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Abstract. The paper presents shortly a relatively simply arghsparent, but

meteorologically consistent method for physicaéipblation with vertical correction

to arbitrary points of interest, based on the itisted three dimensionally and
stratified near-surface atmospheric parametersh $uacedure is needed relatively
often in various environmental studies, when thépaiuof some meteorological

model has to be adjusted more precisely to locatiiim known elevation, using one
ore other postprocessing technique. The origintiaag’ proposal is described and
demonstrated briefly using as test dataset theubutp regional climate model

RegCM4 for the monthly mean temperature for ther \2200 over Bulgaria and

records from the station observations in the NIMASBnetwork.
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Introduction

Practically all spatially distributed hydrologicand ecological models need
certain meteorological information, most frequeritlymatted as initial dataset, containing
the values of some input parameters. Thus, foamt®, they use air temperature to drive
processes such as evapotranspiration, snowmeljesmmposition, and plant productivity.
Since most near-surface air-temperature data allectml at irregularly spaced point
locations (for example the network of the measurgmstations) rather than over
continuous surfaces, the point-based temperatures be accurately distributed over the
landscape in order to be useful in spatially disitéd modelling. On other hand the output
of various atmospheric circulation models (ACM}her for numerical weather prediction,
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or for simulation of the global and regional climats presented most often with finite
resolution, i.e. as distribution of the values lie tgridpoints or gridcells of fixed mesh.
Depending on the model an its concrete implementatithe spatial (horizontal and
vertical) step is changed up to two orders, buictlpvalues for the horizontal one of the
contemporary hydrostatic numerical weather preaiictind regional climate models is 8-10
km. The computational process of the ACM uses mogglesentation of the topography,
which more or less differs from the real one. Thaemerally speaking, due to the vertical
displacement, even the perfect model can produifereiit outcome from the unbiased
measurement (the objective “truth”) in horizontalipllocated point. Key point in the
model verification studies is to distinguish théfetiences, caused by such reasons, from
those by the model physics weaknesses. Furthen, fractical point of view, in many local
environmental studies, where the typical resolutisn 1-2 km, to use directly
meteorological input with (significantly) coarsersplution can leads to serious biases in
the results. A pragmatic way to overcome this probin the case when high-resolution
data are not available, is to use different sulainigl techniques, either incorporated in the
model system as in Giorgi et al., 2003 and in Inalet2010 or in external form, as post
processing procedures. Due mainly to the enormousptexity of the modern ACM, the
second approach is much more easily feasible foettd-user, which in the common case
utilizes this model as encapsulated meteorologicaler for his specific tasks. Several
methods exist for spatial interpolation of poinsed data, including inverse-distance
weighting (IDW), kriging, 2-dimensional splines, dartrend-surface regression (Myers,
1994). They can be purely mathematical as thedliatgove, or combined - mathematical
based on physical assumptions. As stated in DodsdrMarks, 1997, these methods often
work well over relatively flat, homogeneous terrdim mountainous terrain, however, the
strong relationship between vertically stratifiedteoparameters and elevation precludes a
simple interpolation of point-based observationsleds the effect of elevation on, for
example, the temperature is explicitly accounted & interpolation can produce grossly
inaccurate results. For example, in the case waeset of temperature observations or the
model gridpoints are located around the base obantain, an interpolation which ignores
elevation would seriously overestimate the tempeesat the mountain top, as it would not
account for the fact that temperature generallyeteses with increasing elevation.

The presented work describes one proposed by thorayphysically based
interpolation technique, which can be easily immated in various applications. The
scheme is very simple and transparent and can bd fw any vertically stratified
parameters (temperature, humidity characteristics).

The rest of the paper is organized as follows: fJiteposed innovative approach is
described and briefly commented in Section 2. A exical experiment, demonstrating the
possibilities of the scheme, is described in SacBo The last section contains consist
discussion and concluding remarks.

M ethodology

To test the capabilities of the novel scheme, foised to reproduce the value of
some stratified meteoparameter in selected refergumint, from some discrete 3D
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distribution of the same. A meteorological statitn located in this point and the
measurements there are accepted as objective Trtis, the closeness of the reproduced
value to the measured one is treated as estimattitre methods quality.

