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1 INTRODUCTION

The most complicated and extremely diverse pattern of atmospheric
boundary-layer processes relate to a complex terrain in response to a multiplicity
of forcing factors, acting primarily at the mesoscale and microscale [1-12].
Terrain and land-use inhomogeneity cause thermal circulation domination under
quiescent conditions, or significant modification of the large-scale synoptic flow
[13-14].

In addition to natural factors urban areas affect considerably local
microclimate. It is noteworthy that 54% of the world’s population (almost 4
billion) now lives in urban, rather than rural areas. This is expected to swell to
66%, or more than 6 billion, by 2050 [15], as cities become centers of human
activity that provide more opportunities for realization. Intense modifications of
land surfaces occur through urban development [16], for example, the use of
high heat capacity material for construction and roadways affects local
microclimates. The differences in energy balance, temperature, humidity, and
storm runoff between urban areas and rural surfaces are substantial.

The application of numerical modelling to investigate fundamental
scientific tasks and solve operational tasks became more significant with the
rapid development of new technology and computer science during the last few
decades. This made the problem of improving numerical forecasts an
increasingly salient issue, the resolution of which is highly significant to serving
society’s needs. Noteworthy efforts in improving operational model predictions
were made on high-resolution atmospheric modelling in complex terrain.
Correctly treating the land surface properties is becoming increasingly important
for meteorological models to be able to capture local mesoscale circulation
induced by land surface forcing [17]. The main findings from a number of
studies are the importance of better description of thopography and land-use
inhomogeneity leading to better description of urban atmospheric processes such
as clouds and precipitation, heat transfer and convection.

Sofia city is located in very complex terrain in close proximity to Vitosha
mountain and better description of the topography is necessary. The standard
surface datasets distributed with WRF model is global digital elevation
(GMTED2010) and US Geological Survey land-use (USGS) datasets with
resolution of 30-arc-second, approximately 1 km at 45° latitude. More recent
MODerate resolution Imaging Spectroradiometer (MODIS) land-use dataset,
modified in the International Geosphere-Biosphere Programme Data and
Information System (IGBP-DIS) DISCover are also available for modelling
community with resolution of 30-arc-second and 15-arc-second (approximately
500 m at 45° latitude).

Two new datasets have been implemented and adapted in this study: SRTM
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1-arc-second (approximately 30 m at considering latitude) digital elevation data
(SRTM, NASA,; https://lta.cr.usgs.gov/SRTM1Arc) and the more recent
CORINE 2012 with 3-arc-second resolution (approximately 90 m at the same
latitude) Land Cover data (CLC2012, EEA; https://land.copernicus.eu/pan-
european/corine-land-cover/clc-2012) for Europe. A methodology describing
preparation of both static data field is presented. A comparison between
modelling results obtained with rough and fine topography data, from one side,
and different land-use category datasets, from the other side, are in the main
focus of this study. The model performance is estimated by comparison against
observations at singular data points.

2 MODEL SET UP

The well-known Weather Research and Forecasting (WRF) model, version
3.8.1 is used for the numerical experiments. WRF is a state-of-the-art
atmospheric modelling system, designed for broad range of applications. These
include idealized simulations for investigation of specific physical processes in
the atmosphere, data assimilation, and operational forecast.

High resolution numerical modelling in both directions - horizontal (500
meters step) and vertical (50 irregular stretched vertical levels with greater
density in Planetary Boundary Layer - PBL) is required for this study. Two
major changes are introduced into the model in order to evaluate some
improvements in its performance. A new dataset of topography with 1l-arc-
second resolution, and new physical surface properties via a more accurate land-
use dataset with 3-arc-second resolution are implemented to WRF. A
reclassifying procedure is carried out to adapt the new information from
CORINE Land Cover 2012 to the existing into the model surface properties
from USGS dataset.

Four nested domains are used based on a Lambert Projection (Figure 1),
which essentially covered Balkan Peninsula (Domain 1, D1), Bulgaria (Domain
2, D2), Western part of Bulgaria (Domain 3, D3) and Sofia Valley (Domain 4,
D4). D1 has 36x44 grid points in the horizontal with 32-km grid-point spacing;
D2 - 73x65 8-km cells respectively; D3 - 69x97 2-km cells, and D4 cover Sofia
Valley with 157x129 cells with resolution of 500 m.

