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BY MANAGEMENT OF TERRESTRIAL ECOSYSTEM

ABSORPCJA CO, PRZEZ EKOSYSTEMY L ADOWE JAKO SPOSOB
NA PRZECIWDZIALANIE WZROSTOWI JEGO ST EZENIA W ATMOSFERZE

Abstract: Carbon dioxide fluxes between ecosystems of thithEEae presented. It was shown that intensifyiag i
absorption of terrestrial ecosystems by 3.2% wquiale sufficient to neutralize carbon dioxide erigigs from
the combustion of fossil fuels and cement produactibwas shown that Polish forests absorb 84.8amitons of
COylyear, that is 26% of emissions from fossil fuentstion and cement production, while agricultwraps
absorb 103 million tons of Gfyear. Total carbon dioxide sequestration by farestd agricultural crops amounts
to 187.5 million tons of C@year, which is tantamount to 59% of emissions fri@ssil fuel combustion and
cement production. Forestation of marginal soilsildurther increase carbon dioxidbsorption in Poland by
20.6 million tons of C@year. Moreover, if plants were sown in order toduce green manure - instead of
leaving soil fallow - sequestration could still be@osted by another 6.2 million tons of Zy@ar.
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Introduction

According to Intergovernmental Panel for ClimateaGe, one of the greatest threats
to the development of modern world is the climatarming caused by increased
concentration of greenhouse gases in the atmosplvbieh retain the heat radiated from
the surface of the Earth.

It should be noted that the greenhouse effect @és a beneficial phenomenon, were
the heat not retained by the greenhouse gases ated vapour, the mean temperature on
the surface of the Earth would amount approximately14°C. The problem consists in
an exceeding amount of greenhouse gases emitt¢idebgresent-day civilization, mainly
due to fossil fuel combustion, cement productiang ahanges in land use, which lead to
a further increase of temperature on Earth.

According to the reports of Intergovernmental PdpelClimate Change, the rise of
temperature on Earth leads to disastrous climatnges.

Although most scientists concur with this viewpginhtshould be mentioned that there
are also contradictory opinions. For instance, RidhLindzen - an outstanding American

! Faculty of Environmental Engineering, Lublin Unisiéy of Technology, ul. Nadbystrzycka 40B, 20-@islin,
Poland, phone +48 51 538 44 02, fax +48 81 538719 9
" Corresponding author: a.pawlowski@wis.pol.lublin.p



214 Artur Pawtowski, Matgorzata Pawlowska and Lucjamvi@avski

climatologist - does not negate the existence eégnouse effect; however, he expects that
the magnitude of climatic changes will be far mild2]. According to Lindzen, taking
decisive actions aimed at curbing £€nissions, achieved mainly through limiting fossil
fuels combustion, is unjustified; especially asytlaee disadvantageous for the economies
of numerous countries.

Excessively one-sided approach of mitigating ,Gfnission from anthropogenic
sources, focusing on limiting fossil fuel combustiomay slow down the economic
development of many countries [2, 3]. Generationepérgy from renewable sources -
especially advocated in the EU - which aims atrlitegation of CQ emissions, often leads
to the creation of socio-economic problems [2,r8] & coupled with negligible efficiency
in CO, reduction. Negative examples include the productibbiodiesel fuel from the oil
obtained from coconut palms, grown in Indonesiatlom land acquired by burning off
tropical forests or the production of ethanol fraorn [4, 5]. Promotion of biofuels was
based on a simplified analysis and the assumplianthe amount of C{produced during
biofuels combustion is equal to the amount absorlfiesn the atmosphere in
photosynthesis.

Although this statement is true, it does not actofon additional energy costs
connected with the cultivation, harvest, and prsicesthe plants into biofuel. Moreover,
such assumption omits the fact that in order tater@ plantation, another ecosystem was
destroyed - such as a tropical forest or peatlamtlich would absorb greater amounts of
CO, from the atmosphere. These losses in, @sorption are known as G@bsorption
losses caused by changes in land use [6].