The most widely used approach for assessing thartiep of the model output to
the measurements in the numerical simulation s$udiéo compare them with the obtained
results in the nearest gridpoint. As stated abaweelver, for many problems, like model
performance evaluation and local high-resolutiGués, to relay only on this approach is
not sufficient. Obviously many other techniquesdahgither on purely mathematical or
mathematical and physical assumptions can be appbiet the testing of sophisticated
schemes is out of the scope of our work. Insteémhgawith the “nearest gridpoint”
approach, we will present one innovative technidgesic fact in meteorology is that the
heterogeneity of the atmosphere in vertical dioectis significantly stronger than in
horizontal one. That's why it is essential to aadothis effect, especially over a complex
terrain, for the stratified variables like, for exple, the temperature. The scheme on figure
1 illustrates, for simplicity in one dimension, theginal authors’ idea.
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Fig. 1. Explanatory illustration of the proposed method

Let the dashed area sketches the terrain crossise@dong the line between the gridpoints
X; andx,, which surrounds the point of interest with coaedexs. It is always possible to
construct local continuous (with IDW or any otheterpolation method) functiog(x)
describing the dependence of the elevation fromhtitezontal coordinate, as depicted with
dotted line on figure 1. The defined in equationl@W is deterministic interpolator, where
p is a positive real number, called the power pataméhe smoothness (1) and
computational feasibility makes the IDW preferallenany applications, as the presented
here.
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In this implementatior® is the surface temperatufen=4 and, correspondinglyl;; T, Ts,
T4 are the values in the nearest four (i.e. theosmding) gridnodest; ry r3 rs.are the
distances between them and the station locatiom,ti@ditionally § is set to two. Thus,
equation (1) can be rewritten as:
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To find the IDW-valu€T;. is necessary to locate the station in the grit find, second, to
find the distances. The first task is solved witficeent binary search, and the second —
with procedure based on the haversine formula, ikgejn mind that the geographical
coordinates of the station and the gridpoints avewn. The haversine formula gives the
great-circle distancd between two points on a sphere (i.e. Earth) watiusR from their
longitudeshy, A, and latitude; @,

d = 2Rarcsi \/sin ("’2 ¢1j+cos@l)cos@2)sin2()l2—;/1lj (3)

Similarly, knowing the values of the considerediafale T, say for definiteness the
temperature, in the gridpoints andx,, namelyTy(x;) and Ty(X,), we can obtain also the
temperature interpolation functiof(x). In the common case, however, the interpolated
elevation at pointxs z(xs) differs from the actuaks, which, asxs, is a priori known.
Assuming, that the atmosphere in this layer is fpopic, i.e. linearly stratified and
according the definition for the vertical gradi€laipse rate), we can compute it as follows:

oT __AT _ _T(z)-T(z)

=== 27 4
V==, L L (4)

Equation (4) can be generalized, wheie small positive number:
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or for the used in figure 1 notation

— TM (X:I.) _TM (Xz)
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zy (%) =2z, (%) Q€

Y (6)
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Such generalization is needed obviously to avoiddivision by zero when the gridpoints
are with equal altitudes. The thresha@dcan be set, for instance, to 0.1 m as in our
implementation.

The basic idea of the proposed approach is topatate the altitude and the
temperaturd to the coordinatgs yielding z(xs) andT;(xs) correspondingly. Then, using the
calculated with equation (3) lapse rate, we camsdj(x;) to the real elevation adding
vertical correction factor, proportional to thefdience between the interpolatgks) and
the real altitudes in the following manner:

T,(6) =Ti(%) =y (2(%) — %) (7)

In the case of the two-dimensional generalizat&n,different gradients can be defined
between the values of the searched variable, v@fipact to the elevations of the four
surrounding gridpoints. Intending to bound possthigker (and thus more representative)
layer, the gradient between the lowest and higiedpoint is taken under consideration in
the current implementation.