The initial and boundary conditions (for the parent domain D1) is derived
from the 0.25 degree NCEP Final Operational Model Global Tropospheric
Analyses (http://rda.ucar.edu/datasets/ds083.2/) on every 6 hours. This product
comes from the Global Data Assimilation System, which continuously collects
observational data from the Global Telecommunications System. Data
assimilation (fdda model option) is used for domain D1 at all vertical levels and
for domains D2, D3 only above closest to the ground 10 model levels The fdda
option did not apply for the most inner domain of specific interest.
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E,
Fig. 1. Domains used for numerical calculations with extended view of Sofia valley (500 m grid)

The WRF physics package includes: a sophisticated microphysics scheme
[18], the Rapid Radiative Transfer Model (RRTM) longwave radiation
parameterization [19], Dudhia shortwave radiation parameterization [20], Noah
land surface model [17]. Simplified Arakawa - Schubert cumulus
parameterization [21] is used only for domains D1 and D2. For high resolution
domains D3 and D4 cumulus formation is resolved explicitly by the
microphysics. The most sensitive to local surface inhomogeneity are surface
fluxes and skin temperature which depend strongly on surface schemes and
related PBL schemes used for simulations. Due to this reason most of the
available in WRF model PBL schemes and corresponding surface schemes are
used and compared. These include: Asymmetric Convective Model - ACM2
[22], Bougeault and Lacarrere - BoulLac [23], Mellor-Yamada-Janjic - MYJ
[24], Mellor-Yamada Nakanishi and Niino Level 2.5 — MYNN2.5 [25], Mellor-
Yamada Nakanishi and Niino Level 3 - MYNN3 [25], Quasi-Normal Scale
Elimination - QNSE [26], Bretherton and Park — UW [27] and Yonsei University
- YSU [28].

3 METHODOLOGY FOR IMPLEMENTAION OF HIGH RESOLUTION
EVEVATION AND LAND-USE DATA

WRF uses WPS (WRF pre-processing system) to prepare the boundary and
initial condition fields for real-data numerical simulations. WPS is a set of three
programs and each of the programs performs one stage of the work: geogrid
make the initial fields and interpolates static geographical e.g. terrain and the
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land cover data, to the specific domain grids; ungrib extracts meteorological
fields from global NCEP GRIB-formatted files; and metgrid horizontally
interpolates the meteorological fields extracted by ungrib to the model grids
defined by geogrid. WPS produces a specific readable binary format files for
each field. Therefore to use other than the standard datasets in WRF model it is
necessary to convert the downloaded data into WPS readable binary format.
There are a number of available software solutions to transform the originally
downloaded datasets, the most prominent of which are ARCGIS. We use R
language in this work however [29].

3.1PROCEDURE OF HIGH RESOLUTION TOPOGRAPHY DATA PREPATION

The dataset is download from the digital elevation NASA database
SRTM1Arc (https://lta.cr.usgs.gov/iSRTM1Arc). A visualization tool, such as
EarthExplorer (http://earthexplorer.usgs.gov/), is needed to visualize and select
only the area corresponding to domain use for the numerical simulations. The
selection of the appropriate area allow to download only a part of the full global
dataset. The SRTM data for the region between 22" - 24" meridian and 42" -
43" parallel are downloaded, merged and saved in an ASCII formatted file. A
slightly modified version of Fortran90 code, provided by Lorenzo Giovannini
(Atmospheric  Physics Group Department of Civil and Environmental
Engineering, University of Trento) [30] and C program, distributed with the
WPS source code, are used to convert the ASCII file into a WPS readable binary

2300

topography_1s

100' Real | Topography 30s | _Topography Is
Observation site height | Height |Difference| Height | Difference
| [m] [m] [m] [m] [m]
Sofia - NIMH 588 589 1 590 2
Sofia - Druzhba 548 547 1 546 2
Sofia - Nadezhda 534 533 1 534 0
0 Sofia - Hipodruma 581 579 2 582 1
Sofia - Pavlovo 606 612 6 607 1
Sofia - Borisova Gr. 577 572 -5 570 7
T Al Y e Dragoman 716 726 10 719 3
a5 E e G s MR e ., Cogl Kopitoto 1321 1235 -86 1285 36
, : L = s, Cherni Vrah 2286 2209 77 2249 37
100 I Murgash 1435 1404 31 1421 14

Fig. 2. Topography with 30 and larc-seconds and map of the domain from Google Earth (the
upper panel); map of the difference between both datasets and table with differences for specific
sites of model validation (down panel).
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format. Very important part of the procedure is creation of index file describing
all necessary information for the dataset and its geo-oriented projection. The
GEOGRID.TBL file must be changed, adding the path to new dataset and
describing the type of interpolation to be used. The pre-processing system is able
to implement the new topography field via geogrid module.