Therefore, introducing renewable energy sourcesires| an in-depth analysis of both
socio-economic and environmental effects. Brazil aiscountry which successfully
introduced ethanol for fuelling cars on a largelesc®& comprehensive programme of
utilizing sugar cane for ethanol production was edeped, which also took into
consideration the socio-economic and environmexaadlitions [7].

While the use of plants as a source of energy delyiadvocated as a remedy for £O
emissions, the role of terrestrial ecosystems,uiliog agriculture, in mitigating the
increase of C@concentration in the atmosphere remains underajaped. It should be
noted that the emissions from fossil fuels comlomstind cement production constitutes
only about 4.7% of C@emissions from the natural sources, terrestrial ecosystems and
oceans. The CQabsorption of these two main ecosystems equalsG53/year (10tons
of carbon per year = 10g Clyear). Therefore, in order to neutralize theéssion from
anthropogenic sources, which in 2011 amounted8a9.5 Gt Clyear, it would be enough
to intensify the C@absorption of the afore-mentioned ecosystems 4.8

Hence, there is the question of whether adoptiegsthategy of focusing on mitigating
CO, emission from anthropogenic sources - throughreite, costly changes in energy
acquisition with geological C{equestration - was reasonable, if small, aboetgiercent
changes in C@absorption by terrestrial ecosystems can achiesimidar effect.

Therefore, simultaneously increasing L£&bsorption and reducing its emission by
terrestrial ecosystems can significantly contribiotgards the mitigation of the greenhouse
effect.



21%

Mitigation of greenhouse gases emissions by manageaf terrestrial ecosystem

Characteristic of CO, fluxes in terrestrial ecosystems

According to the data published by le Quere [8}, élverage emissions of G@to the
atmosphere originating from the combustion of fofisels and cement production are
constantly on the rise - Table 1 (also Fig. 1 i).[8

Table 1
CQO; emissions from fossil fuel combustion and cemeatipction [8]
Years| 4

Emission 1960-1969| 1970-1979 1980-1989 1990-1999 2000-Z200805-2014 2014

Emission 31402 | 47:02| 55203 6403 7.8:04 9.06:0 9.8105
[Gt Clyear]
Emission

[Gt CO, lyear] 11.4 +0.7 17.2 £0.7 20.2+1.1 23.5+1{1 28.6 +1.5 3 +3.8 35.9+1.8

Apart from the industrial emissions, changes irdlase constitute another source of
anthropologic emissions, and mainly involve deftaésn and drying of marshes
(Table 2) [9].

CO;, emissions caused by changes in land use, maicilydimg deforestation and drying of marshZ:?B? ?
Years 1960-1969 1970-1970 1980-19B9 1990-1999 2005-2014 2014
[gtm(';;'e‘;r;] 15405 | 1.3$05| 14405 1605 10205 0%0 1.1:05
[Gfgqciif;?e”ar] 55+1.8 | 48:1.8| 51418 5918 3718 3.3l 4018

As it turns out, the natural fluxes of @@re much bigger. Terrestrial systems absorb
123 +8 Gt Clyear, converting it to biomass [10, 4ddl emit 119 +1 Gt C/year (Table 3).

Table 3
Net CQ absorption by terrestrial ecosystems [8]
Years 1960-1969 1970-1979 1980-1989 1990-1999 2005-2014 2014
Absorption
[Gt Clyear] 1.7 £0.7 1.7 £0.8 1.6 +0.8 2.6 £0.9 2.4+08 3.8t0 4.1+0.9
[GAtbg&r?ngr] 62426 | 62%29| 59429 95+29 88120 11942 15433

The observed increase of g@bsorption by terrestrial ecosystems is causechby t
fertilising effect of rising atmospheric concenimatof CO; on plant growth, as well as the
fertilising effect of nitrogen compounds, mostlytragen oxides emitted from industrial
plants. To a certain extent, lengthening of thengmg season in northern temperate and
boreal areas also affects the process.

