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CHAPTER 1
INTRODUCTION
(M.P. BAH - GAMBIA)
The Commission for Agricultural Meteorology (CAgM), at its twelfth session in Accra,
Ghana:
Noting, the resolutions and recommendations contained in the UNCED Declaration and
its Agenda 21, the (Convention on Biological Diversity (CBD)), and the report of the Joint
Rapporteurs on UNCED Follow-up, and
Considering that there are major interactions between climate and biological diversity,
and that deforestation is proceeding at an alarming rate in humid tropical regions and can
greatly disturb the dynamic coupling between forests and atmosphere that once sustained a
unique regional climate and biological diversity; and
Recognizing that biological diversity at any location depends, among other factors, on
climate,
Decided to appoint Joint Rapporteurs on the Interactions Between Climate and
Biological Diversity with a view to submitting a draft report on the matter. The draft report
touching on various aspects of each topic is adequately outlined in the table of content.
The Case Studies of the Republic of Ukraine and Armenia were specifically identified
relating to the relevant topics. By and large, however, the findings in the different submissions
are broadly applicable to many countries.
Regarding global change influences on carbon sequestration by agricultural and forest
soils, Dr. O. Hendrickson amply showed that this to a largely extend, depend on the net balance
between the carbon inputs and carbon outputs. He however hastened to add that because
global temperature rise will stimulate photosynthesis and respiration, soil carbon turn over rates
will also increase, even though the net effect on carbon sequestration is not easy to predict.
Expounding on the topic “Sustainable Agricultural Practices”, which would contribute
directly, or indirectly to the conservation of biological diversity, Dr W. Baier in his “companion
note” emphasized amongst other things CAgM’s involvements in agricultural practices and
biological diversity.
He went further to outline the objectives of CBD as the conservation of biological
diversity, the sustainable use of its components and the fair and equitable sharing of the
benefits arising out of the utilization of genetic resources, including by appropriate access to
genetic resources and by appropriate transfer of relevant technologies, taking into account all
rights over those resources and to technologies, and by appropriate funding.
The conservation of biological diversity is crucial to man’s successful agro-forestry
practices, and his ultimate survival. It is therefore pertinent that the forum, which the CAgM is
now providing, will engender further brain storming/professional and academic interactions on
global impacts of both climate and anthropogenic changes on biological diversity.
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The interlinkages between climate change and biological diversity have to be
recognized in order to develop more comprehensive scientific advice to integrate climate
change mitigation measures with the conservation and sustainable use of biological diversity.
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CHAPTER 2
MAJOR INTERACTIONS BETWEEN CLIMATE CHANGE AND
BIOLOGICAL DIVERSITY
(Ms. S. Korsakova - Ukraine)
2.1

INTRODUCTION

The potential impact of climate change on biological diversity is overshadowed by the
overwhelming effect of human-induced modifications of terrestrial ecosystems that are
responsible for major losses in biological diversity. Therefore, it is necessary to discriminate
between the more immediate and more obvious effects of habitat modification by humans and
the longer-term, more subtle effects of climate change. Despite varying opinion about the
nature and extent of the impact of climate change on biological diversity, there is a general
agreement that biological diversity will decline worldwide under most climate change scenarios
(Fig. 1). This consensus has evolved through an overall synthesis of trends in organism
response to measured variation in paleoclimate, from experimental results in controlled
environments including carbon-dioxide enrichment, and from intensive field-studies of impacts
on biological diversity in intact and modified habitats along a series of existing environmental
and climatic gradients worldwide. Climate change is likely to have considerable impacts on most
or all ecosystems. The distribution patterns of many species and communities are determined to
a large part by climatic parameters; however, the responses to changes in these parameters
are rarely simple.

