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Abstract

The present article deals with the estimation of air temperature with selected spatial interpolation methods. There are a number of
methods of spatial interpolation, which allows to estimate the values if they are not available measurement data. One of the import-
ant indicators for many practical analyses is the air temperature. It is well known fact that the air temperature is dependent on the
altitude. However, not all of the interpolation methods in their algorithms allow to take into account this important factor that can
significantly affect the final estimate. For the estimation of air temperature were chosen method IDS (Inverse Distance Squared) and
its modification GIDS (gradient plus inverse distance squared) and GIDS-a. The first method was implemented directly in the soft-
ware. For the method GIDS and - a GIDS was created application through VBA.

Keywords: interpolation methods, inverse distance squared, gradient plus inverse distance squared, air temperature

Introduction

Currently are happening significant climate
changes which will influence the future of country
and life around us. It is generally known that the
air temperature and other climate characteristics
are significantly complex of combination ther-
modynamical, dynamical and microphysical at-
mospheric processes, affected by the complicated
interaction of the relief, which are variable within
range of spatial and time scales. It is essential to
know these events, locate, or the correctly esti-
mate. Interpolation methods are currently an in-
tegral part of the analysis in the natural sciences.
They are used for the estimation the mercury con-
tent in the soil [10], prediction of evapotranspira-
tion [15], air quality data [23], changes in terres-
trial ecosystems in China [24]. Another important
use of interpolation methods is in the determina-
tion of volume for example: waste in landfills [3],
random piles of raw materials [22], and stocks in
the surface quarry [13], [18], but also in determin-
ing the coordinates of modern measuring technol-
ogies [12].

By comparing interpolation methods for esti-
mating air temperatures are devoted the works of
authors Stahl [21], Chai [4]. Authors as Jarvis and
Stuart are in their works [11] devoted the impact
of other variables such as topographic factors and
land use to estimate air temperature.

Method of gradient plus inverse distance
squared — GIDS, as well as assessment of her suit-
ability for using in climatology are dealed (the first
time mentioned in the year1998) from the authors
as IA Nalder and R. W. Wein [16].

For documentation of temperature in Slovakia
conditions was for the estimation created the appli-
cation of specific GIDS interpolation method and
its modifications and GIDS-a, using programming
in VBA - ArcGIS 9.x environment. The advantage
of these methods is the calculation having regard
to the elevation of input climatological stations.

Study area and input data

Time Clauses and spatial distribution of air
temperature significantly affects the life cycle of
plants, animals and even humans. Slovakia is sit-
uated in temperate climates and is characterized
with the annual running of air temperature with the
summer maximum in July and winter minimum in
January. Air temperature measured at climatolog-
ical stations is impacted by physical processes in
the atmosphere affected by local phenomena. It is
primarily determined by altitude.

In Slovakia are total 92 climatological stations
(situation to 1. 1. 2013 [20]) administered by the
Slovak hydrometeorological institute, which re-
cord the meteorological-climatological data (eg.
air temperature, soil temperature, air pressure,
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Fig. 1. Location of climatological stations [20]

Rys. 1. Lokalizacja stacji klimatologicznych [20]
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Fig. 2. Digital terrain model of Slovak republic (Source: Data provided and processed by © GISAT) [6]
Rys. 2. Cyfrowy model terenu Republiki Stowacji (zrodto: Data provided and processed by © GISAT) [6]

rainfall rate and wind direction). From this data it
is possible to create different characteristics of the
estimates based on interpolation methods.

Input data about air temperature for analysis
constitutes from field of points representing a
network of 59 selected climatological stations in
Slovakia, which represents their position (Fig. 1).
Data from these stations have been used from re-
ports of Slovak hydrometeorological institute.

Another input is created from a digital terrain
model of the Slovak republic SRTM (Shuttle Radar
Topography Mission) DEM in the national coordinate
system S-UTCN and with cell size 100 m (Fig. 3).

During processing of terrain mapping and mea-
suring results the observers and geodesists come
across a generally well known problem which lies
in the discrepancy between Cartography Cartesian
left-handed coordinate system (in Slovak Repub-
lic usually S-UTCN, resp. its valid national imple-
mentation UTCNO3) and right-handed coordinate
systems usually used in graphical utility software
and CAD software [7].

