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Abstract

The objective of this study was to verify a possibility of the assessment of carbon stock above all in forest aboveground
biomassin the area of Czech Republic based on Landsat data and terrestrial mapping of land cover. Landsat 7 ETM+
data and method based on vegetation index ND45 were used. Simultaneously the aboveground carbon stock was
assessed by expert based estimations of carbon in aboveground biomass in the various classes of landscape cover,
derived from Corine Land Cover 2012 data. By comparison of results obtaining by both methods for the whole
investigated area in the Czech Republic the differences reached only 4.68% and for forest stands 7.19%. The results
of aboveground carbon stock based on the Landsat 7 ETM+ data did not differ distinctly from the assessment of
carbon stock for individual classes of land cover for both vegetation cover of the Czech Republic and forest stands.
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1. Introduction

Carbon naturally occurs in many forms. In connection with
the climate change carbon dioxide (CO,) is the mostimpor-
tant form of carbon and its fixation in chemical compounds
has got an important role. CO, in the line with methane,
dinitrogen dioxide, sulphate fluoride, water vapour and
some other gases are generally marked as greenhouse
gases which actively participate on the global climate
change. On the first sight the change is mainly linked with
increasing of temperature. In the last 100 years the aver-
age temperature has increased by 0.74 °C (Marek et al.
2011). According to prediction value of carbon dioxide will
reach the limit of 400 ppm very soon (Stocker et al. 2013).
Itis obvious that this phenomenon has been influenced by
human activity, mainly due to combustion of fossil fuels
and deforestation of tropical forests (Cudlin et al. 2013).
The Czech Republic extends on the area of 78 866 km?.
Forest ecosystems cover 29 076 km?, i.e. 36.9 % of the
whole area of the Czech Republic. Approximately conif-
erous forests cover 60% of the whole area and deciduous
forests 40%. Total timber reserve is about 934 mil. m3
(Vasicek 2015). Up to45% of the whole terrestrial carbon
is fixed in forests (Oulehle et al. 2011). These days sci-
entists have focused on the carbon quantification in ter-

restrial ecosystems and biomass in a different time span.
Many studies have been engaged in a question how to
assess carbon content by the most simple and exact way.

Assessment of carbon stock in aboveground biomass
has been worked out by methods based on both direct
measurement and remote sensing (RS) approaches.
Methodsbased on contact measurements always provide
the most accurate results but they are highly finance and
time consuming (Brown 2002; Coomes et al. 2002; Gibbs
et al. 2007; Machar et al. 2016). Satellite or radar data
have got great potential for determination of vegetation
carbon content. Moreover in inaccessible areas they are
the only possibility how to find out the carbon content in
vegetation cover. This is the reason why many research
studies have been focused on improved carbon assess-
ment using remote sensing methods (Goodenough et
al. 2005; Vicharnakorn et al. 2014; Mandal & van Laake
2005).

Basic methods of contact approach are forest inven-
tory, method of production tables and eddy covariance
method. Forestry inventory is greatly widespread way
of assessment of biomass and carbon stock on the base
of parameters realized during ground survey (Brown &
Schroeder 1999; Jenkins et al. 2004; Zhang et al. 2012).
Ponce-Hernandez (2004) described in detail the principal
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of tree allometry in connection with carbon measurement
in biomass. Main-Knorn et al. (2011) compared carbon
stock assessed by forest inventory with figures derived on
the base of satellite data analysis. Method of production
tables, used in the frame of IPCC programme, is based
on alink of individual classified categories and prepared
values on carbon stock or production, derived from pre-
vious contact measurements and literary knowledge.
This simple method is implemented by several models
e.g. InVEST or NLLUF-KP10 (Cruickshank et al. 2000;
Kareiva et al. 2011; Kuldeep 2011; Sanga-Ngoie et al.
2012). Eddy covariance method is based on the direct
measurement of CO, flows in the frame of ecosystem sta-
tions. The method is very precise, but it measures only
direct CO, flow on small areas (Hunt et al. 2002; Zhang
etal. 2012).

Remote sensing can be used for the assessment of
carbon stocks by two available means. First one is an
assessment of aboveground biomass from that selected
eco-physiological parameters (e.g. gross primary pro-
duction, net primary production, photosynthetically
active radiation) are derived and carbon quantity is cal-
culated (Field etal. 1995; Patenaude et al. 2005; Awange
& Kyalo Kiema 2013; Pechanec et al. 2014). The second
oneisaland cover mapping and derivation of basic char-
acteristics (type, spatial distribution and pattern) of its
categories and to combine these data with ground forest
inventory (Pachavo & Murwira 2014; lizuka & Tateishi
2015; Zheng et al. 2008).