The obvious merits of the proposed scheme are léar ghysical sense and
computational simplicity. The method is based oa limear stratification assumption,
which, on one hand, is significantly smaller coaistrthan some in other techniques (for
comprehensive review see — Dodson and Marks, 198#¥re the gradient is prescribed to
a constant over the whole domain. On the other htnisgl stratification is confirmed by
many experimental studies of lower-level atmospharether strong point of the method
is its locality — the gradient is calculated sepayafor every gridcell, which is more close
to the physical reality, where the vertical disttibn of the atmospheric parameters can
vary greatly from point to point. As a drawbacktbé method could be pointed the fact,
that in some cases the station can be not situbéteen the gridpoints in vertical
direction. So, for instance, if the station is &we top/bottom of a convex/concave terrain
segment and the gridpoints on its periphery, ththatecannot retrieve the actual gradient
at the altitude of the point of interest.
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Numerical experiment

To demonstrate the possibilities of the proposepr@axh, the obtained results
during sensitivity study of the regional climate sebRegCM version 4 (for description see
Pal et al., 2007 and references therein) over #ngtdry of Bulgaria are used. The
considered part of the model output consist of datathe monthly mean surface
temperature in grid with 10x10 km resolution whaate compared with the averages from
the measurements in 30 stations of the network IMHNBAS. The model outcomes are
compared with the observations using three methaiuiservation — nearest gridpoint (noted
further as “mode 1"), observation — IDW value (“neod”) and observation — vertically
corrected value with the above described procefforede 3”). According equation (7) the
magnitude of the vertical correction is proportiotaathe vertical displacement between the
interpolated and real altitude, which, itself, dege from the mesh properties, but generally
decreases by higher resolutions. Thus, to emphdk&empact of this correction, two
stations, Kyustendil and Kasanlak, with significdigplacement from the mesh are used in
the performed tests. In most practical tasks howesigch postpocessing procedures are
applied on the whole dataset in the domain, ratten on selected stations. Further, such
test can be treated as much more consistent wayov¥erall method performance
evaluation. Table 1 shows the positional paramefmrghe selected two stations — the
distance to the nearest gridpoint,, the real altitudez, the altitudes of the four
surrounding gridpointgu(X.), Zu(X2), Zu(Xs), andzy(Xs).

Station fine KM | Z, M | 20(X0), Zu(X2), Zu(Xa), Zu(Xa), M | Z(Xs), M | Z-Zi(Xg), M
Kyustendil 1.699 | 520.0| 1017.4, 919.2, 8148%9.1 | 862.8 | -342.8
Kasanlak 5350 | 392.0] 561.6, 677.3, 662.3,.520 623.8 | -231.8

Tablel. Positional parameters of the selected statioestiied with their World Meteorological
Organisation (WMO) code.

Results and comments

The (calculated from the) observed values of thethig mean temperature for
the year 2000 are compared with the model outpinguthe three commented above
methods.

Common approach to assess the degree of agreefminat observed (measured)
valuesO; and their modelled correspondems(in the presented study in the three modes)
is to calculate certain statistical measures, amuanigh most widely used are the root mean
square error RMSH, the correlation coefficient (also termed the Bea correlation
coefficient,R), the index of agreemenitd) and the mean biaBIAS. Explicit formulas for
the first two will not be given due to their poprity, and the last two are equal accordingly
to:
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IA=1-—= - — (8)
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The summation is along the number of compariddérand the overlines notes averaging.
The (dimensionless) index of agreement condengeslifferences between observed and
modeled values into one statistical quantity. dvyides a measure of the match between the
departure of each prediction from the observed naeahthe departure of each observation
from the observed mean. The index of agreementhhsoretical range of 0 to 1, with a
value of 1 suggesting “perfect” agreement. The mb&@s is simply the average bias
between the observed and modeled values.

The calculated statistical quantities are summernzelable 2.

RMSE,°C R IA BIAS, °C
Mode 1 1.112 0.992 0.995 0.197
Mode 2 1.144 0.991 0.995 0.225
Mode 3 0.923 0.995 0.997 -0.224

Table 2. Main features of the selected cyclones accordabgnen caption

Similar statistical treatment for the selected tstations is hampered by the insufficient
length of the time series — only 12 values are labkd. That's why the results for this
comparison are presented only graphically, as stmwiigure 2.
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Fig. 2 Absolute biases (i.e. |obs-mode n| of mode 1 @thihe), mode 2 (dotted line) and mode 3
(normal line) for station Kyustendil (Left) and Kadak (Right).