Figure 1

2.2

Global Biodiversity Scenarios for the Year 2100 (Source - Osvaldo E. Sala,
F. Stuart Chapin III et al., 2000)
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Scientific estimates suggest that the average annual temperatures might increase by
2-5°C during this century, and there could be significant changes in local and regional weather
patterns. Such alterations in climate could have a variety of adverse effects, and in some
instances, could even be beneficial to some species. Temperatures may increase more rapidly
in some regions than in others, and wider ranges of high and low temperatures could occur.
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Changes in wind circulation and precipitation patterns could result in the increased humidity in
some areas and droughts in others. Rising sea levels could inundate some coastal regions.
More frequent and more severe storms and floods may occur. Soil erosion could increase
substantially. New irrigation practices may be required. The quality of crops may undergo
significant changes and this, in turn, could affect animal husbandry.
At the simplest level, changing patterns of climate will change the natural distribution
limits for species or communities. In the absence of barriers it may be possible for species or
communities to migrate in response to changing conditions.

2.2.1

Surface Temperatures

Global warming could dramatically alter a third of the world's natural habitat over the
next 100 years, according to a study by the World Wide Fund for Nature. The GCM-based
assessment of the IPCC contemplates a change in global surface temperature as a result of
enhanced greenhouse gases. If nothing is done to reduce emissions, current climate models
predict a global warming of about 2 0C between 1990 and 2100. Global mean precipitation was
expected to increase up to five percent between now and 2100, and that the turnover rate of
water in the atmosphere would intensify due to higher temperatures (Reuters, 2001).
Vegetation zones may move towards higher latitudes or higher altitudes following shifts
in average temperatures. Movements will be more pronounced at higher latitudes where
temperatures are expected to rise more than near the equator. In the mid-latitude regions (45 to
60º), for example, present temperature zones could shift by 150 - 550 km.
In the northern latitudes of Canada, Russia and Scandinavia, where warming is
predicted to be most rapid, up to 70 percent of habitat could be lost. In the United States, few
regions will be spared. More than a third of existing habitats in 11 states — Maine, New
Hampshire, Oregon, Colorado, Wyoming, Idaho, Utah, Arizona, Kansas, Oklahoma and Texas
— could be changed from what they are today (Markham and Malcolm, 1996).
Many species are already affected by global warming. Changes in seasons are already
being noticed in many temperate regions. It is likely that sugar maples — a cold-weather
species that is characteristic of the Northeast's hardwood forests — will be pushed completely
out of New England to Canada (Markham and Malcolm, 1996). Birdsong is being reported
earlier and spring flowers are emerging where it was once winter. Birds such as the great tit in
Scotland and the Mexican jay in Arizona are breeding earlier in the year. Butterflies are shifting
their ranges to the north throughout Europe, and mammals in many parts of the Arctic, including
polar bears, walrus and caribou, are beginning to suffer from the impact of reduced sea ice and
warming tundra habitat.
Global warming causes changes in rainfall patterns, causing stress in moisture
sensitive amphibians, leaving them susceptible to a variety of diseases.
According to reports from Rutgers University in New Brunswick, N.J, in 1999,
laboratory tests indicate gradual global warming can lead to major extinctions, including those of
such "charismatic" animals as lions, tigers — and humans. They say the warming results in the
extinction of predators and herbivores, which alters the rate at which plants grow and consume
the greenhouse gas carbon dioxide.
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Malaria, which kills a million people a year, is spread by mosquitoes. Found mostly in
tropical areas, fears are that global warming could create new havens for both mosquitoes and
the malaria parasites they carry (Global Climate Coalition, 2000).
Direct effects of global warming include changes in biodiversity, outbreaks of infectious
diseases, increased exposure to UV radiation, and increases in health problems related to
indoor and outdoor air pollution and exposure to heavy metals due to acid rain. Indirect effects
include substitute chemicals for chlorofluorocarbons, alternate fuels for motor vehicles, and
exposure to toxic elements used in the production of solar energy devices (Piver et al., 1991).

