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6 L. Ryszkowski, A. Kedziora

flexible in their policies. However, carbon sequestration was only defined in
terms of the processes of afforestation, reafforestation and deforestation. In ac-
cordance with the Kyoto Protocol, afforestation means the act of establishing
forests on previously non-forested land, while reafforestation is the establishment
of forests on land previously covered by forests, and deforestation the removal
of forest. In accordance with these definitions, the carbon sequestering processes
are confined to those that bring about the storage of carbon in forests. However,
terrestrial ecosystems have many other processes by which carbon can be seques-
tered, like storage in the soils of cultivated fields, grasslands and wetlands, and
others. However, these are not taken into consideration under the Kyotot Proto-
col, despite the fact confirmed by scientific research that they may in some
regions have much greater significance on carbon cycling than forests. The lack
of such recognition may significantly distort the correctness of the actions set out
in Kyoto with a view to limiting the concentrations of GHG in the atmosphere.

At this point, we would like to draw attention to a further difficulty in the
relationship between science and policy. Kyoto provisions regarding CO, are not
based on the carbon balance worldwide. A correct quantitative assessment of
carbon cycling is very hard to achieve, and the methods used to do this will
undoubtedly be much improved in the not-too-distant future. Leaving aside the
existing difficulties, the assessments made so far have shown that carbon emis-
sions from fossil fuels and industrial activity are currently running at c. 6.5 Gt
a year. This is about 10% of total annual carbon emissions into the atmosphere
(IGBP 1988)'. Carbon storage in the biomass of living plants (e.g. trees) repre-
sents only a temporary withdrawal from cycling. In the course of the decompo-
sition or burning of plant biomass the carbon therein is re-released to the atmos-
phere. Of much greater significance in the sequestration of carbon is its storage
in humus, whose decomposition time is very much longer. For this reason, an
effective policy of carbon sequestration should make use of the processes by
which humus is created and seek then to limit its mineralization if the action
taken is to work over a longer time period.

The above remarks demonstrate the difficulties which have to be overcome in
building a consensus between scientists and politicians. No less difficult, and
perhaps more difficult, is to account for economic or legal aspects in devising
methods by which to implement the UNFCCC. These issues have been discussed
in more detail in the paper from M. Sadowski published in the presented con-
ference materials.

Both the Kyoto Protocol and other proposals for using biological processes in
carbon sequestration attach particular significance to forests, while other terre-
strial ecosystems — most notably agroecosystems — are assigned a more minor

' IGBP, 1988, The terrestrial carbon cycle: implications for the Kyoto Protocol, Science, 280,
1393-1394.
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8 L. Ryszkowski, A. Kedziora

phere of changes in land use. Thus, for example, Pielke et al. (1991)* or Stohlgren
et al. (1998)° have shown that changes in land use have a greater impact on
regional climate and water resources than global climate change alone would
have. As mentioned, this theme is only now beginning to be explored, but it was
represented at the Conference by the paper from A. Kedziora and L. Ryszkow-
ski, who indicate that land-use changes in the next few decades will have greater
impacts on the convectional transport of energy into the atmosphere than would
the assumed effects of climate change with no accompanying differences in land
use. Equally, this shows that by increasing the structural diversity of the land-
scape, it is possible to mitigate the effects of global climate change to some
extent.

In summary, the papers presented at the Conference can be said not only to
have assessed the roles of forest and agricultural areas in Poland where global
climate change is concerned, but also to have broadened and deepened our
knowledge of the impacts ongoing between terrestrial ecosystems and the atmos-
phere. In consequence, they may find good application in policy seeking to
combat global climate change.

Lech Ryszkowski, Andrzej Kedziora
Guest Editors

2 Pielke R. A., Daki G. A., Snook J. S., Lee T. J, Kittel T. G. F., 1991, Non-linear influence
of mesoscale land use on weather and climate, Journal of Climate, 4, 1053-1069.

2 Stohlgren T. J., Chose T. N., Pielke R. A, Kittels G. F, Baron J. S., 1998, Evidence that
local land use practices influence regional climate, vegetation and stream flow patterns in adjacent
natural areas, Global Change Biology, 4, 495-504.
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12 M. Sadowski

Table 1. Changes of total anthropogenic CO; emissions related to the reference year 1990
(100%) in 1990-1995 (excluding land-use change and forestry)

Country 1991 1992 1993 1994 1995
United States 99 100 103 104 105
Australia 101 102 103 105 109
Canada 98 101 101 104 108
Austria 107 97 96 96 100
France 106 106 99 99 102
Germany 96 91 91 89 88
Ireland 103 105 104 108 110
Japan 102 103 101 108 108
Netherlands | 104 103 105 105 109
Norway 95 97 101 106 107
Sweden 100 101 101 106 105
United Kingdom ‘ 101 98 95 95 93
Bulgaria i 68 62 64 61 64
Czech Republic 93 85 81 77 78
| Estonia 98 73 58 60 55
| Hungary 81 72 73 T 71
Latvia 78 66 58 48 | 49
Poland” bd 78 bd 78 78*
Slovakia 88 81 77 72 81
Russian Federation 93 85 78 70 bd

* 1988 is the reference year for Poland,
* 1996,
bd — lack of data.

be no difficulty in their meeting the obligations adopted. However, as early as at
the First Conference of the Parties (Berlin 1995), some of these countries (Nor-
way, the United States and France) were not ashamed to admit that they were
unable to meet obligations under the Convention. This problem was trumpeted by
non-governmental organizations, which were very active during all the negotiating
sessions of the First Conference of the Parties. It has recently emerged that the only
parties meeting their obligations are the former socialist countries (on account of
economic and systemic reforms and consequent recession), Germany (thanks to the
modernization of the former East German economy) and the United Kingdom.
1990-1995 changes in emissions of CO, from anthropogenic sources were presented
for selected countries in Annex I to the Convention (Tab. 1).

The Climate Convention also introduced a series of provisions concerned,
inter alia, with the joint meeting of obligations by two or more countries, in the
form of joint investments (the so-called joint implementation, mechanism-JI), the
transfer of clean technologies to developing countries on preferential terms, or
additional financial assistance to these countries.

Unfortunately, for a variety of reasons, none of these provisions are being
implemented satisfactorily. The JI mechanism has been objected to by develo-
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20 B. Jakubiak

surface (L,) and the second the downwelling thermal radiation to the surface
emitted by the atmosphere and clouds (L,). Under clear conditions, the net effect
is usually a loss of energy from the surface, with instananeous values ranging
from approximately 50 to 150 Wm™. When clouds are present, this net loss from
the surface is normally reduced from the clear-air value.

The upwelling thermal radiation from the land surface is estimated using the
surface air temperature from synoptic weather service reports as the emitting
temperature in the Stefan-Boltzmann relationship, that is,

L,=¢8 T 3)

In this equation € — equals surface emmisivity (presumed = 0.98 for vegetated
surfaces, dimensionless), ¢ — is the Stephan-Boltzmann constant (5.67x10-8 K-4)
and T - is the surface emitting air temperature (K). The daytime net long-wave
radiation budget is estimated first by calculating clear-sky emissivity (€c, dimen-
sionless) as a function of the air temperature and air vapor pressure of the lower
atmosphere. The equation for net long-wave radiation at the surface under clear
conditions is then

an = Lu(l » ec) (4)

When clouds are present, the ratio C (dimensionless) is calculated by dividing
the actual incident solar radiation by a theoretical value calculated for clear-air
conditions. C is used to estimate the influence of clouds on clear net surface long
radiation and the resultant cloudy net long-wave radiation is then calculated using
the expression

I‘I.' - 1‘/{| » ( (5)

This has the desired effect of reducing the net long-wave flux from its clear-
sky value when clouds are present. While the estimation of the L, — term in the
radiation budget may have large relative errors compared to the range of potential
values, this net thermal radiation for daytime periods is usually small compared
with the solar component of total net radiation. As a result, errors in the total net
radiation budget caused by errors in estimating L, — are relatively small. The
ground flux term G - in formula (1) is often also a smaller term in the energy
budget of the land surface, especially for vegetation-covered soil. On average, the
daily conduction total is 0.10 times the daily net radiation.

FROST PROTECTION OF HIGH-VALUE CROPS

Successful prediction of air temperature near the freezing point of water
depends on the skillful description of the temporal evolution of many subtle



http://rcin.org.pl



22,

B. Jakubiak

10 Jul 98 15:00 UTC

Fig. 1 Surface latent heat flux [Wm] at 15 UTC,

X_03234
+261
"7
+093
+009

075

10 July 1998 simulated by the UMPL model

24 Nov 98 15:00 UTC

Fig. 2 Surface latent heat flux [Wm_z] at 15 UTC,
24 November 1998, simulated by the UMPL model



Main features of global climate models

23

10 Jul 98 15:00 UTC

X_02207

Fig. 3 Downward thermal radiation flux [Wm_z] at 15 UTC,
10 July 1998 simulated by the UMPL model

24 Nov 98 15:00 UTC

Fig. 4 Downward thermal radiation flux [Wm'z] at 15 UTC,
24 November 1998, simulated by the UMPL model

http://rcin.org.pl



T ”45 : s ‘_‘!-’ & -',', R
.".“; e e ‘* Wi ‘-.'H'( F-'o\-"‘t. e
PN 28 A NS _*--'»l?'ﬂu i

A=Y
i Tt = B I T e SR
o il Phdiey b

S STy

ool




http://rcin.org.pl



2 AN
'f:.‘)“"'.-*"' %
LN BS ‘n. LA




s , " ¥
,'.‘- . -u;l- v-.ﬂn -y A
ll&-"q\o R ey A B
."“—u‘. 4" :.,.1';—"
‘-ﬂ-‘& e
’W_f. i Q

S SR S L — ﬁ ,
e MA&‘ -‘.J"""\ - )
M nl ol 'HI ':"m “.m‘y ks “,!—\ r -‘l A '.b_'"xu, -7

MR e e “?——- - " Y S b o LR “'} J "M‘.

’

o A -

'L"‘!" *abdib’sl 4 J_. 7“’\,,-7_‘ -l",'

]
o el vl s
'v(r"?v“b“-—‘l \7~°r~ ,grh—-,‘.'-v ,‘-,’
Mq‘?‘hq’uar” 3 nufﬂd«."ﬁk'.n\ o...,.\?““.-,'“.