Figure 2 shows comparison between coarse and high resolution topography
data. The difference is in range £100 m with the major deviation at high
elevation points. High resolution topography reduces the difference in
comparison with the real elevation for more of the observational sites, most
significant for Kopitoto (50 m reduction) and Cherni Vrach (40 m reduction).
The change at the Sofia Valley bottom is not significant.

3.2 PROCEDURE OF HIGH RESOLUTION LAND-USE DATA ADAPTATION

U.S. Geological Survey (USGS) Global Land Cover Characteristics data
are based on 1-km Advanced Very High Resolution Radiometer (AVHRR) data
spanning April 1992 through March 1993. The MODerate-resolution Imaging
Spectroradiometer (MODIS) land cover data are coming from the instrument
operating on both the Terra and Aqua spacecraft with last update from 2006.
Coordination of Information on the Environment (CORINE) programme was
initiated in the European Union in 1985. CORINE based on Earth observation
satellite data available on a regular basis and updated on every 5-10 years with
current update from 2012.

The CLC2012 dataset (http://land.copernicus.eu/pan-european/corine-land-
cover/clc-2012) consists of 44 land categories and differ from the standard
USGS land-use dataset with 24 categories. Some CORINE -categories is
combined following the paper of Pineda et al. [31] and adapted to the USGS
dataset with the same surface parameters of corresponding land category (heat
capacity, moisture properties, albedo, roughness etc.). The downloaded data
should be clipped for the region of interest and remapped into 24 USGS
categories.

R language is used for the procedure similar to transformation of the
topography dataset — convert the ASCII file into a WPS readable binary file,
construct the index file, and finally add the path to new dataset and describe the
type of interpolation into GEOGRID.TBL.

Comparison between all four available land-use datasets (three distributed
with WRF public version and one new (CORINE adopted to USGS) is shown in
Figure 3. Urban areas grow very fast during the last decades (including Sofia)
and USGS data do not represent well the current stage of the urban cover. More
recent Modis_30s data with the same resolution as USGS (30 arc-sec) displays
better the city extension (Figures 3a, 3b). From the other side, high resolution
data provide more details on horizontal inhomogeneity and Modis_15s (Figures
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3c) better represent details such as small villages and suburban areas, which are
not visible in Modis_30s data. The most recent CORINE_3s data has finest
resolution and better describe urban area and city park areas, missing in
Modis_15s data (Figures 3d).

a

USGS_30s

Modis_30s

Modis_15s

CORINE _3s

Fig. 3. Visualization of urban area that relate to different datasets: USGS_30s (a), Modis_30s (b),
Modis_15s (c) and CORINE_3s (d), adapted to USGS categories.
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Fig. 4. Correspondence between different land-use categories in Modis_15s and CORINE_3s.




The correspondence between different land-use categories in high
resolution datasets Modis_15s and CORINE_3s is shown in Figure 4. Only
presented land-use categories in the area of interest are included in this
comparison. There are some differences between categories in both datasets and
complete correspondence is hardly to expect. For example, CORINE_3s works
with categories "Dryland cropland and Pasture", “Cropland/Woodland Mosaic”
and “Mixed Shrubland/Grassland”, while Modis 15s uses corresponding
categories “Cropland/Natural”, “Croplands”, “Grassland” and “Closed
Shrublands”. Due to this reason, part of each category from CORINE is spread
around different similar or mixed type categories in Modis_15s. The main
agreement we have for the categories “Croplands” - 22.2% and “Deciduous
Broadleaf Forest” — 15.0%. Approximately a half (4.9%) from the total coverage
(10.1%) in CORINE_3s by "Urban and Built-up™ category correspond to the
same category in Modis_15s dataset. The total coverage by "Urban and Built-
up" category in Modis_15s is 8.5% - less than in CORINE_3s dataset. We have
to expect difference in parameters of surface characteristics between both land-
use datasets, which will affect the surface fluxes and main meteorological fields
near the surface.