2.2.2

Rising Sea Temperatures

Sea temperatures in the tropics have increased by almost 1oC over the past 100 years
and are currently increasing at the rate of approximately 1-2oC per century.
Rising sea temperatures will further affect the distribution and survival of particular
marine resources. Corals have already shown an extremely high sensitivity to minor increases
in temperature, while other studies have shown dramatic changes in the distribution and
survival of the Pacific salmon in the late 1990s.
Factors such as ocean temperature and currents would have a greater effect on
melting the ice cap around the North Pole than global warming. Transpolar drift can pack the
Arctic ice sheet into ridges up to 20m thick that gradually disperse over a large area. The
transpolar drift occurs when warmer water from the North Pacific Ocean pushes up the Bering
Strait between Alaska and Siberia and propels ice down the coast of Greenland. A cyclonic
circular current north of Canada packs ice against that mainland and islands. A great influx of
water from the Pacific Ocean would affect the ice sheet because the ocean was warmer than
the North Atlantic. And just as El Nino and La Nina affect Australia, the North Atlantic oscillation
produces a change in pressure that affects ocean currents.

2.2.3

Rising Sea Level

Global warming is most likely to raise sea level 15 cm by the year 2050 and
34 cm by the year 2100. There is also a 10 percent chance that climate change will contribute
30 cm by 2050 and 65 cm by 2100. These estimates do not include sea level rise caused by
factors other than greenhouse warming. The main cause of this rise is the thermal expansion of
the upper layers of the ocean as they warm, with some contribution from melting glaciers.
Slightly faster melting of the Greenland and Antarctica ice sheets is likely to be balanced by
increased snowfall in both regions. Along much of the United States coast, sea level is already
raising 2.5-3.0 mm/yr (10 to 12 inches per century). The areas most vulnerable to rising seas
are found along the Gulf of Mexico and the Atlantic Ocean south of Cape Cod. A 50-cm rise in
sea level would inundate approximately 50% of North American coastal wetlands in the next
Century.

Rising sea level is gradually inundating wetlands and lowlands, eroding beaches,
exacerbating coastal flooding, threatening coastal structures, raising water tables, and
increasing the salinity of rivers, bays, and aquifers, which could impair water supplies,
ecosystems, and coastal farmland. Rising sea level also enables saltwater to penetrate farther
inland and upstream in rivers, bays, wetlands, and aquifers; saltwater intrusion would harm
some aquatic plants and animals and threaten human uses of water. Increased drought
severity, where it occurs, would further elevate salinity. Increased salinity already has been

6
cited as a factor contributing to reduced oyster harvests in Delaware Bay and the Chesapeake
Bay and as a reason that cypress swamps in Louisiana are becoming open lakes
(San Francisco Bay Conservation and Development Commission, 2000).

2.2.4

Rainfall and Drought

Rainfall and drought will also be of critical importance. Extreme flooding will have
implications for large areas, especially riverine and valley ecosystems. Increasing drought and
desertification may occur in tropical and sub-tropical zones, and at least one model has
predicted a drying out of large parts of the Amazon.
Analysis of monthly rainfall data from West Kalimantan, Indonesia that indicates that
(1) dry periods periodically occur in this otherwise humid environment; (2) these dry periods are
often linked to El Nino-Southern Oscillation (ENSO) events; and (3) the intensity of these ENSO
linked dry periods has been increasing over the past two or three decades. Droughts reduced
durian fruit harvest, loss of coffee gardens, delayed rice crops, increased water hauling labor,
lost wages in the forest product industry, and increased health problems.
The total cost in 1991 was estimated to be between approximately one-quarter and
one-half of annual township income near Gunung Palung National Park. These results indicate
that even in one of the wettest places of the world, droughts occur and can have serious welfare
consequences. The increasing intensity of these droughts may be linked to climate change
(Salafsky, 1994).