Sy A e s ey [ A S <

' N -
N w © \-t, .
t? A‘" "\?;,.’
’0 - ano - W e AR
. Syt

e '\-rﬁfraﬁw
wc‘tv‘*«”&-;-mnx’ 3
’&’”v"’*’amwr- e

ht /7’rcm'org pl» L T
.S‘ tP. y ..-'.A'I ! &’43



28 K. Rykowski

The awareness of human responsibility led the countries to a conference held
in Kyoto (December 1997). The parties to the UNFCCC agreed to sign a protocol
to reduce greenhouse gas emissions by using the forces of the global marketplace
to protect the environment. A central feature of the Kyoto Protocol is a set of
binding emission targets for signatory countries. Forestry activities (such as
afforestation) were agreed on as offsets against emission and forests were recog-
nised as providing a chance to mitigate the greenhouse effect.

Poland has committed to reduce her GHG emissions to a level of 94% of the
base emission from 1988 (before the period of transition).

Poland is a small (312.5 x 10° km?) country with forest cover of ca. 28%,
which constitutes very small portion (ca. 0.002%) of the world total. The poten-
tial for Polish forest ecosystems to mitigate the greenhouse effect on a global
scale and in relation to a whole Earth threatened by CO, concentrations, is not
significant and could from this point of view be neglected. But, from the domes-
tic point of view, and in the light of the obligation under the Kyoto Protocol,
forest and forestry present a major focus for our environmental policy and are an
important element in the country’s development strategy into the 21st century.

FORESTS AND CLIMATE CHANGE

According to the FAO definition “forests”, are plant communities in which at
least 10-20% of the surface area is covered by tree crowns. These account for
roughly 3 459 million ha or about 27% of the Earth’s land surface (FAO 1995).

“Other wooded areas” are defined as plant communities in which tree crowns
account for less than 10-20% of the surface area and the vegetation consists
mostly of shrubs, shrubby trees and thickets of woody plants between 0,5 and 7,0
meters in height. As these plant communities cover an additional 13% of the land
area, more than 40% of the Earth’s land surface supports of forests or other
wooded areas. More than half of these areas are located in the tropics.

Green plants remove CO, from the atmosphere through photosynthesis. The
carbon is stored in the foliage, stems, root systems and, most importantly, the
woody tissues in the main stems of trees. Because of the long life span of most
trees and their relatively large sizes, trees and forests are storehouses of carbon.
Overall, forests store between 20 and 100 times more carbon per unit area than
croplands, and play a critical role in regulating the level of atmospheric carbon.

The world’s forests have been estimated to contain up to 80% of all above-
ground terrestrial carbon and approximately 40% of all below-ground terrestrial
carbon (soil, litter and roots). This amounts to roughly 1 146 Gt C (1 Gt = 10° t).
Approximately 37% of this carbon is stored in low-latitude (tropical) forests,
14% in mid-latitude (temperate) forests and 49% in high-latitude (boreal) forests
(Dixon et al. 1994).

There is much confusion and uncertainty associated with the climate change
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Assessment of the importance of forests in reducing global climatic change 31

CARBON AND FORESTS

Carbon is the most important carrier of matter and energy — about half of the
dry matter in forest biomass is carbon.

In contrast to fossil carbon, which moves in only one direction, from the
reserves into the atmosphere, forest carbon is part of cyclical flux (Fig. 1). Forest
carbon can be used repeatedly by sustainable management not only of forests
— but also of wood as a forest product.

A unique characteristic of forest is the large pool of carbon in living biomass
(Tab. 1, 2) and in forestry products. It was estimated that boreal forests contain
a carbon pool of 64 x 10" g of C in living biomass, 231 x 10" g of C in soil and
detritus and 419 x 10'° g of C in peatlands. Ca. 4 x 10'> g of C is estimated to
be retained in wood products derived from the boreal region. By comparison, the
atmospheric pool is about 700 x 10'° g of carbon. Temperate-zone forests are
estimated to contain 20-40 x 10" g in above-ground biomass and 70-100 x 10'"° g
of carbon in below-ground stock (Apps et al. 1993).

Hypothetically, if all the carbon from boreal forests were released into the
atmosphere, the concentration of CO, in the air could double. The organic carbon
currently found in the boreal zone has accumulated in the past 10 000 years after
the last glaciation. The mean accumulation rate has been about 80 x 10'? g (mil-
lion tonnes)/year. The current accumulation rate is estimated to be considerably
higher: 700 x 10" g/year in the boreal zone, and more than 200 x 10'? g/year in

ATMOSPHERE (CO2) ATMOSPHERE (C02)

] T

(A) (B)

FOSSIL RESERVES

Fig. 1. Carbon flux associated with (A) fossil production and (B) forest sector
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communities (Olsen et al. 1983)

Table 1. Estimates of average above ground stored carbon/ha by various vegetation

Holdridge life zone tC/ha
Forest
Tropical wet 100
Tropical moist 70
Tropical dry 50
Subtropical wet 65
Subtropical moist 35
Warm temperate 50
Warm dry temperate 25
Cool temperate 50
Wet boreal 55
Moist boreal 40
Other plant canopy

Temperate steppe 8
Cool temperate steppe 5
Tropical desert bush 2
Temperate desert bush 3
Boreal desert 5
Tundra 25

Table 2. Estimated carbon densities per unit of forest area in the vegetation
and soils of the world’s forests

Latitudinal belt

Carbon density tC/ha

(type of vegetation) Vegetation _’ Soils

High (boreal)

Russia 83 281

Canada 28 484

Alaska 39 212

Mean 64 (15.7%) 343 (84.3%)

Mid (temperate)

USA 62 108

Europe 32 90

China 114 136

Australia 45 83

Mean 57 (37.0%) 96 (63.0%)
Low (tropic)

Asia-Pacific 132-174 139

Africa 99 120

Americas 130 120

Mean 121 (49.6%) 123 (50.4%)

World 34.1% 65.9%
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the temperate zone (Apps et al. 1993). Biomass accumulation in temperate and
boreal forests offsets at least 10% of the emissions of fossil carbon in the region.

By tae early 20" century boreal and temperate forests had become a sink for
carbon, while the tropical forests are still a source of CO, because of the defore-
station.

The areas of forest plantation required to have a significant impact on the
amount of carbon dioxide in the atmosphere are enormous. If we would like, for
example, to sequester the annual net increase in atmospheric carbon (approxi-
mately 3 000 million tonnes) we have to establish approximately 465 million
hectares of plantation forests for about 30 years (Sedjo and Solomon 1989). This
corresponds to an increase of more than 10% in the current area of all forests on
the Earta’s surface or an increase of more than four times the present plantation
area in the world to sequester only the current net annual increase in atmospheric
carbon. Even this enormous estimate is based on the assumption of an average
annual growth of 15 m’ per hectare per year, which is unlikely to be achieved in
temperae regions. In Poland we have an average annual growth of timber of
3.54 m’ha.

Reafforestation and afforestation are considered means of countering the in-
crease i1 CO, in the atmosphere. Carbon uptake is greatest in the period of the
greatest rate of tree growth (Fig. 2).

The portion of carbon released to the atmosphere after the cutting of trees
varies with the product made from the wood. If the tree is burned as fuelwood
then a h.gh proportion of the fixed carbon is released, but if it is transformed into

0

> years
20 40 60 60 100
Fz Gross primary production
Fﬁ Net primary production
R Respiration
B Biomass

Fig. 2. Energy use during forest successional stages (Odum 1989)
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Table 3. Potential contribution to CO; reduction (in tons CO2/ha)
of several forest types (species) (Sikkema and Nabuurs 1995)

Contribution Oak Spruce ‘ Poplar
Beech | 15 years
1. CO:z2 fixation in biomass, soil and products 432 394 104
2. CO2 avoidance through replacement of non-timber
materials 182 784 653
3. COz3 avoidance through replacement of fossil fuels 966 1289 1560
Total CO> reduction in 300 years 1580 2467 2317

by wood in energy production. This is especially true of energy-wood planta-
tions.

The effects of both product and fuel substitution are repeatable, while the
squestration has a once-only effect, because in time the CO, is released again,
either through decay or through combustion. The effect of the utilization of wood
is greater than that of fixation.

To illustrate the importance of wood utilization and some environmental
advantages of wood as a building material in relation to steel a simple com-
parative simulation has been made (Meil 1995). The application for comparison
was the typical exterior infill wall assembly used in light commercial structures.
Usually a building of this type of assembly would be built using steel as the post
and beam supporting structure. For the purpose of material comparison, use has
been made of steel studs (C cross-section, about 1 mm thick) as one example,
and 2 X 4 in. (38 X 89 mm) wooden studs as the second alternative. The height
of the wall was arbitrarily set at 3 meter and its length at 30 meters.

In terms of embodied energy (Fig. 3) the steel wall is 3.5 times more energy
intensive than the comparable wooden wall. Minimizing energy use is a key
sustainable development objective as energy, especially energy from fossil fuels,
represents a major environmental impact.

Fig. 3. Energy use (Mj) to build 3 x 30 m wall example (Meil 1995)
1 — wood, 2 - steel
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Carbon dioxide emissions for the steel wall are three times that of the wooden
wall (Fig. 4).

1000 o

800 ¥ ==

600 ]

400 T |

200 N e

1 2

Fig. 4. Carbon dioxide (CO2) emmission (in kg) (Meil 1995)
1 - wood, 2 - steel

Wood also proves advantageous when we compare the other air pollutants:
carbon monoxide, sulphur dioxide, nitrous oxides, methane, particulates and
volatile organic compounds (Fig. 5).

12000 ] ai CATE

}

(=]
<
~
<

[ M Serie 1
d ] & ‘.' F T Serie 2
1 :

Fig. 5. Air emmissions (g) associated with the wood (Serie 1)
and steel (Serie 2) 3 X 30 m wall design (Meil 1995)
1-CO, 2 - SOx, 3 - NOx, 4 — part, S - VOC, 6 — CHa

N
w
s
o
[=2]

In terms of the greenhouse effect (Fig. 6) the wooden wall generates only
a third of the effect of the steel wall.

The calculated Air Pollution Impact (Fig. 7) indicates that, relative to the
wooden wall, the steel wall requires seven times the volume of ambient air to
dissipate its air pollutants to acceptable levels.

The largest difference between the two material wall designs lies in their
comparative water-use during product manufacturing, with the steel assembly
demanding over 20 times more water input than the wood design (Fig. 8).

Figure 9 shows the calculated Water Pollution Impact index for the two walls.