4 RESULTS AND DISCUTION

The main goal of this study is to estimate possible improvement on model
results for Sofia valley and surrounding mountains. All available observations —
six sites located in Sofia (Borisova Gradina, NIMH, Druzhba, Hipodruma,
Nadezhda, Pavlovo), one in Sofia Valley (Dragoman) and three mountain
stations (Cherni Vrah, Murgash, Kopitoto) are used to estimate the model
performance. Four of the sites are part from the national meteorological network
operated by National Institute of Meteorology and hydrology (NIMH, Cherni
Vrah, Murgash, Dragoman) with data taken manually on every 3 hours (synoptic
stations) and the rest are automatic stations operated by Bulgarian Ministry of
Environment and water (Druzhba, Hipodruma, Nadezhda, Pavliovo, Kopitoto)
and Sofia University “St. KI1. Ohridski” (Borisova Gradina). Both static field —
topography and land-used affect the near surface fields of temperature and
humidity.

The selected case study covers 3 days (13-16 August, 2016) with
considering 12 hours of spin-up. This period is characterized with anticyclonic
fair weather, dry (low humidity) and quiescent (wind speed <5 m s at 850-hPa)
conditions. Observations are available for temperature and relative humidity at 2
m in the area of interest. Due to described above reasons, only temperature is
used for model validation as representative for any significant differences
expected. The effect of moisture and wind is insignificant and substantial
changes using different topography and land-use datasets is not registered.
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4.1. HIGH RESOLUTION TOPOGRAPHY DATA - EFFECT ON MODEL PREDICTION

Two model runs are carried out using 30 s or 1 s resolution topography
datasets and Modis_15s land-use dataset. The effect of more accurate
topography representation leads to variance mainly in heat fluxes, skin and near
surface (at 2 m) temperature. Both sites with significant difference in elevation
from both topography datasets, Kopitoto - 50 m and Cherni Vrah - 40 m (see
table in Figure 2) are shown as an example in Figure 5. The effect of using high
resolution topography data is most significant at the mountain region showing
reduction in temperature approximately with 1 — 1.5 degrees (Figure 5). WRF
underestimates day and overestimate night temperatures at these sites in general.
The difference in model results is more significant for temperature maximum
prediction. Questionable improvement in model performance for temperature
minimum is found. The effect of high resolution topography on model
performance at the Sofia Valley is insignificant due to very small differences
between both datasets.

Kopitoto - QNSE o 1 Cherni Vrah - BouLac
— 30s topog — 1s topog © © Observ 5 — 30s topog — 1s topog © © Observ

9
)

0ue0
8 o : : : : 2 : : : : :

8/13/16 12:00 8/14/16 0:00 8/14/16 12:00 8/15/16 0:00 8/15/16 12:00 8/16/16 0:00 8/13/16 12:00 8/14/16 0:00 8/14/16 12:00 8/15/16 0:00 8/15/16 12:00 8/16/16 0:00

Fig. 5. Example of comparison of near surface temperature (in °C) calculated with rough (30 s)
and high (1 s) resolution topography against observations for two selected sites and PBL schemes

Table 1. Comparison between Mean Bias and Mean Error for all considering PBL schemes and
both topography datasets with different resolution

Topography 30s Topography 1s
PBL scheme Mean bias Mean error Mean bias Mean error
ACM?2 0.80 1.36 0.44 1.19
Boulac 1.06 1.24 0.66 1.04
MY 1.04 1.24 0.65 1.01
MYNN2.5 0.57 1.32 0.21 1.16
MYNN3 -0.15 1.18 -0.50 1.32
QNSE 0.86 1.15 -0.50 0.94
Uw 0.89 1.12 0.52 0.95
YSU 0.67 1.16 0.34 1.11

A simple statistics is calculated using data for three available mountain
observational sites — Kopitoto, Cherni Vrah and Murgash. Table 1 shows model
evaluation for all considering PBL schemes in this study, comparing the results
from runs using different topography datasets (with 30s and 1s resolution).
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Slight improvement is registered for all PBL schemes except MYNNS3,
which provides the worst results in this study and behaves differently
(significantly underestimate day temperature; see Figure 8) from the other
schemes. QNSE and UW schemes show the best performance, following by
MYJ and BoulLac. More of the PBL schemes demonstrate small positive mean
bias (less than 0.7°C), two of them (MYNN3 and QNSE) negative (-0.5°C).
Mean error is approximately 1°C and show reduction of modelling errors for all
schemes (except MYNN3) using new implemented in WRF topography.