Table 4
Net CQ absorption by oceans [8]

Years 1060-1969 1970-1970 1980-19B9 1990-1999 20052014 2014
Absorption 1.1+05 | 15405| 20405 22408 2305 260 29405
[GtClyear]

[(’;bcsgzr/p)t/'s;‘r] 40+18 | 55+18| 7.3+1.8 81:1.8 8418 95+l 106418
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Simultaneously, C®is absorbed by oceans. According to IPCC assedsfthh
oceans absorb 92 Gt Cl/year and release 90 Gt Glytlae same time. The increase of,CO
concentration in the atmosphere shifts the balamdavour of CQ absorption by oceans
(Table 4).

As a result, the content of G@h the atmosphere has been increasing at a shater
than it would seem from the anthropogenic emis§i@ble 5).

Table 5
Increase of Cerontent in the atmosphere [8]
Years 1960-1969 1970-1979 1980-1989 1990-1999 2005-2014 2014

CO, content in the

atmosphere - 1.7 +0.1 3.4 0.1 3.1+0.1 4.0 0.1 4.4 +01 802

[Gt Clyear]
CO, content in the

atmosphere - 6.2+0.4 125104 11.4+0.4 14.7 £0{4 16.1 +0.414.3 0.8

[Gt COf year]

It resulted in an increase of its concentratiothamatmospheree@. Fig. 2 in [8]).

While comparing the net Gmissions from anthropogenic sources, amounting to
3.9 #0.2 Gt Clyear in 2014, with the g@bsorption by terrestrial ecosystems, equal to
123 Gt Clyear, it can be easily seen that raisi@g &sorption of terrestrial plants merely
by 3.2% could inhibit the increase of i@ the atmosphere.

Therefore, it seems reasonable to check whethisrpbssible to stop the increase of
CO, concentration in the atmosphere by appropriateag@ment of C@®absorption in
terrestrial ecosystems.

Role of terrestrial ecosystems in the regulation of C&cycle

Terrestrial ecosystems are essential to the regolaif CO, fluxes. The greatest
amount of CQ, i.e. 547.8 Gt C, is found in tropical and subtropicatekts, as well as
peatlands [13-20]. Out of this amount, 406 Gt €astained in tropical forests (190 Gt C in
plant biomass on the surface and 226 Gt C in sbil)pical forests are one of the most
important terrestrial ecosystems, which absorb @pprately net 1.3 Gt Clyear:
0.6 Gt Clyear in Central and South America, 0.4CGfear in Africa and 0.25 Gt Clyear in
Asia [21, 22]. One hectare of tropical forests egmt 90 to 200 tons of carbon.

It is estimated that 6.5 to 14.8 million ha of ticg forests is cut down in this area,
increasing the annual emission by additional 028&. C [23, 24].

Peatlands play an extremely important role in thsogption of CQ. It is estimated
that approximately peatlands contain 550 Gt C, dndha holds 1450 t of carbon.
Unfortunately, drying of peatlands to create adtizal lands, often for the purpose of
cultivating biofuel plants, leads to their rapidgdedation and release of gto the
atmosphere. It was found that elimination of 6 imill ha of peatlands contributes to the
annual emission with additional 0.5-0.8 Gt C [2§-27

It is worth noting that biodiesel produced from @oat palm grown on peatlands
converted to coconut farms does not fulfill theeesil role of biofuelsi.e. decreasing CO
emissions. On the contrary, it increases the earigsiree- to nine-fold [9, 10].

The third important ecosystem includes tropical andtropical meadows, savannahs
and shrubs, which contain 463.6 Gt C. They areanalole to fires that increase the annual
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CO, emission by 0.5-4.2 Gt C. Nevertheless, these ystamms have an annual net
absorption of 0.5 Gt C [18, 27-30].