Assessment of the importance of forests in reducing global climatic change 37

1400
1200

1 2

Fig. 6. Greenhouse gases impact (in equivalent CO; kg) (Meil 1995)
1 - wood, 2 - steel

100"

g

g

2

1 2

Fig. 7. Air pollution impact. Impact measure is the volume of ambient air
to dissipate air pollutants to the same acceptable levels (Meil 1995)
1 — wood, 2 - steel

20000 {

100007 ' —my———— '

1 2

Fig. 8. Water demand (litre) (Meil 1995)
1 — wood, 2 - steel
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Fig. 9. Water pollution impact. Impact measure is the amount of water necessary to dilute
the effluent stream from the technology process to produce wood (1) and steel (2) (Meil 1995)

Undisturbed forest Productive forest

s

Wood and wood products

Carbon storage (kgC/m?2)

-
e o

Litter

1: 4 . . . . .
Soil

g
£

Years

Fig. 10. Simulated carbon storage in the trees of undisturbed and productive forest, wood
and wood products, litter and soil (when undisturbed European broadleaved species are
replaced by a plantation with similar growth characteristics. The light green colour means
difference between wood and wood product lifetimes of 420 (upper line) and 72 (lower

line) years respectively (Cannell 1994)
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social functions”. This is the proposal for the definition of sustainable carbon
management for the forest sector (Kauppi 1994).

If the proposal is acceptable, the forest sector has to discuss the ways of
sequestering carbon in forest ecosystems. It is questionable as a policy option to
build up the biomass pool per hectare of forested land. An increase in biomass
will lead to a reduction in net annual increment in the long term, reducing the
potential for using biomass as raw material or energy, increasing the risk of
economic waste and ecological damages. It also reduces the potential for seques-
tering CO, in the long term (more than 50 years).

The observed trend to increased growing stock per hectare of forest land in
temperate forests is not a sustainable way of carbon sequestration. The potential
will be exhausted within less than 100 years. Nor is afforestation a sustainable
method, if the aim is to generate new carbon pools. However, afforestation is
sustainable carbon management, if the objective is to create a continuous product
flux and to use the products as a substitute for fossil-based production.

A sustainable policy is recycling, especially in the sense that it expands the
total potential of renewable material to substitute for non-renewable goods. Stor-
age of used products in landfills is sustainable, if suitable sites are available in
the long term. Assuming a 5-30% increase in forest area, improvement of the
present average yield, and the full use of sustainable yield, the upper limit in
Europe is 100-200 million t/year of sequestered carbon. This is 10-20% of
current fossil emissions.

The methods of forest management applied to sequester CO, have to be
cautious — they should neither reduce the possibility of future generations to
control atmospheric CO, concentration nor adversely affect other forestry objec-
tives.

POLAND

There are few studies on carbon sequestration in Polish forest ecosystems and
on the possibility to mitigate the greenhouse effect. Some publications have
concerned other related issues, mostly the impact of climate change on the forest
ecosystem than the role of forests to mitigate global change: the changes in
species composition as related to climate change (Kowalski 1991, 1993), mod-
elling the potential impact of global climate change on forest ecosystems (Brze-
ziecki 1993), changes in the borderline of the boreal forest and threats to the
forest posed by insects and fungi (Sadowski 1993), forest management versus
climate change (Bernadzki 1993) or the annual carbon balances of Polish forest
ecosystems (Galiriski 1993).

The country’s total emission of CO, in 1990 was of 360 million t This will
reach, it is predicted (Bojarski et al. 1993), levels of: 412—510 mln t/yr in the year
2010 (depends on the scenario). The authors emphasized that carbon dioxide
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Fig. 1. Study sites along the continental W-E transect at 52°N. Positions of 16 stands
located by GPS GeoExplorer, Trimble Navigation, Model 17319

SLOVAKIA

that the litter decomposition rate is also related to the degree of climate continen-
tality.

The important characteristic of the continental climate is the large difference
in air temperature between the coldest month (January or February) and the
warmest (July). In the studied transect that amplitude ranges between 18.5°C in
the west and 26°C in the east (Figs. 2b, c, d).

The presented W-E transect crosses the North European plain and features
a particularly well-pronounced continentality gradient (Fig. 1). This leads to the
formation of transitional climates with an increasing prevalence of oceanic or
continental characteristics to the west and east respectively. At the same time, the
western end of the transect is warmer than the eastern with the largest difference
in average annual temperatures being 3.7°C (Fig. 2a). Due to slightly worse water
supply conditions in Poland than in surrounding areas, the transect can be divided
into western and eastern parts with annual precipitation in the ranges 520-550
and 600-670 mm respectively. Thus, from the point of view of the rates of
production and decomposition of organic matter, the western end has better
thermic conditions, while the eastern end has better humidity. It should be men-
tioned at this point that the western end of our transect is more contaminated by
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Fig. 2. Climatic characteristics of the pine forest sites studied: A — Long-term mean annual
air temperatures and precipitation totals, B — Yearly amplitude of air temperature
— difference between warmest (July) and coldest month (January), C — Long-term mean
January air temperatures, D — Long-term mean July air temperatures (after Smialkowski unpubl.)
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Table 1. Characteristics of sites used in the analysis of litter decomposition along a continental transect; symbols described in the text

Site

N1
K092
K098
K061
K023
KO055
K117
K126
K011
Bi
B2
B3
B4
B6
B7

* — according to Ellenberg’s phytosociological indices,

Type

bad**

pine
bad**
pine
pine
mix
mix
mix
pine
mix
pine
pine
mix
mix

pine

TAVG

79
8.4
8.1
8.1
Yol
7.7
7.4
72
6.9
6.3
6.2
6.0
5.8
4.7
4.7

TAMP

18.5
19.4
19.6
20.2
21.1
21.1
21.8
D282
22.8
237
242
24.8
254
26.1
26.1

TJAN

-0.9
-1.2
-1.7
-2.1
-2.9
-2.9
-3.8
—4.1

4.6
-59
-6.2
-6.8
=12
-8.5
-8.5

Climatic variables

TIUL

17.6
18.2
17.9
18.1
18.2
18.2
18.0
18.2
18.2
17.8
18.0
18.0
18.2
17.6
17.6

| PANN

581
542
523
553
546
639
655
652
543
523
523
590
633
632

652

** _ classified as anthropogenic forests grown on inappropriate stand.

PAMP

41
48
64
66
55
49
53
56
50
49
64
53
56
51
56

PVEG

444
413
409
401
409
409
426
430
457
493
491
502
497
499
499

PANE

1.29
1.16
1.15
1.21
1.23
1.44
1.50
1.51
1.29
1.29
1.30
1.50
1.62
1.76
1.82

PVEE

0.98
0.89
0.90
0.88
0.92
0.92
0.98
1.00
1.09
1.22
1.22
1.27
1.27
1.39
1.39

Ellenberg’s*

' CONT ‘

3.6
2.6
2.8
3.7
39
4.8
33
39
43
4.0
4.5
42
44
43
3.6

NITR

3.0
3.1
2.8
1.7
24
3.0
1.9
2.7
2.7
2.4
32
2.8
33
45
3.6

Soail
pH
3.5
39
32
33
39
39
4.0
3.7
4.5
4.0
4.1
42
39
4.0
4.1
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Table 2. Average annual decomposition rates of different litters

Site Type Annual decomposition (%)
Needles Wood Cones Mixed litter

N1 bad** 44.6 125 11.0 326
K092 pine 325 14.8 15.6 224
K098 bad** 332 10.8 8.9 21.0
K061 pine 25.1 11.9 22.4 17.3
K023 pine 32.5 13.9 11.8 22.5
K055 mix 39.5 13.1 9.7 -

K117 mix 343 18.0 184 249
K126 mix 37.1 15.3 13.2 249
K011 pine 30.0 17.4 18.1 20.9
B1 mix 29.7 15.2 6.8 _ 23.0
B2 pine 334 12.8 22.8 25.2
B3 pine 28.1 20.3 7.4 14.1
B4 mix 35.1 94 13.8 15.7
B6 mix 342 17.2 11.0 23.6
B7 pine 28.6 12.5 6.5 15.1

western half of the transect (from 7.2°C to 8.4°C) and always below 6.9°C in the
eastern part (from 4.7°C to 6.9°C). Thermic amplitudes are greater further east,
rising from 18.5°C in Germany to 26.1°C in Belarus. All the investigated forests
grow on acidic soils: pH ranges from 4.4 to as low as 2.6 and does not show any
regular geographical pattern. Of the two Ellenberg indices, only continentality
shows a distinct trend, being lower in the group of 5 western sites (2.6-3.9) and
higher (above 4.0) in the group of 6 eastern sites (the groups are shaded in
Tab. 1).

Annual decomposition rates for all stands and all incubated litters are shown
in Table 2. As was to be expected, needles and mixed litter decomposed faster,
woody twigs and cones distinctly more slowly. Among the 4 different litter types
studied on our transect only needles and mixed litter demonstrate a response of
decomposition rate to the geographical position of a stand of pine forest (Fig. 3).
Their rate of decay decreases further east, in cooler and more continental climatic
conditions. Decomposition in pine forests is slower than in mixed forest stands
(Fig. 4).

Distributions of the rates of decomposition of needles, wood and mixed litter
did not deviate significantly from the normal (p = 0.2 in all cases). Only for cones
was there a significant deviation from the normal distribution (p = 0.0024), and
this was easily normalised by log transformation (p = 0.597).

The two first principal components (PC) explained over 62% of the total
variability (Tab. 3). The estimated communalities (the amount of variance an
original variable shares with all other variables in the analysis) indicate that,
among the decomposing materials, mixed litter and needle litter share the greatest
amount of variability with other variables. As expected, most of the common
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Fig. 3. Annual decomposition of needles and mixed litter in pine forests along continental
transect
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Fig. 4. Decomposition of needle litter in 3 types of forest; plotted are one-year
decomposition curves expressed by the formula W, = Woe ™™, where W, and Wy stand for
the litter mass at time 7 and at the start of incubation respectively, and k is the
decomposition coefficient. The difference between stands of pure Scots pine (“pine forest)
and “mixed forest” is statistically significant (p = 0.016)
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Table 3. First two factors of the VARIMAX-rotated factor matrix of total variability in the
data set; dominant loadings in each factor (0.4) are typed boldface. Also given are
estimated communalities for each variable and the percentage variability explained by each
factor (% VAR)