4.2. HIGH RESOLUTION LAND-USE DATA - EFFECT ON MODEL PREDICTION

Two model runs are carried out using high resolution (1s) topography and
different land-use datasets (CORINE and USGS). Some categories from
CORINE was combined and adapted to USGS dataset, as was already mentioned
in section 3.2. Comparison between adapted CORINE and USGS maps show
significant difference (Figure 6). The “Urban and Build-Up” category covers the
extended city area in CORINE and replace “Dryland Cropland and Pasture” and
“Cropland/Grassland/Pasture categories surrounding Sofia city in USGS data.
Two of the observational sites NIMH and Druzhba are outside of the city area on
USGS map. There is some difference in other categories also, for example city
parks are treated as mixed forest and are not represented on USGS map.

B
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Cortys < s bgwnb sy v

Fig. 6. Comparison of different land categories mapped using USGS (30 s) and adapted CORINE
high resolution (3 s) land-use data

Model performance is estimated using both land-use datasets with 8
different PBL schemes. A scatterplot and coefficient of determination (r?) are
shown in Figure 7. There is notable improvement in model results produced by
all different PBL parametrizations using high resolution adapted CORINE data.
More of the schemes have coefficient of determination more than 0.9. QNSE
scheme shows the best result (r>=0.93).

Some of the observational sites show better agreement with measurements
than others. One example comparing different sites, located in Sofia (modelling
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Fig. 7. WRF evaluation for eight PBL schemes using USGS and adapted CORINE datasets.
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Fig. 8. Evaluation of different observational sites for modelling results using adapted CORINE
land-use (left panel) and comparison of temperature at 2m for all PBL schemes at selected sites
(right panel).

result using QNSE scheme) is shown in Figure 8. Very good agreement with
observations is recorded at Borisova Gradina, Nadezhda and Pavlovo sites
(r>=0.97). WRF underestimates the maximum (day) temperature at two sites
Hipodruma and Druzhba, and overestimates the minimum (nocturnal)
temperature at NIMH site (not all sites are shown in Figure 8). A shift in time
with 1 hour regarding calculated temperature minimum is found at Druzhba,
Hipodruma, Pavlovo and Nadezhda sites. Very fast drop in temperature after the
sunset at NIMH site is not captured by the model and leads to more significant
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difference in the time when temperature minimum occurs. Shift with 3 hours
later appears in modelling results with all considering PBL schemes in
comparison with observations. According to observations the minimum recorded
at NIMH occurs at midnight and 3 am for the considering period, but the
minimum calculated by the model appears at 5-6 am - early morning, which is in
accordance with the remainder of the observational sites at Sofia city.
Agreement with observations when temperature minimum occurs is registered at
Borisova Gradina only. All sites, except Borisova Gradina, are located in urban
area according to model’s land cover map (see Figure 6). In spite of high
resolution input data, an interpolation apply to create average land cover
category for each model grid cell with 500 m resolution. The land category with
the greatest weight is taken ("Urban and Built-up” for example) and small parts
with different land categories such as “Dryland Cropland and Pasture” or
“Cropland/Grassland/Pasture, typical for small parks are not considered in the
model. Note that more of the sites are located in open space areas between the
buildings, for NIMH site - large open field. The inconsistency with the land
cover at the observational site affect the surface properties and probably is the
reason for the shift in temperature minimum of modelling results.

l | '
14-08-2016 09:00:00 - - 14-08-2016 20:00:00

Fig. 9. Difference (CORINE - USGS) between ground head fluxes calculated using different land-
use datasets; model data with MYJ PBL scheme are shown at 09 and 20 on August 14, 2016.

WRF model provide output for main fluxes at the ground — surface
sensible, latent heat and ground heat fluxes that balanced the total net radiation
(incoming and outgoing shortwave and longwave radiation). The difference in
horizontal fields between model results using adapted CORINE high resolution
data and USGS data is shown for the ground heat flux for one PBL scheme -
MY at selected times (Figure 9).