In a temperate climate, meadows play a vital mlthe regulation of C&luxes in the
Earth’s ecosystem. They contain 183.1 Gt C, with &3 C/ha accumulated in soil [18].

Forests in temperate zones constitute another tédsetosystem. They contain
314.9 Gt of carbon. These forests are charactetbigeigh carbon content, ranging from
150 to 320 tons of carbon per hectare. The ardareéts in North America and Europe
constantly increases. Currently, the European teatpeforests absorb 7-12% of €O
emitted from anthropogenic sources [31, 32]. Itubtidoe expected that further forestation
and appropriate management of forestry may becameob the main C@sequestration
mechanisms. Boreal forests in Russia, Alaska, asghd@navian countries also contain
huge amounts of carbon (approximately 384.2 Gt fadow temperatures, decomposition
of dead biomass in these forests occurs slowlys,thail is rich in carbon (116-343 t/ha).
They are an important element of £€&questration. One should bear in mind that net CO
absorption occurs only in young forests. It is se$pd that mature forests balance the
absorption and emission of GQvhich means that old forests do not contributéh net
CGO, absorption.

Tundra constitutes yet another ecosystem; it coatdb5.4 Gt C [33, 34]. Tundra is
found in the arctic areas in the Northern Canadan&inavian countries and Russia, as
well as Greenland and Iceland. In this zone, bottwth and decomposition occur slowly;
hence, under a relatively thin layer of soil thésea permanently frozen layer called
permafrost. It is estimated that the latter cor#di600 Gt C [31, 35-37].

There are concerns that ¢&nhd CH, trapped in permafrost will be released due to the
global warming. It is estimated [38] that this eggiem may release 100 Gt C in the form
of CO, and CH, which would increase the concentration of cariootme atmosphere by as
much as 47 ppm.

This means that the natural terrestrial ecosys@msnormous reservoirs of carbon.
They contain approximately 2000 Gt C, and the ahme& absorption equals about
1.5 Gt C. Tropical forests play an especially intant role in carbon balance. It is
estimated that till the year 2100, sequestratiocaniion by natural ecosystems will prevent
the increase of C{n the atmosphere by 40-70 ppm.

Agriculture is a separate issue [39]. Deforestatind drying of peatlands - performed
in order to convert them into agricultural landsict only leads to a decrease of £O
absorption by plants, but also further increasesGk emission due to the oxidation of
organic carbon in soil, which is one of the biggestervoirs of carbon [40]. IPCC report
[18] estimates that the amount of carbon in orgamimpounds found in soil equals
1580 Gt. Lal [41] provides similar figures: 1550 @t organic carbon and 950 Gt of
inorganic carbon.

This data shows that terrestrial ecosystems, ealpedorests are vital for the
regulation of CQcontent in the atmosphere, which was pointed oul.lfyzyszko, Polish
Minister of Environment.

Assessment of C@sequestration by terrestrial ecosystems in Poland

The analysis of COfluxes between main ecosystems of the Earth shbatwe
should pay more attention to G&equestration in natural processes.
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In Poland, the emission from the combustion of ifosgel and cement production
gradually decreases, mainly due to the eliminatbrindustry resulting from so-called
Balcerowicz Plan. In 2014, the total COemission in Poland amounted to 316.8 million t of
CGO, [40].

As far as mitigation of C@emissions is concerned, forests are one of the most
important ecosystems. In Poland, they cover ancqipate area of 9.4 million ha [40].
Depending on the species and age of trees, 1 faeasdt absorbs 30-35 t G@ear. Thus,
the total absorption of COby forests ranges from 283 to 329 million t £O
Simultaneously, forests emit GOn the processes of respiration and organic matter
decomposition.

Gaj [41], using data of Veroustraele and Sabiepnspthat the net CQabsorption of
Polish forests equals 9 t/ha per year, on averfigis. means that Polish forests absorb the
net amount of 84.6 million t COannually,i.e. 26% of emission from anthropogenic
sources.

