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Abstract

The present work sought to demonstrate the importance using geoprocessing
techniques and methodologies in the identification and analysis of the tem-
poral and spatial distribution of air temperature. Therefore, an environment
with difficulties for systematic monitoring of climatic elements was selected
in the Serra da Esperancadrea, southern region of the State of Parana. Two
methodologies established in geoprocessing were used: the first deals with the
interpretation of orbital images and the second makes reference to the inter-
polation of surface data. These methodologies, used in an integrated way,
made it possible to know the relationship between the spatial and temporal
distribution of air temperature with vegetation and the terrain altimetry. The
air temperature data were monitored at 4 (four) points, following the con-
tours of the federal highway that passes through the study area. Satellite im-
ages were obtained of July 26th, 2015 and January 18th, 2016, representing
winter and summer southern conditions. The results indicated that this rela-
tionship exists and that in the absence of absolute data monitored at conven-
tional collection points, geostatistics techniques allow good estimation.
Moreover, this methodology can be used to control land use change in per-
manent preservation areas.

Keywords

Air Temperature, Topoclimate, Geostatistics

DOI: 10.4236/jgis.2020.126033 Nov. 19, 2020 560

Journal of Geographic Information System


https://www.scirp.org/journal/jgis
https://doi.org/10.4236/jgis.2020.126033
https://www.scirp.org/
https://orcid.org/0000-0002-0660-0264
https://doi.org/10.4236/jgis.2020.126033
http://creativecommons.org/licenses/by/4.0/

A. R. de Andrade et al.

1. Introduction

Climatology needs geostatistical data to validate its analysis. Therefore, geopro-
cessing techniques are important tools in this process. This form of interpreta-
tion of geographical facts is associated with the methodological framework of the
so-called Positivist Geography. Even though having undergone several criticisms
in the last 30 years, it persists as an effective methodology in climatological stu-
dies.

These studies emphasize the physical relationship between relief, vegetation,
temperature and air humidity in an unequivocal manner and a belief in clima-
tological science taken as common sense. In this way the visualization of this re-
lationship using maps and graphs is interesting to be represented and it is in this
aspect that geoprocessing fits perfectly in the climate analysis.

Cartographic representation, most often uses geoprocessing technique, aims
to make the importance of the phenomenon more evident. This usually occurs if
there is coherence between the text of a survey and the maps used.

In spite of this, there is no regular literacy mapping or training in Brazilian
elementary education, so the interpretation of maps is a difficult task. This hap-
pens even at the highest levels of academical training (doctorate) because graph-
ic representations are not part of daily life. Curricular contents and activities are
dispersed and do not facilitate the formation of a researcher to produce and
analyze these representations with quality [1].

This representation, although extremely important for Geography and its
areas of expertise (Climatology, for example), often becomes a mere addition of
totally fragmented visual elements without any real usefulness to goals of the re-
search developed. This is a general problem, but in climatology it is amplified
because the spatialization of climatic phenomena in a particular area and in a
specific period is usually the central focus of analysis.

Reference [1] concludes his work with an enquiry: How to graphically represent
essences of such complex relationships? The author points out that only the
search for new idealizations and realizations of Cartography can answer this
question and this is the challenge of those who study the climate(s) all over the
planet. Geography, with cartography and geoprocessing as a support base, can
and must close this gap.

One of the main problems of graphical representation in climatology is the
difficulty of monitoring data, culminating in problems of geostatistic analysis. In
this sense, [2] proposes a methodology to graphically represent air temperature
and relative humidity in places that are difficult to monitor. The idea proposed
by the authors is based on linear regression techniques that aim to estimate me-
teorological data, considering the geographical location (latitude/longitude) and
the altitude of the collection points. This procedure has proven to be efficient to
regionalize the air relative humidity in the San Francisco River Valley, eastern
range of the Ecuadorian Andes.