Significant variances are displayed in the field of ground heat flux for the
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urban and park areas that appears in Sofia city using adapted CORINE data.
Different land categories have diverse surface thermal properties such as thermal
inertia, surface heat capacity, surface emissivity and albedo (see Table 2).
Thermal inertia is a physical parameter representing the ability of a material to
conduct and store heat, and in the context of planetary science, it is a measure of
the sub-surface's ability to store heat during the day and reradiate it during the
night. Materials with high thermal inertia value show less temperature amplitude
during a full heating and cooling cycle (day heating and night cooling process)
than those with lower thermal inertia. For example, the large volume of asphalt,
brick, concrete and other materials give urban areas a low thermal inertia than
rural areas (Table 2). Surface heat capacity is the measure of the increase in
thermal energy content or heat per degree of temperature rise. It denotes the
capacity of a material to store heat. Surfaces with more heat capacity like mixed
forest (Table 2) will need more time and more energy from the sun in order to
increase their temperature during the day. The effectiveness in emitting energy
as thermal radiation is responsible mainly to faster heating and cooling of the
surface in urban areas comparing with non-urban. Combination of all these
parameters relate to the ground heat flux. A positive difference in ground heat
flux (CORINE — USGS) appears in areas corresponding to park regions in Sofia
city from the adapted CORINE categories (see Figure 6). All added “Urban and
Build-Up” areas with high resolution data (see Figure 3) lead to negative
difference in ground head flux during the first hours after the sunrise. In opposite
the sign of the difference of ground heat flux change after the sunset and the
magnitude is more than two times less.

Table 2. USGS LU categories (the same are used in adapted CORINE data) and their physical
parameters for 'summer' season are taken from LANDUSE.TBL in WRF model. Parameters from
left to right are: albedo (%), soil moisture availability (x100%), surface emissivity (%), surface
roughness length (x102m), thermal inertia (4.184 x102Jm2K-1s12), surface heat capacity (x108Jm
3K-1)

Land Categories ALBD SLMO | SFEM SFZ0 THERIN SFHC
Urban/ Built-Up Land 15 0.10 0.88 80 3 1.89
Dryland/Cropland/ Pasture 17 0.30 0.99 15 4 2.50
Cropland/Woodland Mosaic 16 0.35 0.99 20 4 2.50
Mixed Forest 13 0.30 0.97 50 4 4.18

5 CONCLUTIONS

Two new datasets have been implemented and adapted in WRF model and
used in this study: SRTM 1-arc-second topography and the most recent CORINE
Land Cover 2012 with 3-arc-second resolution. A reclassifying procedure based
on previous works have been applied to 44 CORINE land categories and
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remapped to USGS 24 categories. Better representation of topography and land
cover lead to change mainly in heat fluxes, skin and near surface temperature (at
2m) and these characteristics were considered in the study.

The application of high resolution topography is the most important for
mountain regions, where the changes in topography elevation are significant. An
increase in peaks height indicates reduction in calculated temperature
approximately with 1 — 1.5 degrees. Implementation of high resolution
topography data in WRF show improvement of model performance for mountain
stations for all PBL schemes except MYNNS3.

CORINE is the most recent dataset and ensures better description of actual
urban areas than USGS dataset. High resolution of the new data allow to
increase model’s horizontal grid resolution (500 m) and update the land cover to
better represent surface characteristics that may have changed in recent years.
There is notable improvement in model results produced by all different PBL
parametrizations with coefficient of determination between 0.88 and 0.93. Very
good agreement with observations is achieved at sites: Borisova Gradina,
Nadezhda and Pavlovo sites (r>=0.97). WRF underestimates the maximum (day)
temperature at two sites Hipodruma and Druzhba, and in contrary overestimates
the minimum (night) temperature at NIMH site. Also a shift in calculated
minimum temperature is found for all sites except Borisova Gradina. Different
land categories have diverse surface thermal properties such as thermal inertia,
surface heat capacity, surface emissivity and albedo. Inappropriate
representation of land cover at specific sites can be the reason disagreement
between the modelling result and observations.

A positive difference in ground heat flux (CORINE — USGS) appears in
areas corresponding to park regions in Sofia city from the adapted CORINE
categories. All added “Urban and Build-Up” areas with high resolution data lead
to negative difference in ground head flux during the first hours after the sunrise.
In opposite the sign of the difference of ground heat flux change after the sunset
and the magnitude is more than two times less. Therefore using the appropriate
dataset is necessary in efforts to improve numerical weather simulations and
enhance weather forecasting capability.
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