The most important factors affecting the accu-
racy of the DMR are the density and distribution

of entry points, the method of collecting input data
and interpolation method. [5].

Methods

Interpolation is the estimation procedure of the
unknown values from the known (typically mea-
sured) values in the area. Usually, interpolation is
the local estimate, when the estimated value of the
variable - interest at the point, where the primary
has not been detected or measured (as opposite to
a global estimation given by calculating the mean
value for the whole area).

To estimate the characteristics of the methods
was with methods GIDS respectively GIDS-a
used the method of IDS. Those first two applied
methods are a sort of "variation" of IDS method,
where the mathematical basis is based exactly on
this method. IDS interpolation method is directly
implemented in the ArcGIS Spatial Analyst pro-
gram extension under the program ArcMap.

Method IDS (inverse distance squared)
IDS are a deterministic method, which is for
the calculation used a weighted linear average.
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Weight, which is used in the calculation of the in-
verse of the distance measurement d from a local
estimate of the power p. Interpolated values ob-
tained from the following:

Zf,-

— 7
_ =l i
Zk T on L (1)
=th
where:
n — the total number of known neighbor points for
point i,

/;— the measured value at point 7,
dl,j — the distance between the point 7 and the point j,
p — a positive power parameter,

In the method of IDS for a positive power pa-
rameter p value scales used 2. Coefficient p rep-
resents the simplest model of spatial interpolation
with concept of spatial autocorrelation, which are
based on the assumption that the relationship be-
tween the estimated value of the most intense closer
to the value and decreases with increasing distance.

Balance of data points entering to the final
linear combination are estimated on the basis of
changes in power p. The lower power, the more
similar to the weights assigned to the data points.
Generally for the method, the value of the weight
decreases with increasing distance from the inter-
polated points. The preferred use of this method
is dense and uniformly distributed inputs, so well
described local changes necessary for a good re-
sult analysis. The input data forming the agglom-
erates formation may occur interference “bull
eyes” effect. Consider Hordk [9] is possible to
mitigate this effect introduced in the formula so
smoothing factor (uncertainty). Consequently, for
an exact interpolation method becomes approxi-
mation method [9].

GIDS - (gradient plus inverse distance squared)

This statistical method has been proposed as
a method to interpolate climate data broader ter-
ritorial scope. Mathematical apparatus of GIDS
method eliminates the impact of terrain slope
and thus reduces the average absolute error. The
GIDS method combining multiple linear regres-
sions with the method of inverse distance weight-
ing (IDW), the altitude acts as a covariate. Least
squares linear regression is calculated regression
coefficients (C, Cy and C)) representing x, y [16].
This calculation is required to gain unmeasured
location for any variable Z. GIDS interpolation
method simply based on the formula (1):

ﬁ:ZﬁCx(Xk—X,-HCv(K{—K)+Ce(Ek—E,-)

i= di2
zZ, == T (2)
Zdz

i=1 Y

where by [17]:

Z, — the estimated value at an unmeasured point
on the known coordinates X, Y ,

Z. —measured value at the location,

X, — X-coordinate for the location,

Y —Y-coordinate,

E. — elevation value,

d. — distance from the measured location i to £.

Method GIDS — a

Author T.X. Yue in his contribution in the field
of climatology [24] extended the method GIDS
the next parameter a, which represents the change
in temperature depending on altitude. The verti-
cal temperature gradient is changed not only in
time but also locally, the values fluctuate in a wide
range of values of the global gradient -0.0065°C
m’' to a positive value at the time of temperature
inversions. In the originally paper this method is
called as GIDS-a, its calculation is given by the
modified method of GIDS:

Y. 7, +[a(E, — E)+C (X, - X)+C, (¥, ~Y)+C,(E, ~E)]/2

> d{z

=]
Z, =

i=1l

N 1 >
Zqr G)
where a is the temperature gradient [17].

Results and discussion

For the calculation of the air temperature esti-
mate by interpolation methods GIDS and GIDS-a
is necessary to calculate regression coefficients
(C, C, and C)), which are covered by the calcu-
lation by the equations (2) and (3). These coeffi-
cients characterize the expected change of depen-
dent variable at a unit change in the independent
variables. Regression statistics (Tab. 1) was cal-
culated by using Excel for each variable for the
month December 2013. The coefficients are shown
in Table. 2 constitute input data for application of
GIDS or GIDS-methods in program ArcGIS.