Variable Estimated Rotated factor I Rotated factor II
communality ‘ {
DECNEED 0.21 -0.03 ‘ -0.46
DECWOOD 0.07 0.06 ‘ 0.25
DECCONE 0.16 -0.31 0.25
DECMIX 0.34 -0.15 -0.57
TAVG 0.98 -0.95 -0.28
TJUL 0.74 -0.65 0.57
TJAN 0.97 -0.89 -0.43
TAMP 0.97 0.85 049
PANN 0.89 0.94 0.11
PVEG 0.90 0.93 ‘ 0.17
PAMP 0.56 -0.06 0.74
PANE 0.65 0.77 0.24
PVEE 0.99 0.97 0.21
pH 0.59 0.44 ; 0.63
CONT 0.40 0.38 ‘ 0.50
NITR 0.58 0.74 9 -0.17
% VAR 48.2 14.2

variability was shared between purely climatic characteristics of the sites studied.
After VARIMAX rotation of the two first PCs (see Methods), the variability was
split between an almost purely climatic factor — Rotated Factor I with low load-
ings of all decomposition variables (‘factor loading’ is a correlation between
a variable and the extracted factor), and a second factor with relatively high
loadings for decomposition rates of needle and mixed litter (Tab. 3, Fig. 5). From
our point of view, the second factor is of more major interest, as it accounts for
that part of total variability which is related to decomposition rate. In that factor,
the variables gaining relatively high loadings (>0.4) were, besides DECNEED
and DECMIX, the four purely climatic characteristics: TJUL, TIAN, TAMP and
PAMP, the Ellenberg continentality index (CONT) and soil pH (Tab. 3, Fig. 5).
The loading of average annual air temperature was notably low. Thus, the vari-
ables selected for the second factor indicate that, if decomposition rate is related
to climate along the latitudinal transect across Europe, the indices involved are
those connected with continentality (extreme air temperatures and amplitudes of
air temperature and precipitation), rather than average yearly conditions.
Significant regressions for decomposition rate on climate characteristics (see
Methods) were found for needle litter (p < 0.0001), cones (p = 0.0165) and mixed
litter (p < 0.0001). However, as the highest proportion of total variance explained
by climatic factors was 0.37 (Rzad] for needle litter), it has to be stressed that,
although the effect of climatic factors on decay rate was highly significant, as
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Fig. 5. The VARIMAX-rotated first two factors of the Principal Components Analysis;
variables associated with decomposition (loadings > 0.4) are encircled. Communalities and
loadings of the variables are given in Tab. 1

much as 63% of the variability remained unexplained in that way. That high
residual variability may be caused by other factors, such as soil-specific charac-
teristics or differences in substrate chemistry, which may mask the effect of the
climatic gradient. Furthermore, high intra-site variability in decomposition rates
(Figs 6-8) made it more difficult to detect climate-driven trends, especially since
there was in fact no simple and strong high-low temperature or high-low AET
gradient, but one in which the effects of different climate characteristics were
more subtle. Additionally, latitudinal gradients in some factors were probably
driving the decomposition rate in opposite directions: for example, towards the
western end of the transect there is an increase in average annual temperature
with decreasing precipitation.

The stepwise variable procedure (F-to-enter = 4.0) allowed for the identifica-
tion of four variables having a significant effect on the decomposition rate of
needles and explaining 36% of its total variability. These were TJAN
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Table 4. Results of stepwise variable selection procedure relating decomposition rates of
needles, wood, cones and mixed litter to climatic factors (for description of variables see text)

Variable Needles Cones Mixed litter* Mixed litter**
Constant —48.48 (p < 0.0001) | -160.2 (p = 0.0263) | 192.4 (p < 0.0001) | -34.11 (p = 0.006)
TAVG n.s. n.s. n.s. -

TJUL n.s. 9.64 (p = 0.0165) n.s. -

TJAN 4.31 (p < 0.0001) I.s. -8.09 (p = 0.0001) | 3.37 (p < 0.0001)
TAMP n.s. n.s. -9.21 (p < 0.0001) | -

PANN -0.19 (p = 0.0024) | n.s. n.s. -0.26 (p = 0.018)
PVEG 0.39 (p < 0.0001) n.s. n.s. 0.46 (p = 0.0004)
PAMP n.s. n.s. n.s. -

PANE 2598 (p < 0.0001) |ns. n.s. 12.10 (p = 0.002)
PVEE n.s. n.s. n.s. -

Model R%q = 0.36 R%aqj = 0.064 R%aq = 0.24 R%q = 027

p <0.0001 p = 0.0165 p < 0.0001 p < 0.0001

* raw results of stepwise variable selection procedure,

** results of multiple regression with variables forced into the model confined to those selected
for needle decomposition.

Table 5. Results of the stepwise variable selection procedure relating decomposition rates
of needles, wood, cones and mixed litter to climatic factors, pH and Ellenberg indices
(for description of variables see text)

Variable Needles Cones Mlxed lltter*
Constant 267.8 (p < 0.0001) | -160.2 (p = 0.0263) | 354.8 (p < 0.0001)
TAVG -28.81 (p < 0.0001) | n.s. 35.83 (p < 0.0001)
TJUL n.s. 9.64 (p = 0.0165) n.s
TJAN n.s. n.s. -50.76 (p < 0.0001)
TAMP -3.27 (p < 0.0001) | ns. -40.58 (p < 0.0001)
PANN n.s. n.s. n.s.

PVEG 0.81 (p < 0.0001) n.s. n.s.
PAMP n.s. n.s. n.s.
PANE 19.86 (p < 0.0001) | n.s. 15.93 (p < 0.0001)
PVEE -3436 (p < 0.0001) | n.s. n.s.
PH n.s. n.s. 7.35 (p < 0.0001)
CONT n.s. n.s. 8.81 (p < 0.0001)
NITR | 6. 32 (p < 0.0001) n.s. 7.18 (p < 0.0001)
Model R%q; = 0.57 R%qj = 0.064 R%j = 0.52

p < 0.0001 p = 0.0165 p < 0.0001

* raw results of stepwise variable selection procedure,

p < 0.0001

Mixed 7litter**
456.7 (p < 0.0001)
—40.90 (p < 0.0001)

-5.09 (p < 0.0001)
0.79 (p = 0.062)

~0.04 (p = 0.51)
-376.5 (p < 0.0001)

3. 98 (p = 0.0001)
ad_] 045

** results of multiple regression with variables forced into the model confined to those selected
for needle decomposition.

(p = 0.0001), PANE (p < 0.0001), PVEG (p = 0.0141) and PANN (p = 0.0179)
(Tab. 4). Thus, the effect of climate on needle decomposition was dominated by
that of air temperature during the coldest month of the year, and by three different
measures related to precipitation. Again notable is the lack of any significant
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between decomposition rate and climatic indices. The mixed litter, i.e. the natural
composition of litter falling down, responds well to climate differences. No
climate effect on wood decay was found.

— Decomposition rate along the transect was mostly correlated with climatic
indices describing the degree of continentality, such as annual amplitude in air
temperature, air temperatures of the coldest and warmest months (January and
July) and annual amplitude of precipitation. The relationship with precipitation
amplitude is especially interesting as this index is not usually used in studies on
litter decomposition; however, it is rather obvious that litter decay may be af-
fected by periodic drying or overwatering.

— Besides the relationship between decomposition rate and the aforemen-
tioned climatic indices, there were significant differences in decomposition rates
between sites belonging to three different categories according to biological
diversity evaluated for forest floor vegetation. The rate of decay was slowest on
pure, most-sandy stands of Scots pine, significantly faster in mixed stands (pine
forest with significant admixtures) and fastest on anthropogenically — modified
stands (pine forest with visible signs of human treatment).

— The conclusions presented above are based on first-year decomposition
rates. It is known that plant remnants decay fastest during the first year of
incubation; during this year easily decomposable fractions of organic matter
disappear. The course of decay of other organic matter components is described
from some long-term experiments; e.g., Berg and Ekbohm (1991) followed de-
composition dynamics for 4 years and found that rates of decay of different litters
change: the fast, more nutrient-rich litters had considerably lower mass-loss rates
in the later stages. These authors extrapolated the measured litter decay values
and estimated the maximum, “asymptotic” value of mass loss for different litters.
For Scots pine litter the predicted asymptotic mass loss was 68% for green
needles and 89% for brown needles (the authors used needles collected directly
from a pine tree on one, “‘standard” stand — the so called “standard litter””). These
authors did not estimate distinctly the time needed to reach the asymptote; from
analysis of the printed curves, it seems that some litters arrive at the asymptotic
level in less than 1 year, while others need over 3 500 days. A significant linear
relationship was found between the asymptote level of mass loss and the initial
decomposition rate. In the light of these findings we assumed that we can use the
first year decomposition rate as an index of litter decay characteristic for a given
stand and climate.

— The conditioning of litter decay by climatic indices of continentality de-
scribed in our paper suggests oversimplification in the equations used by Global
Change models to predict the response of ecosystems on the basis of temperature
increase/decrease alone. Our transect covers only a short distance across the
Euroasiatic continent; we can only imagine how strong the influence of continen-
tality characteristics can be on the scale of the continent as a whole.
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The albedo depends on features of the active surface, and was calculated for
the main ecosystems according to the equations:

a=0.18 +0.05 - f for crop fields and meadows ©6)
a=0.15+0.05 - f for deciduous forests @)
o = 0.15 for coniferous forests 8)
o = 0.18 for bare soils, )

where fis the phenological stage of plant development (from O to 1).
Soil heat flux was calculated according to the relation:

G=-02-Rn- (1-0.75 - f) - sin[n/6(:-2)] (10)

where i is cardinal number of month.
Finally evapotranspiration for the given period was calculated according to
the equation:

ETR=LE/28.34 - n (11)

where: LE - is the average value for latent heat flux density in the given period
[Wm‘z], n — the number of days in the period (month or ten-days).

The following assumptions were taken into consideration when the scenario
for climate and land use changes were selected.

1. According to IIASA (Jager 1988) the air temperature increase in the future
will be equal to 2 degrees in summer and 6 degrees in winter, with annual air
temperature changes being expressed by the equation:

Tr=Ta + 2 - (cos[n/6 - (1=1)] + 2) (12)

where: T¢— is air temperature in the future,
T, — present air temperature,
i — number of month beginning from January.
2. The water vapour pressure (e) in the future was calculated according to the
empirically-obtained function (Kedziora 1995):

e=15.5"- exp(0.05662 - 1) (13)

and saturation water vapour pressure deficit (d)

17.2696 1

= (14)
Pl 1423745

es=¢€ +1.810418
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Table 1. Meteorological condtitions and heat balance structure of sugar beet field and
stubble field on a sunny day (19.08.98 - relative sunshine equals 0.746) and a cloudy day
(22.08.98 - relative sunshine equals 0.146) near Cessieres, France. Daily values are taken

as averages from 7 am to 8 pm. Sugar beets were 45 cm high, stubble 15 cm

Parameter 19.08.98 22.08.98
Stubble ] Sugar beet | Stubble | Sugar beet

Meteorological conditions .
Radiation temperature of active surface [°C] 26.36 19.99 15.37 14.27
Air temperature 2 m above ground [ C] 19.49 19.36 14.87 14.87
Windspeed 0.5 m above ground [ms~ ] 1.63 242 0.63 242
Windspeed 2.0 m above ground [ms™ ] 1.97 292 0.76 2.92
Vertical gradient of air temperature [°Cm ] -3.43 -0.42 -0.25 04
Vertical gradient of wind speed [s” ] 0.53 1.20 0.63 1.44
Aerodynamic resistance [sm™ ] 93.0 47.0 46.0 23.0

Heat balance

Net radiation, Rn, [Wm™ ] 184.2 269.6 489 70.1
Sensible heat flux density, S, [Wm ] -108.3 —46 -10.9 18.1
Soil heat flux density, G, [Wm"~ ] -18.4 -22.5 =5.1 -5.2
Latent heat flux density, LE, [Wm™ ] -57.5 -201.1 -32.9 -83
Bowen ratio, S/LE 1.88 0.23 0.33 -0.22
Alpha ratio, LE/Rn 0.31 0.75 0.67 1.18

At 184 W - m™, the net radiation of the stubble field was much lower than
that of the sugar beet (270 W - m™) a situation mainly due to the much higher
reflection of solar radiation shoved by albedo. This difference was much lower
on a cloudy day (Tab. 1). The active surface of the sugar beet used nearly 4 times
more energy for evapotranspiration on a sunny day and 3 times more on a cloudy
day than did the stubble field. But the stubble field used 2.5 times as much energy
for air heating as the sugar beet field on a sunny day (Tab. 1, Fig. 1). On a cloudy

Sensible heat flux density, S
(Wm-]

—— St

ubble field

=l — Sugar bects

13

14
Hours

15

16

Fig. 1. Daily course of sensible heat flux above sugar beet and stubble fields on a sunny day.