The aim of this study was to propose some method
based on RS data for the assessment of carbon stock of
forest aboveground biomass on the territory of the Czech
Republic.

2. Material and methods

2.1. Expert data of carbon stock

In accordance with the basic [IPCC methodology of car-
bon stock assessment (Kuldeep 2011; Sanga-Ngoie et
al. 2012) expert estimation of carbon stock values has
been performed for vector data layer of the most detailed
level 3 of individual land cover classes of Corine Land
Cover (Corine LC). Particular land cover categories were
divided according the presence/absence of natural and
near to nature habitats (Chytry et al. 2010) according to

the Habitat mapping layer provided by the Nature Con-
servation Agency of the Czech Republic (NCACR 2014).
Proportional representation of non-natural habitats in
the territory not covered by the layer of Habitat mapping
was estimated using analyses of land use and carbon con-
tent on 450 x 450 m plots in the grid 7 x 7 km, made
by IFER Itd. in the frame of CzechTerra project (Simova
et al. 2009). The values of carbon stock of aboveground
biomass of individual 193 natural, near to nature and
non-natural habitats (Sejak et al. 1993) were derived
from literature (Stara et al. 2011). The carbon values
for each Corine LC class were ultimately determined by
means of the carbon values of natural and non-natural
habitats weighted by their average distribution in the
Corine LC classes in the whole territory of the Czech
Republic.

2.2. Satellite Landsat 7 ETM+ images

Data were acquired by means of the Earth Explorer tool
(http://earthexplorer.usgs.gov/). For the territory of the
Czech Republic there were selected 9 images of Land-
sat 7 ETM+ from 20. 5. 2012 to 11. 7. 2015. Date and
cloudiness coverage percentage were the key factors for
the selection of images. The basic condition was vegeta-
tion period, i.e. period from May to October. Mostly there
were selected images from the years 2013—2015 because
of small cloudiness and other meteorological conditions.
Only one image had to be selected from the year of 2012.
The list of all images used for an assessment of carbon
stock is displayed in the Table 1.

2.3. Satellite data procedure

Cloudiness masking

Because of not all images were obtained without cloudi-
ness and there were not other better images, there was
necessary to mask cloudiness on three images with [D
LE71910252013168ASN00,LE71920262014162ASN00
and LE71900262015183NSG00.

We use CALCULATE CLOUD MASK USING
FMASK tool, which is avalaible in ENVI software. Total
area under cloudiness mask covered the area of 32 760
hectares. The results of masking are seen on Fig. 1.

Table 1. Applied satellite Landsat 7 images of sensor ETM+ covering the whole territory of the Czech Republic for aboveground

carbon stock assessm.

ID Date WRS path WRS row Cloudiness [%] Format
1 LE71930252015156NSG00 5.6.2015 193 25 0
2 LET71920252012141ASN00 20.5.2012 192 25 0
3* LE71910252013168ASN00O 17.6.2013 191 25 18
4 LE71900252015183NSG00 2.7.2015 190 25 8
5 LE71890252013202ASN00 21.7.2013 189 25 0 GEOTIFF
6* LE71920262014162ASN00 11.6.2014 192 24 1
7 LE71910262013168ASN00 17.6.2013 191 24 0
8* LE71900262015183NSG00 2.7.2015 190 24 3
9 LE71890262015192NSG00 11.7.2015 189 24 0

Symbol * indicates images with mask by reason of cloudiness.
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Fig. 1. Final cloudiness mask on the image No. 6 with ID LE71920262014162ASNO00 (source: own/personal processing).

Mosaic framing and mosaic trimming for the territory of ~ Radiometric and atmospheric corrections of Landsat 7
the Czech Republic images

For unified processing of all 9 images their mosaicusing  Images from satellites Landsat 7 and 8 dispose of auto-
the ENVIsoftware (SEAMLESS MOSAICtool) wascar-  matic radiometric, geometric and altitudinal correc-
ried out. The outputs of this process are pictured on Figs.  tions at the Level 1T. For next level of atmospheric and
2 and 3. radiometric corrections there is necessary to utilize infor-

[ analysed area

o T other territories

Fig. 3. Trimmed edges of 9 satellite images of the Czech Re-  Fig. 4. Final area map delimitated for the assessment of car-
public (source: own/personal processing). bon stock of an area of the Czech Republic.
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Table 2. Calculation by method based on the ND45 index.