According the listed in table 2 values of the statal quantities can be stated, that the
overall (i.e. for the whole dataset of stationsjfgmenance in the three modes is practically
equal. Probably the influence of the good behafdoisome stations is masked by the bad
one for others. The interpretation of figure 2 e#al the same conclusion. For the selected

20 Bulgarian Geophysical Journal, 2014, Vol. 40



H. Chervenkov: Simple postprocessing method fdicaticorrection based on stratified ...

stations, however, the influence of the proposedhatk for vertical correction is
discernible and significant. In all months, excepé for the first station and except four for
the second one, the vertically corrected valuesapparently closer to the measurements.
Reason for the opposite situation during the summenths can be weaknesses in the
planetary boundary layer (PBL) parameterizationhot days with prevailing unstable
stratification. In this case the correction addssbs to the modelled value. The differences
between mode 1 and mode 2 are smaller, in case dirst station practically indiscernible,
due most probably to the relatively high horizontasolution. Deeper conclusions with
significant confidence, however, can be obtainetrafurther statistical treatment of
relevantly longer time series.

Conclusion

The presented short study can be observed as eodeisionstration of the
proposed by the author postprocessing method fticakcorrection to the point of interest
of model output containing values of stratified graeters, in particular the temperature.
The method is very simple, and, utilizing expligithe three-dimensional structure of the
model output, physically consistent and transpat€egping in mind that almost all ACMs
uses terrain-following coordinate systems, suchddfixbution is the common case. The
presence of data for the considered variable &rdifit altitude practically in all gridcells
allows the calculation of the local lapse rate asgonsequence the vertical correction. The
discussed examples for two stations shows, thaheénmost cases this method produces
noticeable closer to the measurements results, whien the point of interest is outside the
layer, in which the lapse rate is calculated. Imeotcases, however, the results are worse,
and thus the method has to be applied carefullgfepably point-by-point of interest.
Statistical processing of longer datasets and dscoan be performed aiming to reveal a
priori criterion when the method is applicable ot.r\evertheless the proposed technique
illustrates a possible pragmatic way to adapt theilable model output physical
consistently to the specific needs of the end-wgleo looks for concrete value in the
arbitrary point of interest.
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IIpocTt mocTmpomecopeH MeToJ 32 BePTHKAJHA KOPEKIMS OCHOBAH HAa TPHMEPHO
pasnpefeseHd W crpaTuuIUpaHd aTMocdepHH NapamMeTpu B Oau3ocT 10
MO/JIOKHATA MOBBPXHOCT

Xp. UepBeHKOB

Pesrome: Cratusita mpenctaBs HAKpaTKO €OWH CPABHHUTEIHO NPOCT M 0003pHM, HO
METEOPOJIOTHIECKH CBHABPKATEICH METON 3a (U3NUEcCKa HWHTEPHOJAlWsi C BEpTHKAIHA
KOpeKIHs KbM KOHKpPETHa TOYKAa HAa WHTEpPEC, OCHOBaHA HAa TPHMEPHO pa3lpeleieHH U
cTpatudunupany atMochepHH TapaMeTpu B OJHU30CT 10 IMOJIOKHATA TOBBPXHOCT.
[TomoOHa mporexypa e HeoOXoAWMa CPaBHUTEIHO YECTO B PasiIMYHU H3CICIBAaHUS Ha
OKOJIHATa Cpejia, B KOUTO M3XOAHUTE JaHHM OT YHCICH aTMochepen Monen TpsadBa aa ce
CBEJaT MO-TPEHU3HO [0 OMpeAeNeH0 MSCTO € W3BECTHA HaIMOpPCKa BHCOYMHA,
MOCPENICTBOM €IHAa WIM Jpyra IOCTIporecopHa cxema. OpHTHHATHOTO aBTOPCKO
MPEIOKEHIE € OMFCAHO M JEMOHCTPHUPAHO B CHHTE3WPAH BHJ, M3IOI3BAMKH 332 TECTOB
HA0Op MaHHU M3XO0Ja Ha perHoHanHus KiuMaTwdeH moxen RegCM4sa cpeaHomeceynara
temneparypa 3a 2000roauHa U 3aMucH OT CTAaHIMOHHUTE HabmoneHns Ha HUMX-BAH
KnrouoBu nymu: IMoctnpouecopna npouenypa, ®usnuecka unrepnonanus, Beprukanna xopekuus,
RegCM4,Atmocdepna cTpatudukanus B 01130CT 10 MOJI0KHATA TOBBPXHOCT
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