Cessieres, 19.08.98

(The sign of the Values are according to the direction of flux: positive for inward amd
negative for outward direction of the active surface)
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|Wm 3|

= Stubble field
=8 = Sugar beet

Sensible heat Mlux density, S

Hours

Fig. 2. Daily course of sensible heat flux above sugar beet and stubble fields on a cloudy day.
Cessieres, 22.08.98 (Signs of the fluxes as on Fig. 1)

day, the stubble field warmed up the air while the sugar beet field was cooling it
(Tab. 1, Fig. 2).

In general, biologically-active ecosystems are seen to damp down the vertical
exchange of sensible energy between earth and atmosphere, while the biologi-
cally inactive ecosystems (bare soil and the stubble field) are factors intensifying
these processes.

CHANGES IN THE VERTICAL FLUXES OF SENSIBLE (S)
AND LATENT (LE) HEAT AS A RESULT OF CLIMATIC AND LAND USE
CHANGES IN THE WIELKOPOLSKA LANDSCAPE

Three different types of landscape structure were analysed in order to evaluate
the impact of land-use patterns on sensible and latent heat fluxes at the landscape
level. The area of the first landscape (K1) is near Turew in the Wielkopolska
region. It is 30% forest, 15% meadow, 10% row crops and 45% cereals. All
components of the heat balance were calculated for this landscape on basis of
standard meteorological data taken from field measurements for the period 1994—
1996. Average values for the period of plant growth (21.03. to 31.10) were used
(Tab. 2).

In addition, two other landscape patterns were assumed. The second (K2) was
80% cereals and 20% row crops thereby exemplifying the simplified agricultural
landscape, while the third (K3), which was 50% forest, 20% meadow, 20%
cereals and 10% row crops was an example of a mosaic landscape.

The simplification of landscape structure under present climatic conditions
will cause a 3.73 W - m™ decrease in the seasonal average value of latent heat
flux density and an increase in sensible heat by 1.94 W - m™ (Tab. 3, K2-K1).
But changing the landscape structure from a simple one (K2) to a mosaic (K3)
will cause a 6.2 W - m™ increase in latent heat flux density and a decrease in
sensible heat flux density of 3.31 W - m™ (Tab. 3, K3-K2).

Under future climatic conditions (Jager 1988), the impact of changes in land-
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Table 2. Meteorological characteristics of the vegetation period in the Turew countryside.
Average from 1994-1996

Month Airtemp. | Water | Sat. water | Wind Relative  Relative
and ten-day period 1C vapour vapour speed sunshine = humidity
pressure | pressure m-s” 1] 1]
| hPa deficit hPa
March I 70 8BS 1.7 2.7 0.645 084 |
II 3.7 7.3 1.0 4.3 0.233 0.88
111 35 6.5 1.7 44 0.378 0.82
April I 6.4 7.5 24 5.1 0.481 0.77
II 39 6.9 1.2 54 0.223 0.86
11 9.2 103 2.3 38t A L0l692 0.83
May I 13.5 12.9 3.0 44 ! 0.687 0.84
I 19.1 18.6 3.7 slaN 1.2 1Ng 0.85
111 11.0 11.9 1.5 34 0.441 0.90
June I 17.6 17.0 3.8 2.5 1.539 0.83
1I 18.7 17.7 42 2.8 1.522 0.82
111 17.4 204 3.5 35 1.023 0.88
July I 19.5 20.3 2.7 3.8 0.700 0.89
II 18.9 19.2 3.1 24 1.305 0.88
III 20.9 20.5 4.5 2.0 2.282 0.84
August I 207 | 202 4.5 20 2.233 0.84
II 229 21.0 7.3 225 3.259 0.77
III 21.8 18.8 7.9 33 2.405 0.74
September I 18.2 17.2 43 3.5 1.207 0.81
II 13.9 13.6 29 2.8 1.060 0.85
111 10.8 12.9 1.2 2.9 0.421 0.92
October I 13.6 14.9 1.1 2.8 0.384 0.94
II 79 10.1 0.8 29 0.310 0.93
111 2.1 6.7 0.7 ] 29 0.236 0.91

[1] - dimensionless.

Latent heat Nlux density LE,
[Wm)

Fig. 3. Seasonal course of latent heat LE, in different landscapes

7090 W 08 08

17

19

21

23 25

Number of ten-day period

under present climatic conditions*
K1 - landscape consists of 30% forests, 15% meadows, 10% row crops, 45% cereals,
K2 - landscape consists of 20% row crops, 80% cereals,
K3 - landscape consists of 50% forests, 20% meadows, 10% row crops, 20% cereals+

* On this picture as well as on Fig. 4, 5 and 6 the absolute Values of latent and sensible heat flux
were shown

27

29
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Table 3. Seasonal average values for heat balance components (Wm'z) under present
and future climatic conditions and different landscape structure

Parameter Landscape
K1 K2 K3
Latent heat flux density LE under present clim. conditions 49.93 46.2 524
Latent heat flux density LE under future clim. conditions 55.44 50.68 58.53
Sensible heat flux density S under present clim. conditions 17.85 19.79 16.48
Sensible heat flux density S under future clim. conditions 15.89 17.94 12.97

Change of latent heat flux, LE, as a result of landscape structure changes under present climatic
conditions

K2-K1 K3-K1 K3-K2
-3.73 247 6.20

Change of sensible heat flux, S, as a result of landscape structure changes under present
climatic conditions

- -

K2-K1 | K3-KI | K3-K2 |
194 | =137 | =331

Cha;lgc of latent heat flux LE, ;as a result- of laﬁ;iscapé structure changes under future climatic
conditions
K2-K1 | K3-K1 | K3-K2
—4.76 3.09 7.85
Change of sensible heat flux, S, as a result of landscape structure changes under future climatic
conditions
K2-K1 K3-K1 | K3-K2
2.05 -2.92 -4.97
Change of latent heat flux, LE, as a result of landscape structure and climatic condition changes
Klp—Klo | K2p—Klp|K3p-Klo
5.51 -4.76 8.60
Change of sensible heat flux, S, as a result of landscape structure and climatic condition changes

Klp—Klo | K2p-Klp | K3p—Klo
-1.96 2.05 —4.88

Landscape structure: K1 — 30% forests, 15% meadows, 10% row crops, 45% cereals, K2 — 20%
row crops, 80% cereals, K3 — 50% forests, 20% meadows, 10% row crops, 20% cereals, o — pre-
sent, p — future climatic conditions.

scape structure will work in the same direction as in the present situation, only
absolute values for these changes will be a little higher (Tab. 3). Thus, such
marked changes in meteorological parameters as assumed by IIASA - Jager
(1988), (e. g. an increase in summer air temperature of 2 degrees and a 4 degree
increase in spring and autumn result in only a small increase in heat flux den-
sities, thereby indicating a greater role for plant cover than climate changes in
modifying heat balance structure.

In the seasonal course of latent heat under present (Fig. 3) and future
(Fig. 4) climatic conditions, the biggest differences between the landscapes occur
in May, June, August and September. In July the differences are small because
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Fig. 4. Seasonal course of latent heat LE, in different landscapes

under future climatic conditions

K1 - landscape consists of 30% forests, 15% meadows, 10% row crops, 45% cereals,
K2 - landscape consists of 20% row crops, 80% cereals,
K3 - landscape consists of 50% forests, 20% meadows, 10% row crops, 20% cereals
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Fig. 5. Seasonal course of sensible heat S, in different landscapes

under present climatic conditions

K1 - landscape consists of 30% forests, 15% meadows, 10% row crops, 45% cereals,
K2 - landscape consists of 20% row crops, 80% cereals,
K3 - landscape consists of 50% forests, 20% meadows, 10% row crops, 20% cereals

Sensible heat flux density, S
Wm3|

Number of ten-day period

Fig. 6. Seasonal course of sensible heat S, in different landscapes

under future climatic conditions

K1 - landscape consists of 30% forests, 15% meadows, 10% row crops, 45% cereals,
K2 - landscape consists of 20% row crops, 80% cereals,
K3 - landscape consists of 50%)forests,| 20% meadows, 10% row crops, 20% cereals
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——Klp-Klo

Change of latent heat flux
density LE [Wm )

Number of ten-day period

Fig. 7. Change of latent heat LE as a result of climatic and landscape structure changes
K1 - landscape consists of 30% forests, 15% meadows, 10% row crops, 45% cereals,
K2 - landscape consists of 20% row crops, 80% cereals,
K3 - landscape consists of 50% forests, 20% meadows, 10% row crops, 20% cereals,
o — present climatic conditions, p — future climatic conditions

Change of sensible heat flux
density S [Wm 2|

Number of ten-day period

Fig. 8. Change of sensible heat as a result of climatic and landscape structure changes

K1 - landscape consists of 30% forests, 15% meadows, 10% row crops, 45% cereals,
K2 - landscape consists of 20% row crops, 80% cereals,
K3 - landscape consists of 50% forests, 20% meadows, 10% row crops, 20% cereals,
o — present climatic conditions, p — future climatic conditions

cereal fields still evaporate more while row-crop fields are growing. In May and
June only cereals are well-developed, while row crop fields are rather bare, while
the opposite situation exists in August and September, when cereals have been
harvested, and fields are bare, while only row crops evaporate.