In this study, historical data from six collection points and high-resolution sa-
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tellite images were used. In the end, both the graphs with the statistical repre-
sentativeness of the model, as well as maps of the distribution of air humidity
related to land-use (vegetation), proved to be efficient to know and predict the
variability of this climatic element.

An interesting methodological maturity can be seen in this work, combining
mathematical data with spatial representation of the results obtained. The maps,
graphs and tables were elaborated using a Geographic Information System
(GIS), which provided consistent results regarding the visual representation of a
geographical variable, more specifically climate (relative air humidity). This type
of work values the interaction of Climatology with Geoprocessing techniques.

Work such as this demonstrates the importance of knowing the reciprocal re-
lationships between climatic variability and variation in altimetry levels in the
earth's surface, aiming at the conservation and maintenance of one of the richest
natural resources to our planet vegetation. This is even more relevant in endemic
biomes, such as the Araucaria Angustifolia core area, predominant in the
altimontane regions of the southern east of Brazillian territory.

Another work that proves this reasoning is that of [3], in which they stress the
importance of using Remote Sensing (orbital images) to identify the floristic
composition in land use for different areas of the planet. The work aimed to
prove the efficiency of the remote sensing technique and for this purpose, made
a comparison between various methodologies used to obtain the Vegetation In-
dex. Consulting several authors who proposed concepts and procedures for this
methodology, it was possible to notice that some indices are more sensitive than
others. The NDVI (normalized difference vegetation index) and RVI (Ratio Ve-
getation Index), for example, were more sensitive than the NDVI (green norma-
lized difference vegetation index) and WDRVI (wide-dynamic-range vegetation
index).

Besides, the NDVTI can be considered one of the most widely used indexes for
monitoring and surveying vegetation, as well as SAVI (soil adjusted vegetation
index). The difference is that the first highlights the background soil, while the
second tends to minimize this effect. NDVI can also be considered a good bio-
mass evaluator and has a good correlation with the moisture content of the
plant.

Therefore, a common problem when using orbital image analysis to obtain the
spatialization of different types of land use is the choice of the most appropriate
vegetation index. Some indexes are more accurate to identify vegetation, high-
light exposed soil, as is the case with the NDVI, but end up underestimating the
other types of use. The SAVI, on the other hand, values bare soil but underesti-
mates the rest. NSWI (Severe Weather Data Inventory) is also another index that
is widely used, but which highlights water (liquid surface) to the detriment of
other aspects.

In an attempt to address this lack of accuracy of a particular methodology, [4]
have used a composition of the NDVI, NDWI and NDBI index associated with
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RGB channels, obtaining contrasts as an effective classification tool in the sepa-
ration of water, clouds, built area, exposed soil and water bodies. Except for the
problems encountered with clouds, the model has become very accurate,
achieving close to 100% correlations for actual land use.

It is then realized that the use of geotechnology with the most distinct me-
thodologies becomes relevant in studies aimed at understanding the climate re-
ality of the place, especially when this reality has a very close relationship with
land use and surface topography. In this sense, remote sensing data, associated
with the monitoring of temperature and relative humidity can be an important
tool for the planning and monitoring of areas with restricted use, such as per-
manent preservation areas and ecological parks.

In areas of permanent preservation, it is interesting to understand the process
of maintenance and modification of the quantity and variety of existing floristic
species. Usually, the research directed to this area does not take into considera-
tion the current, past or future climatic conditions, but simply seek to identify
the spatial and temporal variability of the local flora

The studies such as that carried out by [5], therefore, demonstrate how geo-
processing can easily identify floristic variability over a given period of time. In
this study, the authors analyzed the land cover in Yacambu National Park, lo-
cated in Lara, Venezuela, using the fragmented index to find out whether the
agricultural frontier surrounding the research area influenced the changes of the
park’s vegetation structure from 2000 to 2008. The authors used remote sensing
techniques to investigate possible environmental changes in the area, which
proved to be very efficient in the process, as they found considerable levels of
fragmentation. This analysis was more significant to understand the proportion
of agricultural areas bordering the park that changed over time.