Application Formula
Generally ND45=128 x [(TM4 - TM5) / (TM4 + TM5)] + 128
Band Math ND45=(128 x ((float(b1) - b2) / (float(b1) + b2)) + 128)

Calculation of carbon stock
Calculation of carbon stock

Biomass [kg ha™'] =—478.58 + 4.5041 x ND45
Carbon [kg ha™'] = biomass  volume wood density (400 kg m™) x 0.5

E-NAVS I SR

mation on a specific image from the text metadata file.
Since a pixel value is represented after data download by
so called digital number (DN) which is not suitable for
quantitative picture analyses, it is necessary to transpose
it to calibrated value of the real image reflectance. This
operation is generally called radiometric calibration or
correction. This process was performed using ENVI pro-
gramme by means of the Radiometric Calibration with
the output TOA — Top of Atmosphere Reflectance. Then
atmospheric calibration was carried out using ENVI soft-
ware by Dark Subtraction, Quick Atmospheric correction
(QUAC) (Shippert 2013).

Banding elimination of Landsat 7 images

Regarding to the decrease of image quality of Landsat 7
by systematic error in consequence of SLC disturbance
in the year of 2003, an image radiometric defect had to
be removed. This process was performed with the help of
ENVI software using Fourier transformation.

Calculation of the aboveground carbon stock by means
of the NDA45 index
Calculation of aboveground carbon stock was done by
means of the ND45 index (Goodenough et al. 2005)
using the Band Math tool (ENVI software). The method
consists in an assessment of aboveground biomass on the
base of spectral vegetation index ND45. Assessed bio-
mass is then recounted to carbon stock (kg C per hectar).
Mathematical notation is described in the Table 2.
Calculation of carbon stock was applied for the
selected areas of the Czech Republic (43 841 km?) after
subtraction of a) areas of masked cloudiness and b) cat-
egories with low vegetation cover (e.g. built-up area) (see
Table 3). The plots were spatially defined on the base of
land cover classlevel 3 of the Corine LC 2012 (see Fig. 4).

Calculation of aboveground carbon stock with use of expert
assessment

For the assessment of carbon stock of aboveground bio-
mass by means of expert estimations, the same Corine LC
2012 datalayer was used. This layer was then segmented
according the presence of natural and non-natural habi-
tats. These segments were attributed by average expert
carbon stock values (t ha™) of aboveground biomass in
individual Corine LC classes, containing and non con-
taining natural habitats. Real carbon stock was then
calculated.

To obtain carbon stock of aboveground biomass in
forest stands the area of broadleaved, coniferous and
mixed forests (TAG 311, 312, 313) according to Corine
LC 2012 was determined. The Corine LC forest classes

were then assigned expert based carbon values per ha.
The carbon stock values determined by method of ground
observation and derived from remote sensing data were
compared.

Table 3. Land cover classes in the Czech Republicaccord-
ing Corine LC 2012. Symbol * is for categories of higher
percentage of vegetation cover.

TAG - level3 Landuse category Area [km?]
111 Continuous build-up area 15.7
112 Discontinuous build-up area 3828
121 Industrial and commercial zones 631.3
122 Public road and railway system 72
123 Ports 0.8
124 Airports 48.7
131 Mining areas 170
132 Dumps 79.4
133 Building sites 10.9
141* Urban green areas 67
142 Sports and recreational areas 173.3
211 Non-irrigated arable land 28998
221* Vineyards 164
222*% Orchards, hop-fields and garden plantations 294
231* Meadows and pastures 7946
242* Mixture of meadows, fields and steady fields 473
243* Agricultural areas with natural vegetation 7116
311* Broadleaved forests 2839
312*% Coniferous forests 17129
313* Mixed forests 6339
321* Natural meadows 257
322% Steppes and bushes 19
324* Underbrush in forests 1527
332 Rocks 1.7
333* Areas with low density vegetation 1.5
411 Marshes and swamps 60.6
412 Peatbogs 46
511 Water flows 46.3
512 Water sheets/areas 530.4
3. Results

The results of carbon stock calculation on the investi-
gated territory of the Czech Republic (43,841 km?), using
the method based on the ND45 index, were compara-
ble with expert assessment. Calculated carbon stocks of
aboveground biomass in the Czech Republicusing ND45
method was 277,842,483 tons, according to expert pro-
duction table 265,418,848 tons. Values of the carbon
stock for the investigated area differed only by 4.68%.

For the assessment of carbon stock of aboveground
biomass in forest stands the areas of occurrence of Corine
LC 2012 classes (conifer, broadleaved and mixed forests)
on the territory of the Czech Republic were summarized
and the carbon stock of aboveground biomass was com-
puted according to the expert assessment of carbon val-
ues for individual classes. The area used to find out the
carbon stock from remote sensing data had to be reduced
by area covered by cloudiness and therefore it differed
from the total forest area (Table 4).
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Table 4. Carbon stock of aboveground biomass in the forest
area of the Czech Republic (source: own/personal process-

ing).