Since the program ArcGIS has not provided for
calculating directly the method GIDS or GIDS-a,
on the basis of the algorithm shown in Fig. 3 was
created application in Visual Basic for Applications.

Created toolbars (named climatological data)
is built into ArcMap — ArcGIS enviroment. A
panel is provided with two menu buttons GIDS
and GIDS-a, which are named by the individual
methods. When working with two of the buttons
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Tab. 1. Results of the regression statistics

Tab. 1. Wyniki regres;ji statystycznej

SUMMARY OUTPUT

Regression statistics

Multiple R 0,95011616
R Square 0,90272072
Adjusted R Square 0,89699841
Standard Error 0,54639405
Observations 55
ANOVA

df SS MS F Significance F
Regression 3 141,2912215 47,0970738  157,7545891 8,61401E-26
Residual 51 15,22586937 0,29854646
Total 54 156,5170909

Coefficients  Standard Error t Stat P - value Lower 95%  Upper 95% _ Lower 95% Upper 95%

Intercept 0,0770935 2,6539273  0,0290488 0,9769390 -5,2508878  5,4050748  -5,2508878 5,4050748
X -0,0000080 0,0000007 -11,5587553 0,0000000 -0,0000094 -0,0000066  -0,0000094 -0,0000066
Y 0,0000012 0,0000022  0,5666002 0,5734711 -0,0000032  0,0000057  -0,0000032 0,0000057
E -0,0027637 0,0001830 -15,1017472 0,0000000 -0,0031311  -0,0023963  -0,0031311 -0,0023963

Tab. 2. Calculation of the regression coefficients

Tab. 2. Obliczenie wspotczynnikoéw regresji

Average air temperature — December 2013

Coefficient Ce

Cx Cy

-0,0027636581

-0,0000080212 0,0000012497

you need to have loaded a layer of digital terrain
model and also a layer of stations with measured
climate data. For input values are considered also
the regression coefficients that users enter through
the dialog box. After entering all the input values
occurs the process of interpolation from select-
ed method. Button-GIDS and works on the same
principle as the preceding, but there is a need to
insert another input parameter (the value of the
temperature gradient). For the presented calcula-
tion was used the value of global temperature gra-
dient a = -0,0065 °C.m™". After completion of the
calculation in ArcMap is created a new raster lay-
er, which contains the resulting value of estimate.

By graphical representation (Fig. 4) through
the interpolation method can monitored the di-
versity of the estimation results of the average air
temperature in Slovakia.

From the resulting average interpolated month-
ly temperatures we can demonstrate a significant
impact of the continentality on climate of Slova-
kia. In winter, the eastern part of Slovakia com-
pared with places the same latitude on the west al-
most about 1,5°C colder. For the output produced
by the method IDS can be observed the formation
of ring structures ,,bull eyes* around the measur-
ing stations.

From the above image is a visible impact of
altitude to air temperature. While the ,,classic*

interpolation method interpolated temperatures
smoother method GIDS respectively GIDS-a try-
ing to as closely as possible represent an estimate
of the temperature, the temperature is seen as
»copying™ landscape. Areas with a higher altitude
have a lower temperature.

The distribution and the number of discrete
points in the field along with the properties of
mathematical interpolation functions have im-
portant impact on the accuracy of the interpola-
tion [2].

Authors Vicente Serrano [19], Goodale [§],
Stahl [21], Benavides [1] presented in their works
the testing of equipment without deletion points
and the statistical parameters are calculated with
all input and comparing the estimated values.

Accuracy was assessed based on the error anal-
ysis (Tab. 3) by calculating of statistical indicators:

— mean error — ME

1& .
ME = —Z z(x,)—z(x,) (4)
i=1
— mean absolute error - MAE

1 n
MAE ==Y
niz
— mean square error — MSE

2(xi)_z(xi)| ®)

ME =13 (2(x) -3y ©)
nio
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Fig. 3. The algorithm of GIDS method [17]
Rys. 3. Algorytm metody GIDS [17]

Tab. 3. The achieved precision of parameters

Tab. 3. Osiggnicta doktadno$¢ parametrow

Errors Methods

IDS GIDS GIDS - a
ME [°C] 0,00011874 0,05836499 0,09561213
MAE [°C] 0,00108432 0,07566103 0,12555530
MSE [°C] 0,00000767 0,05552836 0,15467728
RMSE [°C] 0,00276863 0,23564456 0,39329033
EF 0,99999820 0,98693779 0,96361449

—  root mean square error — RMSE

RMSE = {nZz(x) 2(x,) }2 (7)

i=1
where:
Z(X)) — measured value in point xi,
Z(X ) — estimated value in measured point xi,
— is number of comparing couples.