Although this study did not consider climate conditions as an actor in the
process, it is known that it is not possible to dissociate the influence of climate
and forest dynamics, especially in protected areas. Several studies have already
demonstrated this relationship [6] [7] [8] and [9].

The area of the present study becomes an interesting object of research when
considering this relationship, since its typical mountain climate, with high
thermopluviometric variability, both on a seasonal and daily scale, is placed as a
limit to the phytosociological evolution. So much so that the typical vegetation
of the region (Araucaria Angustifolia) is an endemic species and its dispersion is
very restricted, practically limiting itself to the South region of Brazil and this
limitation is totally associated to geographical factors (climate, relief and soil).

Some studies have already addressed this specificity of the climate at central
southern region of Parana [10] [11] and [12], region where the evaluated study
area is located, as shown in Figure 1. All these authors demonstrated the climat-
ic characteristics of the region and emphasized the incontestable relationship
between climate, relief and vegetation, permeated by atmospheric dynamics, ze.,

the topographic assumption also influenced by the acting air masses.
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Figure 1. Location of the study area and collect points.

Thus, the present work seeks to demonstrate the importance of knowing,
monitoring and predicting the spatial and temporal dynamics of meteorological
elements at the topoclimatic scale. In this sense, they are considered mainly
those that occur in places with high climatic variability and with the predomin-
ance of endemic vegetation in an area of permanent preservation, defined as a
priority for environmental conservation and maintenance.

For this purpose, the use of Geoprocessing techniques is important and this
can be demonstrated from the interpolation of available data, seeking to estimate
the air temperature throughout the study area based on restricted collection
points. Furthermore, the delimitation of the type of land use, specifically the
density of vegetation, may indicate how air temperature is associated with forest

distribution in study area.

2. Materials and Methods
2.1. Investigation Area

The study area is within the Serra da Esperan¢a Permanent Preservation Area
(Figure 1), specifically in the northern region sector. The county (Guarapuava
and Prudentdpolis) were selected because they are located at very variable alti-
tudes (from 1200 m to 700 m) and have highly specific geomorphological fea-

tures, Ze. close to the border between the second and third plateaus of Parand, in
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the area known as Serra da Esperanc¢a. Furthermore, Guarapuava is the largest
county in Parana and is located in a flattened area on the reverse side of the
cuesta da Esperanca, while Prudentdpolis is in a steeper area and on the front of
the mountain, which defines a topoclimatic approach scale.

Four (4) collection points have been installed on the transect of the Serra da
Esperanca scarp, between Guarapuava and Prudentdpolis, following the outlines
of BR 277 (Figure 1). For the installation of these points the altitude was taken
into consideration. The equipment for monitoring the temperature data was in-
stalled and programmed to be collected every hour at each of the points.

The points were identified as P1 (1060 m), P2 (1211 m), P3 (906 m) and P4
(705 m). In each of these points a mini shelter was installed containing a tem-
perature sensor attached with a data-logger that collects data in the interval of 60
minutes, that is, hourly with storage capacity for 333 days, of the PERCEPTEC
brand, model DHT2000, with an accuracy of 0.5°C, which stored air tempera-
ture data.

It is interesting to note that Point P1 is not necessarily within the area of APA
da Serra da Esperanca, but is important as an altitude control to validate the

methodology used in data prediction

2.2. Collection and Organization of Meteorological Data

Hourly data were collected from June 1th of 2014 to July 31th of 2015, which
were classified according to the hydrological year criteria. Later, the data were
organized in spreadsheets, tabulated and validated through some statistical pa-
rameters, such asmediansimple arithmetic Equation (1), standard deviation Eq-

uation (2) and simple linear correlation of the Pearson Equation (3):

S0 y

N.