2.2.5

Rising CO2

In addition to causing a warming effect, increased concentrations of atmospheric
carbon dioxide are known to increase rates of photosynthesis in many plants, as well as
improving water use efficiency.
Changes in atmospheric carbon dioxide may change the competitive balance between
species that differ in rooting depth, photosynthetic pathway or woodiness, as well as in their
associated belowground organisms. While climate change in the form of land-use impact is
likely to have the greatest effect on plant species, elevated carbon dioxide interaction with
nitrogen deposition is likely to have the most notable effect on species metabolism and
ultimately composition. Where there are conditions of extreme land-use change, further
damage by other climate-change drivers may be inconsequential.
The observable body height concentration of atmospheric ? ? 2 represents one of major
components modern biogeochemical changes of environment. It is estimated that during the
last 200 years, the concentration of CO2 in the atmosphere has risen by 26%. Levels have
never been this high since humans inhabited the planet. Carbon dioxide now accounts for about
55% of the enhanced greenhouse effect. According to the data of direct measurements, on
average for three years (since July 1991 up to July, 1993) source of mineral Carbon (5.9 Gt
C/years) exceed by 1.1 Gt C/years the sum of sink of Carbon into atmosphere and into ocean in
an inorganic state (4.8 Gt C/years). Speed of outlier of Carbon by a biota due to use of soils is
about 1.6 Gt C/years (Kondrat’ev, 1996; Houghton et al., 1995) – Table 2.1. This disbalance of
the global budget of Carbon can compensate for only slight absorption of Carbon by man’s
activities and by the biota of land or ocean. The biota of ocean is much less affected by man,
than the biota of land. Therefore for compensation of the negative effects on global environment
caused by man, one should rely to a greater extent on the biota of ocean. On the land,
adequate (recovering) response of biota on excretion of Carbon into atmosphere should take
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place only in the part of a land not mastered by the man, which amounts its smaller part (less of
40 %) and includes mainly boreal forests of Russia and Canada.
The global changes of components of mass of Carbon are connected to oxidation of
organic matter at burning of mineral fuel and deforestation, or with synthesis of supplementary
masses of organic matter by a land biota or ocean.
Table 2.1

The global budget of Carbon*

Sources and sinks Budget,
(1991-1993)
Gt C/year
Mineral
fuel, -5.9±0.5
cement
Atmosphere
2.2±0.1
Ocean
2.5±1.0

Sources and sinks
(1991-1993)
- Organic Carbon
- Ocean
- Land
- Tropics
- Boreal zone

Budget,
Gt C/year
1.2±0.5
2.4±1.0
-1.2±0.9
-1.6±1.0
0.5±0.5

* All data are average quantity emissions of Carbon for the term specified in the table.
Sources - negative, sinks - positive speeds (Source: Gorshkov et al., 1998)

With the complete regeneration of a biota of all biosphere (the land and ocean) it is
possible to absorb Carbon in quantity, which is equal to the ejection of mineral fuel. The
additional physico-chemical absorption of Carbon by ocean would result in anatropic global
changes in an atmosphere, out of which Carbon will retire with speed, which will equal one third
of speed burning of mineral fuel. The complete conversion of the biota of biosphere will turn into
a source of Carbon 1,5 times more potent than burning of mineral fuel.
Modern state of the budget of Carbon: half of emitted Carbon stays in atmosphere and
half is absorbed by ocean in an inorganic state at the expense of processes ensuring physicochemical equilibrium. The biota as a whole is neither source, nor sink of Carbon into
environment. But with the activities of man, the part of a biota of a land releases Carbon
quantitatively equal to half of Carbon emitted at the expense of burning mineral fuel. Two thirds
of outlier of the biota of land is absorbed by ocean, and one third by biota of the land, faintly
affected by man (Gorshkov et al., 1998).

2.2.6

Desertification

The various assessments by UNEP continued to point out that desertification results
from complex interactions among physical, chemical, biological, socio-economic and political
problems that were local, national and global in nature. There were considerable limitations on
account of lack of data, but what little data existed showed that:
(i)
(ii)
(iii)

the largest degraded rangelands were in Asia followed by Africa
the greatest areas of degraded irrigated lands were in dry lands of Asia
major areas of degraded soils are confined to semi-arid and arid zones.