A similar situation applies to sensible heat (Fig. 5 and 6); the biggest differen-
ces between landscapes are detected in summertime. The modification effects of
plant-cover structure on sensible and latent heat appear in the summertime, when
the moisture content of the habitat is much lower than during the spring months.
This is the result of evapotranspiration, which is intensive even from bare soil
during spring, as opposed to summer when only growing plants evapotranspire
intensively.

A change in climatic conditions can bring about a 5.50 W - m™ increase in
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Change of latent heat flux
density LE [Wm )

Number of ten-day period

Fig. 9. Change of latent heat LE as a result of landscape changes under present climatic
conditions
K1 — landscape consists of 30% forests, 15% meadows, 10% row crops, 45% cereals,

K2 - landscape consists of 20% row crops, 80% cereals,
K3 — landscape consists of 50% forests, 20% meadows, 10% row crops, 20% cereals
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Fig. 10. Change of latent heat LE as a result of landscape structures changes under future
climatic conditions

K1 - landscape consists of 30% forests, 15% meadows, 10% row crops, 45% cereals,
K2 - landscape consists of 20% row crops, 80% cereals,
K3 - landscape consists of 50% forests, 20% meadows, 10% row crops, 20% cereals

the latent heat flux density (LE) of the present landscape, and decrease sensible
heat flux density (S) by nearly 2 W - m (Tab. 3, KIp—Klo). But a change in
landscape structure from the simplified (K2) to the mosaic (K3) can increase
latent heat flux density by 6.2 W - m™ under present climatic conditions and by
7.85 W - m~ under future climatic conditions (Tab. 3, K3-K2). So, changes in
the latent heat flux density caused by land-use changes can be greater than those
caused by climatic changes. The seasonal course of the latent and sensible heat
flux densities caused by land use changes show greater amplitude (Fig. 7 and
8 K1p—K2p) than the changes caused by climatic change (Fig. 7 and 8, Klp-
Klo).

There is a comparable range of variation to the seasonal course of changes in
latent and sensible heat density of fluxes present as well as future climatic
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Fig. 11. Change of sensible heat S as a result of landscape structures changes
under present climatic conditions
K1 - landscape consists of 30% forests, 15% meadows, 10% row crops, 45% cereals,
K2 - landscape consists of 20% row crops, 80% cereals,
K3 — landscape consists of 50% forests, 20% meadows, 10% row crops, 20% cereals

density S [Wm-)

.
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Change of sensible heat flux

Number of ten-day period

Fig. 12. Change of sensible heat S as a result of landscape structures changes
under future climatic conditions

K1 - landscape consists of 30% forests, 15% meadows, 10% row crops, 45% cereals,
K2 - landscape consists of 20% row crops, 80% cereals,
K3 - landscape consists of 50% forests, 20% meadows, 10% row crops, 20% cereals

conditions (Fig. 9, 10, 11 and 12). The greatest variation in sensible heat flux
density caused by land use changes occurs in the summertime (Fig. 11 and 12)
as a result of the depletion of habitat moisture and the removal of plant cover
after harvest. This means that, during the summer period, bigger changes in the
intensity of energy and mass exchange between earth and atmosphere can be
expected.

The increasing diversity of landscape structure can combine with changes in
climatic conditions to force latent heat flux density (LE) and decrease sensible
heat flux density (S) during the summer — by as much as 18 W - m™ for both
fluxes, which amplifies the exerted effects (Fig. 13).
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Fig. 13. Change of latent (LE) and sensible (S) heat as a result of climatic and landscape
structures changes

K1 - landscape consists of 30% forests, 15% meadows, 10% row crops, 45% cereals,
K2 — landscape consists of 20% row crops, 80% cereals,
K3 — landscape consists of 50% forests, 20% meadows, 10% row crops, 20% cereals,
o — present climatic conditions, p — future climatic conditions

CHANGES IN BOWEN-RATIO VALUES IN POLAND
AS A RESULT OF CLIMATIC AND LAND-USE CHANGES

The Bowen ratio (that is ratio between sensible and latent heat flux density)
can be interpreted as a measure of atmospheric convectivity. The higher the value
of the Bowen ratio the greater the possibility of convection appearing.

Fig. 14. Climatic regions of Poland (after Romer 1949, modified)
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Table 4. Bowen ratio of different landscapes under present and future climatic conditions

Region Bowen ratio
number Present climatic conditions Future climatic conditions
Present Simplified: | Mosaic: Present Simplified: | Mosaic:
landscape | 80% cereals | 50% forests | landscape | 80% cereals | 50% forests
structure 20% row 20% structure 20% row 20%
crops meadows crops . meadows
20% cereals 20% cereals
10% row 10% row
crops crops
1 0.38 0.47 0.30 0.33 0.49 7 0.27
2 0.38 0.44 0.29 0.34 047 0.27
3 0.38 0.45 0.28 0.35 0.49 0.28
4 0.37 0.46 0.31 0.35 0.49 0.30
5 0.37 0.45 0.30 0.36 0.49 0.30
6 0.36 0.44 0.28 0.34 0.48 0.29
7 0.31 0.45 0.28 0.31 0.48 0.28
8 0.32 0.42 0.25 0.33 0.46 0.26
9 0.37 0.44 0.28 0.38 0.49 0.30
10 0.38 0.47 0.32 0.37 0.50 0.31
11 0.36 0.46 0.29 0.36 048 . 0.28
12 0.33 0.45 0.29 0.32 0.49 0.28
13 0.34 0.44 0.26 0.35 0.47 0.27
14 0.34 0.42 0.24 0.36 0.47 0.26
15 0.39 0.46 0.30 0.38 0.49 0.28
16 0.38 0.46 0.30 0.38 0.50 ‘ 0.29
17 0.37 0.48 0.33 0.36 0.51 0.32
18 0.39 0.47 0.31 0.37 0.49 0.30
19 0.36 0.46 0.30 0.36 0.50 0.30
20 041 0.49 0.33 0.39 0.50 0.29
21 0.39 0.47 0.31 0.39 0.50 0.39
22 0.36 0.46 0.30 0.33 0.48 1 0.33
23 0.33 0.45 0.29 0.29 0.50 0.34
24 0.40 0.48 0.33 0.33 0.50 0.38
25 0.44 0.52 0.40 0.40 0.51 0.37
26 0.40 0.48 0.38 0.38 0.48 0.35
27 0.40 0.49 0.40 0.40 0.49 0.32
28 0.37 0.47 0.34 0.34 0.49 0.33
Average 0.37 0.46 0.31 0.36 0.49 | 031

For location of regions see Fig.14.

Bowen ratios were estimated from heat balance components calculated inde-
pendently for real climatic conditions and land-use patterns in 28 regions of
Poland (Fig. 14). The division into regions is based on climatic characteristics
from Romer (1949), with the exception of the central regions where differences
in land-use pattern (low contribution of afforested areas) were also taken into
consideration (Ryszkowski at al. 1991). All information on the prevailing cli-
matic conditions for each region was taken from the Climatic Atlas of Poland
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Table 5. Changes of Bowen ratio caused by changes in climatic conditions and landscape

structure
Region Changes of Bowen ratio
’ number | k75 Klo K30-Klo K2p—Klp K3p-Klp Klp—Klo

1 0.09 —-0.08 0.16 —0.06 -0.05
2 0.06 -0.09 0.13 -0.07 -0.04
3 0.07 -0.10 0.14 -0.07 -0.03
4 0.09 -0.06 0.14 -0.05 -0.02
5 0.08 -0.07 0.13 -0.06 -0.01
6 0.08 -0.08 0.14 -0.05 -0.02
7 0.14 -0.03 0.17 -0.03 0.00
8 0.10 -0.07 0.13 -0.07 0.01
9 0.07 -0.09 0.11 -0.08 0.01
10 0.09 -0.06 0.13 -0.06 -0.01
11 0.10 -0.07 0.12 -0.08 0.01
12 0.12 -0.04 0.17 -0.04 -0.01
13 0.10 -0.08 0.12 -0.08 0.00
14 0.08 -0.10 0.11 -0.10 0.02
15 0.07 -0.09 0.11 -0.10 -0.01
16 0.08 -0.08 0.12 -0.09 0.00
17 0.11 —-0.04 0.15 -0.04 -0.01
18 0.08 -0.08 0.12 -0.07 -0.02
19 0.10 -0.06 0.14 -0.06 0.00
20 0.08 -0.08 0.11 -0.10 -0.02
21 0.08 -0.08 0.11 0.00 0.00
22 0.10 -0.06 0.15 0.00 -0.03
23 0.12 —-0.04 0.21 0.05 -0.04
24 0.08 -0.07 0.17 0.05 -0.07
25 0.08 -0.04 0.11 -0.03 -0.04
26 0.08 -0.02 0.10 -0.03 -0.02
27 0.09 0.00 0.09 -0.08 0.00
28 0.10 -0.03 0.15 -0.01 -0.03
Average 0.09 -0.06 0.13 -0.05 J -0.02

K1 - landscape of present structure, K2 — landscape consists of 80% cereals and 20% row
crops, K3 — landscape consists of 50% forests, 20% meadows, 20% cereals and 10% row crops,
o — present climatic conditions, p — future climatic conditions.

(1973). The effects of land-use changes were assessed by assuming that the real
landscapes of a region will be converted to the simplified and mosaic patterns
described in the previous chapter (K, and K;; Tab. 4).

The smaller the values of the Bowen ratio the greater the part of solar energy
that is used for evapotranspiration and the smaller the amount going to air
heating. Under present climatic conditions, the simplification of landscape struc-
ture to cultivated fields only will increase the average value of the Bowen ratio
for the whole country by 0.09 (Tab. 5, K20-K10), while increasing landscape
diversity will reduce the Bowen ratio by 0.06 (Tab. 5, K30—K1o0). These changes
in Bowen ratio are relatively large. For example, in the vegetation season, when
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Fig. 15. Increase of Bowen ratio as a result of simplification of landscape structures under
present climatic conditions
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Fig. 16. Decrease of Bowen ratio as a result of developing of landscape structures
under present climatic conditions

net radiation is equal to 80 W - m™, a 0.09 increase in the Bowen ratio (from 0.37
to 0.46) causes a 30 mm increase in total evapotranspiration.

Under future climatic conditions, the changes in the Bowen ratio will be of
0.13 (Tab. 5, K2p—K1p) and —0.05 (Tab. 5, K3p-K1p) respectively (Tab. 4). The
changes will occur in all regions (Fig. 15 and 16) and these caused by climatic
changes only will range from 0 (landscape K3) to 0.03 (landscape K2), and will
thus be smaller in all regions (Fig. 17) that those caused by land-use pattern
changes (Fig. 18). So, the effects of land-use changes are much greater than those
of climatic changes (Fig. 17 and 18).