Z(xi—xz)

N-1

1 Xi—X\( yi—-y
Ir_n—lz( Sx J( Sy j ©

All the calculations were made using the Microsoft Excel 2010 spreadsheet. It

)

aimed simply to validate the data from the point of view of some mathematical

error in their collection and organization.

2.3. Geoprocesses and Thematic Maps

The altimetric variation of the study area was elaborated from the raster data
acquired by the INPE-TOPODATA database. Then it was possible to obtain the
Digital Elevation Model with 30 meters resolution, from which the hypsometry
of the terrain was elaborated (Figure 2). The altitude range between the lowest
(504 m) and highest (1331 m) point demonstrates the importance of the study

DOI: 10.4236/jgis.2020.126033

565 Journal of Geographic Information System


https://doi.org/10.4236/jgis.2020.126033

A. R. de Andrade et al.

area for climate analysis, especially those aimed at the interaction between cli-
mate, relief and vegetation. The software used for data production and manipu-
lation was ArcGIS 10.2.

The same cartographic base was used to obtain vegetation indexes and land
use maps. However, satellite images from LandSat 8 July 7th 2015 and January
18th 2016 covering the study area were also analysed. These images were obtained
from INPE (National Institute for Space Research) geomorphometric database.

From these images, the NDVI (Normalized Difference Vegetation Index) was
calculated, which is a vegetation index used to highlight this target. It has the
advantage of reducing many forms and noises such as lighting differences and

cloud shadows. To obtain such an index is used Equation (4):

( pivp — pvm)

NDVI =-—
(pivp+ pvm)

4)
In this equation, for pivp we have the near-infrared reflectance, and pvm the
red reflectance.
Another index calculated was the NDWI (Normalized Difference Water In-
dex), which is an equation developed to highlight water bodies and eliminate the

influence of soil on vegetation. It has been done using the Equation (5).
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Figure 2. Hypsometric map of the study area and data collection points.
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(pdv - pivp)
(pvd+ pivp)

at pivp is the near-infrared reflectance, and pdv is the green-band reflectance. All

NDWI = (5)

these calculations were performed as well in ArcGIS (Academic license), with
version 10.2, generating maps with the spatialization of the results.

In order to draw up the interpolation maps of air temperatures, the samples
collected in the field were used, in which the data were tabulated according to
the methodology used by [2]. This methodology uses the Inverse of Weighted
Distance method supported by Equation (6):

Toet = Trnontn +(r'(zxy —Zpy )) (6a)

and
Ty = Tou + (r (24~ Zpa )) (6b)
where T, is the average monthly base level temperature ["C] of the land-use
unit, Z,, the detrending level [here 1000 m asl], T, is the average monthly
temperature ["C], T the slope (= altitudinal gradient), T,, is the monthly tem-
perature [*C] at position (x,y), and Z,, is the altitude [m asl] at position (x, y).

After the interpolation two images from the geomorphometric database of
INPE (National Institute for Space Research), project TOPODATA (25S525ZN
and 25S851_ZN) from which the study area was cut out were used.

Possible inconsistencies were also corrected through the fault filling process
and transformed into 16 bits and the values of the rounded altitudes. After these
the process of mapping the isotherms was carried out, through the algebra of
maps applying following the method: interpolation of the inverse of the distance
plus the constant of —0.0066 times the elevation (topodata) less median of the al-
titudes (986 meters).

Geoprocesses and the representation of spatial distribution of the data (max-
imum and minimum isotherms) used the IBGE (Brazilian Institute of Geogra-
phy and Statistics, 2010) and TOPODATA (INPE) cartographic basis. All maps
were executed using the ArcGIS software (Academic license) version 10.2, ela-
borated through the SIRGAS 2000 Reference System and Geographic Coordi-
nates System. For space optimization and better understanding of climate data a
cartographic generalization was made and the technical information was deleted

from the figures presented in the discussing of results.