Similar intensity of CQ@ absorption characterizes orchards, which cover
341.8 thousand ha in Poland and absorb 3.1 milios of CQlyear.

Significant degree of CQabsorption is displayed by pastures (4.8 t/88® per year)
and grasslands (2.6 t GfBa per year) [42-44]. Pastures in Poland exteret an area of
486 thousand ha. Hence, the annua} &%uestration equals 1.9 million t g¢ear. On the
other hand, the area covered by grasslands isréatay and amounts to 2.6 million ha.
Thus, the annual C&equestration in this case equals 6.8 million &/g&ar.

By far, the greatest area of land - 7.48 million-li& occupied by cereal crops [40, 41,
45-47]. According to the available data on {¥Bquestration for Spain [48], wheat absorbs
13.9 t CQ/ha per year, while oat - 11.7 t @Ba per year. However, sequestration in the
climatic zone of Poland is less efficient. Withsthdata, it is possible to estimate that the
CO, sequestration by cereal crops is about 74.8 millioCQOJ/year. The total C®
sequestration by orchards, cereal crops, pastued, grasslands amounts to about
86.6 million t of CQlyear,i.e. about 25% of annual anthropogenic emission in Rbla
Moreover, industrial crops cover 1.16 million h&heteas potatoes occupy 267 thousand ha
[40]. There is no data on GQ@equestration for these plants. It can be assuhatdt will
be similar to the sequestration of such vegetafdesauliflower, broccoli, artichoke, and
tomato. According to [42, 49], these vegetables draracterized by the following GO
sequestration values: cauliflower - 36 t £Zi@a per year, broccoli - 22 t GBa per year,
artichoke - 13 t Cgha per year, tomato - 24 t GBa per year. Assuming that the £0
sequestration of potatoes is similar to artichokesgn be calculated that they are absorbing
approximately 3.5 million t C@year. For industrial crops, assuming the sequistréevel
of cereal crops,i.e. 11 t CQ/ha per year, absorption of GOis equal to
12.8 million t CQlyear.

The above-mentioned calculations show that, G&questration of agricultural crops
equals 103 million t Cégyear. If we combine this with forests, the sum|wital
187.5 million t CQlyear, which roughly corresponds to 59% of emissifsam fossil fuel
combustion and cement production. In other wor@8p ®f CQ emissions from these two
sources is absorbed by agricultural crops and teres

Potentially, it would be possible to increase,&@questration of terrestrial ecosystems
in Poland. Sajnog and Wojcik [43] estimate thatFoland there is 2.3 million ha of
marginal soils. Forestation of these areas woudtease C@sequestration in the future by
20.5 million t CQlyear.
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Moreover, 475 thousand ha is left fallow. Thesedfarcould be used for GO
sequestration, which could be done by growing pldat green manure. Benefits of this
solution are twofold. It would enable to increas®,Gequestration in the country by
6.2 million t CQ/year and improve soil fertility by increasing husnand nutrient content.
Undoubtedly, it would reduce the demand for minefattilizers, especially if
nitrogen-fixing plant were to be grown. As a resdlte emission of greenhouse gases
connected with the production of mineral fertiliz@vould be cut.

Conclusions

CO, sequestration by terrestrial ecosystems is anngakealbeit not fully utilized
method of mitigating C@emission to the atmosphere. The authors of thikwsoe not
experts on plant cultivation and hence the datasgmed should be treated as
approximations. It would make sense to performraddpth analysis of the existing and
prospective possibilities of G&equestration by terrestrial ecosystems in Poltrid.all
the more important, considering that the work pmése possible methods of improving
CO, sequestration through further forestation and aatiion of fallow land for the
production of green manure, which would absorbeast 27 million t C@year. One of
possible way to increase G®equestration by forests is its fertilisation [44}would allow
for a further reduction of anthropogenic £€nissions in Poland by additional 8.5%.
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