Simplification of the landscape structure will cause the biggest changes in
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Fig. 17. Bowen ratio of 28 regions of Poland under present and future climatic conditions
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Fig. 18. Bowen ratio of 28 regions of Poland under present and future climatic conditions
for present landscape structure and after change of landscape structure

regions that are well afforested (Fig. 19, K20—K10) in the west and north-eastern
part of Poland, as well as in the region of the Swigtokrzyskie Mountains. Conse-
quently, an increasing diversity of landscape structure will cause smallest
changes of the Bowen ratio in those regions which are well afforested under
present climatic conditions (Fig. 20, K30-K10) as well as in the future (Fig. 21,
K3p—Klp).
The Bowen-ratio changes caused by climatic change only are very small over
the country as a whole, varying from 0.01 to —0.02 (Fig. 22, K1p-Klo).

So, on the scale of the whole country, the changes in the Bowen ratio caused
by plant-cover changes can be bigger than those caused by climatic changes only.

http://rcin.org.pl
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Fig. 19. Change of Bowen ratio due to conversion of present land use pattern to simplified
landscape (K20-K10)

THE IMPACT OF MIDFIELD SHELTERBELTS ON HEAT-BALANCE
STRUCTURE UNDER NORMAL METEOROLOGICAL CONDITIONS
AND UNDER DRY AND HOT AIR MASS ADVECTION

To illustrate the possible options for mitigating the heat and water-balance
structure of the landscape through human activity under different weather condi-
tions, the effect of the introduction of shelterbelts into an agricultural landscape
was evaluated (Ryszkowski and Kedziora 1987, 1995). The introduction of shel-
terbelts into a simplified landscape is one of the best tools by which to manage
heat balance in the landscape. Shelterbelts reducing wind speed conserve the
water supply of a field located between shelterbelts, but increase sensible heat
flux a little (Tab. 6). However, during the strong advection of dry and warm air,
irrigated fields can conserve as much as 10% of water during evapotranspiration
in comparison with a landscape without shelterbelts (Ryszkowski and Kedziora

1995).
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Fig. 20. Increase of forest area to 50% and grassland area to 20% will bring major changes
in Bowen ratio in areas with low percentage of permanent vegetation (K30-K10)

Table 6. Heat and water balance components of different agricultural landscapes in the
vicinity of Turew in the vegetation season (21.03 - 31.10)
Heat balance components are expressed in MJ - m™2, and water balance in mm

R | LE | s | ETP | EIR | ETR/ |ETR/Prc|
/ETP

T.andscape

—

4 — . — —

Cereal monocultures 1542 1035- 495 65.0 414 064 | 1.10

Cereal monocultures
with a network of

shelterbelts 1586 1078 496 586 431 0.76 1.15
Cereal monocultures
with windbreaks 1567 1010 546 581 404 0.76 1.08

Cereal monocultures
without shelterbelts

under advection 1586 1258 315 898 503 0.56 i 1.34
| Cereal monocultures i

with shelterbelts }

under advection 1586 | 1181 412 592 464 | 0.78 { 1.24

|

Rn — net radiation, LE — latent heat of evapotranspiration, § — sensible heat, ETP — potential
evapotranspiration, ETR - real evapotranspiration, ‘Prc— precipitation.
According to equation 1 the absolute value of LE and S are shown.
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Fig. 21. Change of Bowen ratio due to increase of area with permanent vegetation under
presumed temperature conditions (K3p-K1p)

CONCLUSIONS

Actively-growing plants (like cereals in spring or sugar beet in summer)
modify the structure of the heat balance to damping convection and enhancing
the flux of latent heat. Simulated effects of land-use changes show that feedbacks
due to plant cover concerning the heat balance are greater under predicted climate
conditions than the changes evoked by enhancement of greenhouse effect alone.

An increase in landscape structural diversity can compensate for the effect of
climate changes in latent and sensible heat flux changes. On the scale of the
whole of Poland conversion of forest into cultivated fields will increase the
sensible heat flux and decrease the latent heat in proportion to the percentage of
forest in the region. The changes will be greater, for example, in the south—
westen part of Poland (Fig. 19).
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Fig. 22. Change of Bowen ratio due to alternations of air temperature only (K1p-K1lo)

Our simulated results of the effects of land-use change are supported by field

evidence of regional climate changes evoked by alternations in the agnculture
practices shown by Stohlgren at al. (1998).
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Table 1. Absorption, retention and emission of CO; (106 Mg COy) in Polish agriculture
during the period 1970-1996

Absorption of CO2 Retention of CO2 Emission of CO2
1970-1974 201,98 11,75 187,34
1975-1979 200,95 13,81 183,96
1980-1984 200,89 11,87 186,14
1985-1989 227,48 11,13 213,71
1996 162,90 4,40 158,50

total CO, absorption (Nalborczyk et al. 1991). The CO, emission also tended to
increase substantially during the period 1985—-1989. The years of greatest herd
size and manure production were characterized by proportionally less emission
of CO,. A lower CO, emission was also found for years in which there were
increased shares of pulses i.e., crops capable of retaining organic matter in the
soil. The main factor in the emission of CH, was the size of the cattle herd. On
average its share was constant and was equal to 78% of the total CH, emission.
The second-ranked source of emission of methane (due to manure fermentation)
accounted for only the 15% of total. This emission was also converted to the CO,
equivalent and added.

Total CO, retention was dependent on the organic matter input in manure,
with the highest level being during 1975-1979, the period in which the number
of head of livestock, especially of cattle, was also at a maximum. The contribu-
tion of pastures, meadows and perennial pulses was maintained at a constant
level.

The years of transformation in Polish agriculture following the departure from
central steering were characterized by lower production of both crops and ani-
mals, something which substantially affected the balance of GHG. Only in 1996
was there a marked drop in the absorption, emission and retention of these gases
(in term of CO, equivalent). It will depend on the agricultural policy of the
government as to whether this drop will continue or bottom out.

THE EMISSION OF GHG IN POLISH AGRICULTURE IN 1996

A balance of GHG in Polish agriculture devoted to the specification of
possible energy sources used was drown up for the individual year 1996. Detailed
analysis of the emission caused by the various energy sources used in Polish
agriculture was possible thanks to data available from the1996 National Agricul-
tural Inventory.

The total CO,-equivalent emission of GHG due to the use of various energy
sources was 47 mln Mg CO,, with about 35 min of this being emitted directly
from farms, while ca. 12 mln originated from external “real” emissions of CO,
(production of fertilizers and pesticides) which should in spite of this be analyzed
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Table 2. Emission of GHG from agriculture and from non-agricultural sources (for 1996)

Emission source Gas 10° Mg of 10° Mg CO2
a given gas | (equiv. CO2)

Emission from agriculture

Solid fuels CO; 7.23 7.23
Liquid fuels CO, 5.73 5.73
Gas CO2 0.047 0.047
Total 13.00 13.00
Cattle CH4 043 10.53
Pigs CH4 0.21 5.14
Other animals CH4 0.015 0.37
Manure and other organic fertilizers CH4 0.015 0.37
Total 0.66 16.41
Manure and other organic fertilizers N>O 0.0061 1.95
Nitrogen fertilizers N2O 0.0108 3.46
Legumes N2O 0.0005 0.16
Total 0.0174 5.57
Total emission from agriculture only 34.99
Emission from non-agricultural sources

Electricity CO2 6.5 6.5
Mineral fertilizers COy 53 53
Pesticides CO2 0.1 0.1
Total 11.9 11.9
Total emission 46.89

as a significant (approx. 30%) component of emissions from Polish agriculture
(Tab. 2). This amount of CO, emitted can be fully absorbed if the yearly incre-
ment of crop yield is only 7%, a finding which points to the special role of
production processes in agriculture, which may be some kind of self-regulation
factor in the case of an unfavorable balance for GHG. Among the 35 min Mg
CO, emission directly from farms there was only 13 mln of “fair” emissions of
carbon dioxide, the remaining part being emissions of CH,, N,O and CO, con-
verted into the CO, equivalent. About 25 min Mg CO, was emitted directly or
indirectly from Polish agriculture and was mainly due to: a 7.2 min Mg emission
from solid fossil fuels (29.01%), and a 6.5 min Mg emission from the use of
electricity (26.09%). Thus together some 13.7 min Mg CO, resulted from the use
of coal, 5.7 mln Mg from liquid fossil fuels (23.01%) and 5.3 min Mg from the
use of mineral fertilizers (21.28%). The GHG emission caused by pesticide and
gas use was marginal, at 0.43 and 0,19%, respectively. A significant feature of
the GHG emission from Polish agriculture alone (34.99 x 10°Mg CO,) seems to
be the high contribution of methane emissions related to animal production, as
well as the N,O emission related to fertilizer use in soil (together 22 x 10° Mg
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Fig. 1. Overall balance for GHG absorption, emission and retention in Polish agriculture
(10(J Mg) - equivalent of CO; in brackets

CO,). In the global balance of GHG in Polish agriculture for 1996, emission was
equal to 21 % of the total amount of CO, absorbed by crops, while its retention
in soil was only 2.7 %. Nevertheless, 158.5 x 10° Mg of the gas was involved in
the biological turnover of cycling CO, by then (Fig. 1).

BALANCES FOR GHGs IN DIFFERENT TYPES OF FARMS
ORIENTED TOWARDS CROP PRODUCTION

The principal greenhouse gases in a crop-oriented profile of production are
CO,, N,0 and CH,. Their emissions result from the farm use of oil, gas, coal,
electricity, the processes accompanying the production of mineral fertilizers and
pesticides and processes of the fermentation of organic matter. The higher the
acreage of the farm, the higher its total emission, increasing according to farm
size from 20 to 140 Mg CO,. The lowest unit emission of 1.65 Mg CO, ha™'
occurs in the group of biggest farms, while the maximum of 5.7 Mg CO, ha™
was found for the smallest (Fig. 2).

Crops are the main absorbers of atmospheric CO, in this profile of farms.
Total absorption ranged from 74 Mg CO, for farms of less than 5 ha to 861 Mg
CO, for farms of more than 50 ha. Unit absorption varied less, ranging from 9.4
Mg CO, ha™' (on 5-10 ha farms) to 13.7 Mg CO, ha™' (on 20-50 ha farms).
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Fig. 2. CO2 emission from various sized farms and sources (in Mg ha ')

Distinct differences between the analyzed farms were found in the case of
atmospheric CO, retention. This ranges from the negative for extensive small farms
(-0.6 Mg CO, ha™ - a™) to a relatively high positive value (0.3 Mg CO, ha™ -
a™') for large farms.