2.4. Correlations NDVI and NDWI whit Maximum and Minimum
Temperatures

For the analysis of results between NDVI, NDWI, TEMP MAX and TEMP MIN,
geographical weighted regression (GWR) was used. GWR aims to identify spa-
tial heterogeneities in georeferenced data regression models [13]. According to

[14] GWR can be expressed by the following Equation (7):
Vi = Bouya) + 285 (Ui Vi) X + & )

Yy, is equivalent to the result at the location of the coordinates, represented by
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(u(i),vi ), By e B represent the interception of the local estimate with effect
of the variable j for the location 7 Locations near 7 have a stronger influence on
the estimate of /i (u;,V; ) » than values far from i In the GWR model, estimates
of localized parameters can be obtained for any location, which in turn allows
the creation of a map showing a continuous surface of parameter values and an
examination of the spatial variability of these parameters according [14].

The GWR was performed from 10,000 points, extracted at random, considering
the pixel values of the adjusted temperature and the values of NDVI and NDWI.

3. Results and Discussion

At first moment, seeking to identify the differences in land use, maps showing
this landscape element were analyzed (Figure 3 and Figure 4). These two maps
sought to compare land use in different seasons. Thus, Figure 3 represents the
predominant land use in the winter season (July 26th, 2015). As for Figure 4
represents this spatialization in summer period (January 18th, 2016).

When comparing Figure 3 and Figure 4 it can be seen that there are no sig-
nificant differences between the types of use, considering their proportionality to
the total area. However, some types of use differ from one season to another, and
it is possible to notice this fact when analyzing their growth and/or decrease in

the two seasons.
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Figure 3. Land use Map on July 26th, 2015.
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Figure 4. Land use Map on January 18th, 2016.

Reviewing at the area table it can be seen that vegetation it remains practically
unchanged. The area of haystack/urban area varies a bit more (from 26.56% in
winter to 20.75 in summer), which explain a higher concentration of haystack in
winter, due to a big predominance of areas with decaying plant matter in that
period (between harvests and falling leaves of the trees). In the same way, the
area of exposed soil also increases in winter (from 0.18% to 0.41%), which is ex-
plained by the decrease in arable land. Another type of use that changes is wa-
ter/clouds, but this is concentrated in the northeast sector, due to the higher in-
cidence of clouds in that location during the winter.

Thus, variations in the type of use do not vary significantly and the differences
found are exclusively associated with weather conditions (clouds) and agricul-
tural management (haystack and agriculture). This sets out that agricultural ac-
tivities and the phenological cycle of vegetation are the only elements of the
landscape that have changed seasonally, i.e. the region is stable, at least on this
scale of analysis.

Figure 5 and Figure 6 represent the result of the NDVI calculation for July
26th, 2015 and January 18th, 2016 in the study area. There is a clear similarity be-
tween the two periods, Ze. this index identifies hardly any change between summer
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and winter, except in a small portion northeast of the area, explained by the high
cloud concentration on that day, as already shown in Figure 3 and Figure 4. This
concentration induces the NDVT to associate the clouds with lack of vegetation.

When comparing the two images (Figure 5 and Figure 6) and associating the
forest characteristics with the air temperature, a slight decrease in the tempera-
ture in winter can be noticed, which is normal, due to the fact that the values of
this element of the climate are obviously lower in the winter season. Apart from
this, no more significant changes can be noticed. However, it should be noted
that the NDVI shows a higher concentration of forest in the central region of the
study area, which also leads one to deduce that milder surface temperatures oc-
cur there, both in summer and winter.

Even if there is a difference between surface temperature and air temperature,
some works [15] and [16] indicate that there is a good correlation between one
measure and another, although the response is not immediate and depending on
the ground cover, this process can take several hours to occur.

However, the NDVI is a more general index that simply considers the greater
or lesser concentration of vegetated areas. It conceives and still overestimates the
lack of vegetation, because it considers any interference in environment (clouds,
for example) as non-vegetated areas. In this sense, its analysis should be focused

on forest density.
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Figure 5. Spatialization of the NDVI on July 26th, 2015.
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Figure 6. Spatialization of the NDVI on 18th, 2016.

