im-
proving upon their January values (r = —0.07 to 0.48). In
croplands, our correlations (r = 0.52 for MLU and 0.55
for CLC) exceed those reported by the same authors (r =
0.11-0.44). For forests, we reached up to r = 0.59 (CLC),
compared to 0.23-0.58 reported in |Kadaverugu| (2023)).

Regarding the 2-meter air temperature, it was found
that SH and LH differences significantly impact daily
values, while TSK is the most relevant variable for the
nightime period. CLC tends to produce better results
than MLU in terms of r, MAE, RMSE, and MBias across
most in situ stations, which aligns with the findings of
Golzio et al|(2021)), where lower MAE and RMSE values
were reported for CLC compared to MLU. For 10-meter
wind speed, changes in the zy parameter impacted the
friction velocity u,, and consequently, on wind speed.
This leads to a reduction in the systematic overestima-
tion of wind speed peaks also identified by |Wang et al.
(2025) for all PBL schemes at velocities above 5 m/s.
Similarly to the 2-meter air temperature results, CLC
outperformed MLU when compared with observations in
terms of r, MAE, RMSE, and MBias in most stations,
consistent with the results of |Golzio et al.|(2021)).

However, this study has some limitations to be consid-
ered. First, the simulation period spans only 14 days
within a single season, limiting the assessment of the
model’s sensitivity to LU changes across different sea-
sonal conditions. Second, the geographical scope is con-
fined to the southeastern Iberian Peninsula, reducing the
generalizability of the results to other regions with dis-
tinct surface characteristics. Third, the use of only six in-
situ meteorological stations could be improved by incor-
porating additional sites. Finally, the comparison with
satellite data was limited to a single daily value. Future
improvements could involve the integration of in situ LST
observations, which would allow a more accurate repre-
sentation of the daily evolution.

VI. CONCLUSIONS AND FUTURE WORK

This work assesses the impact of land use input for
the surface layer representation in the mesoscale mete-
orological model WRF from different land use data: i)
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MODIS Land Use (MLU) and ii) CORINE Land Cover
(CLC). The methodology uses both in-situ data from me-
teorological stations and satellite observations to validate
different surface layer magnitudes such as land surface
temperature, 2-meter air temperature, and 10-meter air
wind speed over a 14 days simulation in the southeastern
Iberian Peninsula. We can highlight some conclusions
and point out directions for future research.

e Accurate higher-resolution land use representa-
tion increases NWP performance. In particular,
CLC shows improved representation of urban ar-
eas, shrublands and evergreen needleleaf forest cat-
egories, and yields better agreement with both in-
situ and satellite observations for land surface tem-
perature, 2-meter air temperature and 10-meter
wind speed when compared to MLU in terms of
statistical parameters MAE, RMSE, MBias and r.

e WRF TSK generally overestimates MODIS LST,
with best agreement found in urban and cropland
areas; overall, CLC simulations present slightly
higher correlation and lower errors than MLU.

e For 2-meter air temperature, daily values are
mainly influenced by sensible and latent heat fluxes
partitioning, while land surface temperature has a
greater impact on nightime periods. CLC fits bet-
ter with observations due to a changes in surface
parameters as albedo and emissivity.

e A more accurate representation of the surface
roughness length leads to a reduction in the over-
estimation of 10-meter wind speed due to a differ-
ences in friction velocities.

e Higher-resolution and more up-to-date land use
datasets, such as CLC, improve the model’s abil-
ity to represent transition zones between land cover
types, especially in heterogeneous areas like urban,
where multiple land uses coexist at small scales, of-
ten in close proximity to other categories and sub-
ject to rapid temporal changes. Finer spatial res-
olution helps the model assign more representative
surface categories in these complex environments.

One potential extension of this study would be to ex-
plore the impact of land use characterization under ex-
plicit large-scale turbulence-resolving using WRF-LES
and improving surface layer representation. Finally, al-
though some authors have already applied this approach
to air quality studies|Tao et al. (2018)), there is limited
literature in the state of the art. Applying this method-
ology to chemical transport models such as CHIMERE-
WRF (Menut et al| (2024)) represents a promising re-
search direction, since meteorological magnitudes have
an influence on chemical reactions and pollutant disper-
sion.
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VII. APPENDIX
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Figure Al: Scatter plot comparing WRF model surface skin temperature (TSK) and MODIS LST for different land
use categories (croplands, built-up, shrublands, and grassland areas) and land use dataset (CLC and MLU). Linear
regression and y = x lines are included for each category.
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