For error analysis without draining the points
may be calculated excluding those specified errors
also a model of efficiency [14]:

3 (200) - 2(x))’
EF =1-2 ®)

S (Z0)+2(x,)

i=1

Whereby the value of efficiency coefficient of
the model is closer to the value 1, thus the model
appears to be more effective for using.

By statistical parameters is possible to quantify
the total error of methods and thus decide about
quality or the accuracy of the resulting model.

The higher RMSE for a GIDS and GIDS-a may be
caused by more frequent of occurrence of extreme
errors. Maximum deviations achieved methods for
estimating temperature stations at high elevations.
The impact has probably less dense measuring
network of climatological stations at higher ele-
vations. Though the values of parameters for the
method IDS appear to be best, this method is try-
ing to smooth the model, what in the estimation
of the air temperature is not useful. This method
ignores the impact of altitude, which we cannot be
missed in the comparing with the methods GIDS
and GIDS-a.

In the selected profile (Fig. 7) can be moni-
tored visible difference in the average temperature
through the implemented methods.

Conclusion

Implemented applications allow us to use some
method of spatial interpolation, but not all are de-
signed especially for estimating climatological data.
The advantage of GIS programs is the possibility to
program their own applications and tools. The de-
veloped application brings together the mathemat-
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Fig. 4. Presentation of the estimate of the average air temperature for the month of December 2013

Rys. 4. Prezentacja oceny $redniej temperatury powietrza dla miesigca grudnia 2013
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Fig. 5. Profile of development the average air temperature for the month December in the selected area

Rys. 5. Profil zmian $redniej temperatury powietrza dla miesigca grudnia na wybranym obszarze

ical basis of standard interpolation methods taking
into account the combination of height ratios mea-
suring stations. This capability is available for this
type of data is very important. Through the analysis
of applied methods — calculation of statistical in-
dicators can choose the most accurate method for
the selected sample of data. Neither of method is
not completely reliable, since all methods provide
"only" estimates of the variable. Except of the in-
terpolation method has a significant impact on the
accuracy of modeling the origin of the input data.

When choosing a method is extremely important to
consider the type of interpolated data and appropri-
ateness of the choice of the interpolation method for
the type of data. The estimation of measured charac-
teristics depend on properly selected type of interpo-
lation methods, but the accuracy of the calculation
depends mainly on the input data and the quality and
accuracy of the digital terrain model — relief.

This article was prepared with financial support
from VEGA project No.1/0369/13.
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Prezentowany artykul omawia zagadnienie oceny temperatury powietrza za pomocg wybranych przestrzennych metod interpolacy-
jnych. Istnieje wiele metod przestrzennej interpolacji, ktore pozwalajg na oceng wartosci, jesli dane pomiarowe nie sq dostepne. Jed-
nym z waznych wskaznikéw do wielu praktycznych analiz jest temperatura powietrza. Jest wiadomym faktem, Ze jest ona zalezna od
wysokosci. Jednakze, nie wszystkie metody interpolacyjne w swych algorytmach pozwalajg na wzigcie pod uwage tej istotnej zmien-
nej, ktéra moze znaczgco wplyngé na kovicowg wartosc estymowanego wskaznika. Do oceny temperatury powietrza wybrano metode
IDS (metoda odwrotnych kwadratéw odleglosci) oraz jej modyfikacje GIDS (gradientowa metoda odwrotnych kwadratéw odleglosci)
oraz GIDS-a. Pierwsza metoda zostala zastosowana bezposrednio w programie komputerowym. Dla metod GIDS i GIDS-a utwor-
zono aplikacje za posrednictwem VBA.

Poréwnanie metod interpolacyjnych w celu oceny temperatury powietrza

Stowa klucze: metody interpolacji, metoda odwrotnych kwadratow odleglosci, gradientowa metoda odwrotnych kwadratow odleglosci,
temperatura powietrza
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