The NDWI is also another analysis option to represent the relationship of
land-use with climatic characteristics, since it highlights water bodies and de-
creases the influence of the soil in the process of deduction of air and surface
temperature. Figure 7 and Figure 8 represent the calculation of the NDWT for
the study area on the two selected days, in which case a greater difference be-
tween the two figures can be seen.

By analysing the NDWI calculation for winter (Figure 7) and summer
(Figure 8) it is possible to identify that the potentially more heated areas do not
change significantly. However, areas that indicate lower temperatures are much
more significant during the summer. This is explained by the fact that urbanized
areas with exposed soil (warmer) remain stable, while the moisture content in
forested and arable areas increases in summer, especially in January, which is the
month of that season with the highest rainfall concentration. This indicates that
the humidified environments, which respond best to this index, are permanent
and define possible spatial variations in air temperature and humidity for the
study region.

In this case it should be noted that both in winter and summer, areas with

possibly milder temperatures predominate. Even if a pattern of higher tempera-
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tures (mainly in summer) can be deduced for the extremities of the region
(northeast and southwest portions) a relative homogeneity occurs throughout
the study region.

Figure 9 demonstrates the spatialization of temperature values estimated by
the methodology proposed by [2]. The data indicated in the sample points are
the medians of the absolute values collected in loco. From these data the inter-
polation for the rest of the study area was made.

The hottest region at the northern end of the map is neither sample values nor
interpolated, as it is the shadow of a cloudy area that appears in the Landsat im-
age used for the interpolation process. The rest of the area has not suffered this
kind of interference and it can be deduced that the data found must represent
the real values according to the methodology used.

With a close look at the cartograms in Figure 7 and Figure 8, it clearly sees a
relationship of air temperature spatialization according to altitude and vegeta-
tion. The higher areas (southwest), regardless the time of the year, have lower
temperatures, while the area to the northeast always has higher temperatures.
From April to September (Autumn and winter) it is possible to notice a slight

warming in the most extreme portion of the southwest. This is explained by the
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Figure 7. Spatialization of the NDWT on July 26th, 2015.
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Figure 8. Spatialization of the NDWI on 18th, 2016.

proximity to the Guarapuava urban drea, consequently there is a decrease in ve-
getation and humidity, especially at this time of the year when rainfall also de-
creases in the study region.

Figure 10, in turn, represents the same methodology applied in Figure 9,
however, minimum temperature values are used as a database. Except for the
fact that the high seasonal range, i.e., the minimum temperatures are well below
the maximums obtained. So July is a good example, since the minimum temper-
atures are close to 9°C, while the maximum temperatures are above 18°C. Apart
from this observation, the spatial distribution of the temperature follows the
same pattern, that is, the temperatures increase as the altitude and vegetation
density decrease.

Both Figure 9 and Figure 10 show the undeniable relationship between relief,
vegetation and air temperature. Although land use analyses and their indices
(Figure 3 to Figure 8) have highlighted a certain homogeneity for these attributes,
the little existing variation, associated with the altimetry plane, is associated with
air temperature monitoring and inferred by the methodology used [2].

The analysis of Figure 5 to Figure 10 allow us to identify a similarity in the
spatial distribution in the NDVT results (Figure 5 and Figure 6), the NDWI
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(Figure 7 and Figure 8) and the probabilistic interpolation for maximum (Figure
9) and minimum (Figure 10) temperatures. This analogy, however, does not de-
fine arguments to affirm that this occurs in a linear manner throughout the
study area, since statistical correlation cannot be approached in the analysis of

these figures.
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Figure 10. Spatialization of the minimum air temperature for the study area from June 2014 to May 2015.
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In search of a mathematical proof for this relationship or correlation, Geo-
graphically Weighted Regression (GWR) was carried out from 10,000 points.
After the results, the GWR model was verified from the global 1%, adjusted r?
sigma (standard deviation) and the residual sum of squares (Figure 11).