Category Carbon stock [t]
ND45 method Expert assessment
Broadleaved forests 21,727,584 24,667,514
Coniferous forests 135,936,161 164,123,993
Mixed forests 48,534 471 55,968,486

Forests — total 206,198,216*
* for the total area of 24 517 km? ** for the total area of 27 009 km?,

244,759,992%*

Inthe case of entire forest stands there was stated the
difference of 7.19%. Difference for broadleaved forests
was 2.97%, coniferous forests 8.75% and mixed forests
4.47% in comparison with results obtained by expert
assessment. On the base of results we can presume that
the method based on ND45 index is suitable for the
assessment of above ground carbon stock on the terri-
tory of the Czech Republic.

4. Discussion

The assessment of carbon stock of aboveground biomass
from RS data seems to be applicable but we should criti-
cally discus not only data processing but also the compar-
ative expert based values. The calculation of aboveground
carbon stock was based on biomass estimation by means
of the ND45 index. This method belongs to the most
frequent if multispectral data are used (Cruickshank et
al. 2000); in the case of hyperspectral data, approaches
based on LAl index (Liang et al. 2012) or fAPAR index
(Hunt et al. 2002) are prevailing. The crucial problem
of used approach is the selection of vegetation index;
the most frequently used NDVI index has serious prob-
lems with the saturation effect at higher biomass values
(Sanga-Ngoie et al. 2012). Another frequently used
approach based on biomass empirical models works
unfortunately only with one picture from main vegeta-
tion phase which causes a lot of inaccuracies. The sea-
sonal NDVI index derived from time series could be one
of a suitable solution (Zhu & Liu 2014). According to
their results NDVI index has stronger relationship with
aboveground biomass in the autumn compared to main
growing season.

Another aspect influencing the selection of suitable
vegetation index is a structure and amount of analyzed
vegetation; forests in different vegetation zones dif-
fer strongly in their vegetation structure. Therefore we
analyzed a couple of indices (Goodenough et al. 2005;
Zheng et al. 2008) and selected ND45 index, derived on
two localities in Canada with tree species composition,
dominant spruce and pine species (Goodenough et al.
2005), relatively similar to our dominant tree species.

The method based on ND45 indicator has been
selected as optimal for the assessment of carbon stock
of aboveground vegetation by means of RS tools after
previous testing on a smaller area of 450 km? The very
importantrole is played by an input value —volume wood
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density. For the assessment of carbon stock in the Czech
Republic there was set value of 400 kg m~3 considering
extent and land cover categories of studied area. Using
value differentiation according to landscape cover cat-
egories could lead to further refinement of the results.

Expert based values of aboveground carbon stock
were constructed as a medium value for a given habitat
type under conditions of the Czech Republic. It means
that this coefficient does not reflect an actual state of an
individual habitat, given by above all its health status
and age structure. Due to this fact the values obtained by
means of the method based on mean ND45 index could
provide sufficient information about actual mean state
of aboveground biomass.

Only few publications have presented a comparison
between carbon computation from remote sensing data
and expert estimation. The results of one of them, report-
ing 4% difference using NDVI index (Sanga-Ngoie et al.
2012), are very similar to our results.

In this paper it was mentioned that the real values of
reflectance must be available for the quantitative image
analysis. Input units of TOA reflectance were used for
the assessment of carbon crop, it means radiometrically
calibrated DN values according specific factors (e.g. sun
elevation) for each image. Unfortunately, atmospheric
influences have not been removed from these data. There
were undertaken some tests to remove atmospheric influ-
ences using method of Dark Subtraction but obtained
results of reflectance were evaluated as unsuitable.
Improper removing of atmospheric influences could
slightly affect obtained stock values. In a new version of
the ENVI software more advanced tools for removing of
atmospheric influences — QUAC and FLAASH modules
have been implemented but they were not accessible to
authors at that time.

5. Conclusion

The aim of this study was to propose some method based
on RS data for the assessment of carbon stock of for-
est aboveground biomass on the territory of the Czech
Republic. Comparison of results of aboveground carbon
stock computation by RS method based on ND45 index
with results obtained by the expert assessment showed
that less time consuming RS method is applicable for
bigger areas. Values of the carbon stock for the entire
valuated area differed only by 4.6%, for forest area the
differencesranged from 2.97% to 8.76% according to the
forest category. The results of RS method proved to be
comparable with methods of ground observation that are
often expensive and time consuming. Moreover ground
observation methods are not applicable in inaccessible
areas. In addition, information about aboveground bio-
mass carbon stock in the Czech Republic in 2012 can be
compared in future with up-to-date values to monitor
changes in carbon storage.
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