The factors chiefly affecting the magnitude of the emission, absorption and
retention of GHGs on farms of a crop-oriented profile are: the size of the farm,
its regional location, the kind of production (field crops, orchards, vegetables),
the degree of mechanization, the inputs of mineral and organic fertilizer, the
intensity of chemical plant protection and processes of the fermentation and
humification of organic matter.

BALANCES OF GHG IN DIFFERENT TYPES OF FARMS
ORIENTED TOWARDS ANIMAL PRODUCTION

All size groups of the analyzed farms oriented towards animal production
were characterized by nearly the same unit absorption of CO, (9.3 Mg CO, ha™
on 10-20 ha farm to 10.7 Mg CO, ha™' on 20-40 ha ones). Cereals (50-60%) and
pastures and meadows (25-30%) were revealed as the principal absorbers. Maxi-
mum total unit CO, absorption was attributed to farms having more than 50 big
animals (13.4 Mg CO, ha™"), whereas the lowest values were for ones of less than
5 such animals (8.9 Mg CO, ha™'). The farms dealing with pig production and
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common use type prevailed in respect to unit absorption as compared with sheep-
oriented ones (11.2 and 8.3 Mg CO, ha™', respectively).

All of the analyzed farms displayed a rather small unit retention (from 0.51
Mg CO, ha™' in the case of 5-10 ha farms to 1.03 Mg CO, ha™). More retention
occurred on farms with an increased share of grass higher use of manure.

The size of the retention was dependent on the number of large animals. The
lower this number, the lower the retention, with the range from 0.5 Mg CO, ha™
(1-10 animals) to 1.52 Mg CO, ha™ (more than 50 animals). The latter are
characterized by abundant manure usage. Farms with a high contribution of
cereals and root and tuber crops showed negative retention of CO,.

Retention of CO, depends on the character of animal production and is hig-
hest on farms where common cattle use prevails (1.2 Mg CO, ha'a™), and lowest
where pig production is dominant (0.44 Mg CO, ha™' a™'). Other animal uses have
intermediate values for CO, retention, i.e. from 0.73 to 0.91 Mg CO, ha™' a™".

On all the studied farms with large animal production, the absorption of CO,
was (from 20 to 120%) higher than CO,, CH, and N,O emission presented in
CO, equivalent per farm. Taking into account the fact that CO, absorbed by
plants is later emitted again into the atmosphere, its emission from the fuels used
in agriculture, and especially that of CH, and N,O, is of great importance.

EMISSION OF GHG FROM VARIOUS KINDS OF FARMS
UNDER DIFFERENT CLIMATIC SCENARIOS

Expected climate warming implies a 20-30% increase in GHG emissions
from Polish agriculture by 2030. In the case of farms of a crop-oriented profile
this will be due to the emission of “fair” CO, caused by an increased intensity of
production and decomposition of humus in soils. This is especially the case for
small farms (of less than 10 ha). Big farms (above 10 ha) are expected to increase
total N,O emissions to the level of 50% of total CO, equivalent emission. In the
case of the farms specializing in animal production a 20% increase in methane
production is predicted, while there will be a decrease in the direct emission of
CO. from fuels used to warm livestock buildings. A many-fold decrease in the
direct emission of CO, to the atmosphere is expected for all farms that produce
vegetables as well as flowers in greenhouse and glasshouse conditions. There is
also an awareness that warm and dry climatic conditions will favour a decrease
in CO, sequestration in humus compounds of soils and hence diminish soil
fertility. On the other hand, under warm and humid climatic conditions soil
fertility should increase through enhanced biological activity.
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Table 1. Four scenarios of climate change lower quality of soil types in our
in Poland in year 2030 (Anonymous 1996) country, which are more vulnerable to

1. Climate humid and warm | changes in water content”.
o el s A s g LU i Details of climate-change conse-
ST | quences for agriculture and forestry in

= COgtcancentfion &9 Uimpit —{ Poland can be found in several publi-

cations (Ryszkowski and Kedziora
1993; Ryszkowski et al. 1995; Kedzio-

A 2. Climate humid and very warm
— rainfall greater by 20% (up to 700 mm)
| — air temperature higher by 4°C

— CO; concentration 600 ppm | ra 1996; Lipa 1997a). Ryszkowski et
S hitiates i Morlhoits | al. (1995) estimates that the increase in
— rainfall lower by 20% (up to 450 mm) | temperature by 2°C in summer and 4—
— air temperature higher by 2°C | 6°C in winter will cause elongation of
= CO2 concentration 450 ppm | the vegetation period by over
4. Climate dry and very warm ' 2 months in north-eastern Poland, and
- rainfall lower by 20% (up to 450 mm) | by 34 months in the remaining re-

| — air temperature higher by 4°C

| _ CO; concentration 600 ppm gions. Therefore the farming season

—  (daily temperature above 2.5°C) will

increase by 76-90 days in eastern Po-
land, and by 121-135 days in the north-west part of Poland, providing an oppor-
tunity for work in the field year round.

According to Bis et al. (1993), the above change of the climate in Poland will
affect crop production in many ways. In general, there will be a 15% increase in
the production of nearly all current crops, as well as an acreage increase for
maize, sunflowers, soybeans and other warm-climate fruits and vegetables. An
exception will be potatoes, whose production will decline due to a smaller
planted area and lower yields.

All the above authors also foresee also negative consequences, such as a less-
favourable water balance and an increase in yield losses due to plant pathogens,
pests and weeds. However, they do not provide specific data.

CONSEQUENCES OF CLIMATE CHANGE
FOR PLANT PROTECTION WORLDWIDE

There is a significant interest in the possible consequences of climate change
for plant protection, and abundant literature on the subject (Atkinson 1993a; Bell
et al. 1993; Cammell and Knight 1991; Friedrich 1994; Harrington and Woiwod
1995; Lipa 1997b; Porter et al. 1991; Tinker 1993; Watson et al. 1995). Several
international programs have been initiated, among which special mention should
be made of: the International Geosphere-Biosphere Program (IGBP) with its
subproblem: Global Change in Terrestrial Ecosystems (GCTE) and group 3.2
Global Change Impacts on Pests, Diseases and Weeds (GCTE 1995).

Several international meetings and conferences have been organized to iden-
tify characterize, and quantify the consequences, for the distribution and density
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tera), Mythimna convecta (Lepidoptera) and Boophilus microplus (Acarina) (Su-
therst 1990, 1991; Sutherst et al. 1995, 1996).

However, in referring to the fauna of northern Europe Solbreck (1993) comes
to the conclusion that it is difficult to differentiate population changes caused by
long-term climatic trends from those brought about by other factors. The northern
European insect fauna consists of species which are recent immigrants that col-
onized this region at the last glaciation and may be less sensitive to future
climatic changes than faunas in other geographical regions.

EFFECT ON NEMATODES

Boag et al. (1991) stress that, due to global warming, the noxiousness of
Xiphinema spp. and Longidorus spp. in Europe will increase. Tiilikkala et al.
(1995) made a pest risk analysis and demonstrated that a nematode Meloidogyne
chitwoodi, which at present occurs in Western Europe, will present a threat for
Northern Europe including Finland, when the climate warms up. Evans et al.
(1996) presented an analysis of the risk to Europe from a possible introduction
of Bursaphelenchus xylophilus and its vectors of the genus Monochamus, which
considered climatic, biological and other information.

EFFECT ON PLANT PATHOGENS

Climatic conditions greatly affect the survival, growth and distribution of
fungal and bacterial pathogens, as well as the resistance or susceptibility of their
host plants.

Coakley (1988, 1995) and Friedrich (1994) discussed the relationship be-
tween climatic conditions and the most important plant pathogens. It is generally
believed that higher concentrations of CO, and ozone, as well as an increased
level of ultraviolet radiation, will negatively affect the state of plant health.
Manning and Tiedeman (1995) reviewed the expected effect of the above factors
on various groups of plant pathogens.

Good simulation studies were made on the effect of CO, concentration on
sporulation of a fungus Alternaria tagetica (Cotty 1987) and on the occurrence
of a barley mildew (Erysiphe graminis f. sp. hordei) (Hibbard et al. 1994).

Global warming will favor epidemics of rice blight (Pyricularia grisea) in
Asia due to a lowering of the resistance of rice plants (Finckh et al. 1995; Lu et
al. 1995). Similar consequences are expected by Brasier and Scott (1994) in
relation to the occurrence and economic significance of Phytophthora cinnamom,
which causes dieback of various oak species (e.g. Quercus robur, Quercus suber,
Quercus ilex) in Europe.
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104 J. J. Lipa

diseases (e.g. potato blight) and plant pests. Therefore the significance of plant
protection measures will grow, and the costs involved”. Similarly, the National
Study report (Anonymous 1996) emphasizes that, as a consequence of climate
change,... “Yields decrease due to enlargement of overwintering pests and in-
creased intensity by 15% of fungus, bacterial and viral diseases”.

INCREASED THREAT DUE TO PESTS

The expected climate warming in Poland will be favorable to all pests, and
their distribution and density will increase. The economic importance of the
Colorado beetle (Leptinotarsa decemlineata) will definitely increase in Poland.
While this pest has one full generation at present, under future climate conditions
it may have 2-3.

A larger area under maize and elevated temperature will greatly increase of
the economic status of the corn borer (Pyrausta nubilalis), a pest which may can
have 2-3 generations annually. Invasion of the western corn borer (Diabrotica
virgifera) into Poland can be expected with great certainty, as it quickly dispersed
from Serbia into Central Europe (Lipa 1995).

Such quarantine pests as Hyphantria cunea (Lepidoptera) and Quadraspidio-
tus perniciosus (Diaspidae) will enter the territory of Poland from neighboring
Slovakia.

As mentioned above, a warmer climate will greatly increase the plant growing
season and aphids (Aphididae), psyllids (Psyllidae) and leathoppers (Jassidae)
will build much greater populations than at present. The damage induced by the
above plant pests will therefore greatly increase, not only due to the direct
feeding effect but also due to the transmission of virus diseases among plants.

A longer growing season will also favor the development of plant pathogenic
nematodes such as Globodera spp. and Meloidogyne spp.

INCREASED THREAT OF DISEASE

Milder winters and warmer and more humid springs and summers will greatly
favor the epidemic occurrence and spread of diseases as well as the losses they
cause: on cereals — powdery mildew (Erysiphe graminis), barley rust (Puccinia
hordeum), yellow rust (Puccinia striiformis), leaf blotch (Rynchosporium se-
calis), glum blotch (Septoria tritici) and blotch (S. nodorum), on sugar beet — leaf
spot (Cercospora beticola), mildew (Erysiphe betae) and rhizomania, on clover
— root rot (Sclerotinia trifolii).

As mentioned above, there will be a significant increase in the occurrence of
the viral diseases which are transmitted by aphids, psyllids and leathoppers.
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