The analysis of Figure 11 clearly shows that there is a good statistical correla-
tion between the results obtained, confirming that the methodology proposed by
[2] allows the deduction of air temperature for inaccessible sites, and is precisely
associated with land-use, especially with the higher or lower concentration of
vegetation and surface water.

The general spatial and non-linear correlation for the study area is very good
(adjusted r* = 0.9919 for NDVI/TEMP MAX; 0.8879 for NDVI/TEMP MIN;
0.9919 for NDWI/TEMP MAX; and 0.9721 for NDWI/TEMP MIN) as seen in
Figures 11(A)-(C) and Figure 11(D).

A)NVDI - MAX TEMP B) NVDI - MIN TEMP

GWR - global statistic GWR - global statistic

Residual Squares 192,1143 Residual Squares 935,8337
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Legend
Local r*

©0,000000 - 0,010000
0,010001 - 0,040000
0,040001 - 0,080000

Legend
Local r*
©0,000000 - 0,010000
© 0,010001 - 0,040000
0,040001 - 0,080000
0,080001 - 0,150000
0,150001 - 0,300000
0,300001 - 0,500000
0,500001 - 0,8

0,080001 - 0,150000
0,150001 - 0,300000
0,300001 - 0,500000
0,500001 - 0,8

e o 0o 0 o o

e o o o o

C) NDWI - MAX TEMP D) NDWI - MIN TEMP

GWR - global statistic GWR - global statistic

Residual Squares 192,1143 Residual Squares 192,5698
Sigma 0,1536 Sigma 0,1537
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Figure 11. Correlation between the results obtained by NDVI/Maximum Temperature (A); NDVI/Minimum Temperature (B);
NDWI/Maximum Temperature (C); and NDWI/Minimum Temperature (D).
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Despite this good correlation, this is the overall outcome, but there is a high
spatial variability and it differs according to the type of evaluated index. Figure
11(A) and Figure 11(B), indicate that NDVT has a good correlation in the cen-
tral and northern sectors of the study area, but decreases significantly in other
regions. On the other hand in Figure 11(C) and Figure 11(D), which evaluate
the NDWI, this correlation is much better and although it is also more signifi-
cant in the central and northern parts, there are several other regions with a
good correlation (over 70%).

Thus, the technique proposed by [2], Figure 9 and Figure 10, is proven to be
efficient to deduct air temperature values in regions that have no surface moni-
toring points, These forecasts are also associated with areas alongside greater or

lesser presence of natural resources (vegetation and water).

4. Conclusions

The central hypothesis of this work focused on the importance of using remote
sensing and geoprocessing techniques for climate assessment in hard-to-reach
regions.

In permanent preservation areas, especially those associated with relief
(mountains, plateaus, etc.) and endemic (native) vegetation, there are usually not
many places with the possibility of monitoring air temperature. In some cases
there are pluviometric stations, but thermometers that periodically collect the
temperature and humidity of the air are almost not found in these areas. This is
why geoprocessing techniques are useful, as they can extrapolate (estimate) data
of this kind beyond a few collection points.

Thus, the present work has shown that it is possible to associate land-use (ve-
getation), relief (altimetry) and climate (air temperature) for the permanent
preservation area of Serra da Esperanca. In this way, this methodology is not
only effective for estimating temperature data in places of difficult access, but
can also to set levels of preservation in space and time.

Furthermore, in a conservation area, if the air temperature is rising, it can be
assumed that the vegetation is decreasing. Therefore, by applying the model pro-
posed by [2] and monitoring a few collection points, it is possible to control the
evolution of this process, i.e. whether the area is really being preserved or not.

If no relation is found between vegetation and water, with the spatial variabil-
ity of air temperature when remote sensing techniques and the methodology of
[2] are used, it is presumed that is occurring some kind of environmental dete-

rioration (deforestation or decrease of watercourses).
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