Table 2.2. gives the status of desertification in the world as established by a series of
UNEP assessments in 1991.
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Table 2.2

Status of desertification in the world (UNEP - 1992)

Million
hectares
43
216

1.
Degraded irrigated lands
2.
Degraded rainfed croplands
3.
Degraded
rangeland
[soil
and
vegetation
757
degradation]
4.
Dry lands with human-induced soil degradation
1,016
[GLASOD][1+2+3]
5.
Degraded rangelands [vegetation degradation
2,576
without recorded soil degradation
6.
Total degraded dry lands [4+5]
3,592
7.
Non-degraded dry lands
1,580
8.
Total area of dry lands excluding hyper-arid deserts
5,172
[6+7]

% of total dry
lands
0.8
4.1
14.6
19.5
50.0
69.5
30.5
100.0

Global climate change is expected to exacerbate regional and local desertification
processes, and that the causes and results of desertification in turn will exacerbate global
climate change through their effect on soil and vegetation. The world's largest desert Sahara
stretches across North Africa, a vast wasteland devoid of vegetation. But thousands of years
ago the area was rich with vegetation, covered in grass and shrubs. As reported in the Science
Notebook of The Washington Post, a team of German researchers has concluded that this
dramatic transformation from lush grassland to desert was triggered by subtle changes in the
Earth's orbit, which resulted in changes in the amount of sunlight received, as well as changes
in the planet's atmosphere, sea ice, and vegetation.

2.2.7

Agriculture

The role of climate as a determinant of agriculture has long been recognized. It is only
in the last decade, however, that the reciprocal effect has come to light: the role of agriculture
as a potential contributor to climate change. Clearing forests for fields, burning crop residues,
submerging land in rice paddies, raising large herds of cattle and other ruminants and fertilizing
with nitrogen, all release greenhouse gases to the atmosphere. The main gases emitted are
CO2, CH4, and N2O. From about 1700 to 1900, the clearing of northern hemisphere forests for
agriculture was the largest agent of change in the carbon cycle. Emissions from agricultural
sources are believed to account for some 15% of today's anthropogenic greenhouse gas
emissions. Land use changes, often made for agricultural purposes, contribute another 8% or
so to the total. As a result, agriculture ranks third after energy consumption (which is also in part
agricultural) and chlorofluorocarbon production as a contributor to the enhanced greenhouse
effect.
Emissions of greenhouse gases from agricultural sources are likely to increase in the
years ahead, given the necessity to expand food production in order to provide for the world's
growing population. This imposes a task upon agricultural researchers to devise ways to
continue improving yields while at the same time holding down emissions. Some possible
improvements include reducing land- clearing and biomass burning in the tropics; managing rice
paddies and livestock so as to reduce methane emissions; and improving fertilizer-use
efficiency to reduce the conversion of nitrogen to gaseous N2O.
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2.3

INFLUENCE OF CLIMATE CHANGE ON REGIONS

Climate change is likely to have a far more severe impact on the poorer regions of
southern and eastern Europe than on richer countries in northern Europe, according to a
European Union-funded study.
Northern Europe might reap certain benefits from climate change. Although the risk of
flooding may increase, rising temperatures are likely to improve agriculture and forestry and
reduce energy needs for heating.
The wealthy metropolitan centres such as London, Paris and Frankfurt will be resilient
and may even benefit. But the poorest parts of Europe were likely to get poorer. Southern
Europe was likely to suffer increased desertification, water shortages and forest fires.
In the north, cold winters are likely to be half as frequent by 2020, reducing energy
consumption and improving the prospects for outdoor industries such as construction. In the
south, hot summers are likely to double in frequency by 2020, increasing the need for air
conditioning. Water supplies are likely to fall, cutting farm output.
Predicted temperature changes across Europe of between 0.10C and 0.4 0C a decade.
The future warming of the climate is expected to be greatest in southern European countries
such as Spain, Italy and Greece and in northeast European countries such as Finland and
western Russia, and least along the Atlantic coastline (as reported in the Financial Times
Limited, 2000).

2.4

SENSITIVE ECOSYSTEMS

2.4.1

Coastal Zones

Coastal zones extending from coastal plains across the continental shelves are regions
where the landmasses, oceans and atmosphere interact. They are characterized by strong
gradients in environmental and ecological properties, and provide valuable living and non-living
resources, which are presently being exploited by humans on a non-sustainable basis.
Environmental change is being driven indirectly and directly by human activities. Climate
modification, sea level change and changes in land use affect coastal zones globally, whereas
the impacts of direct use of coastal resources are usually local or regional. The latter, however,
tend to be cumulative and will become increasingly significant at a global scale as the human
population continues to grow. The present rates of environmental change in coastal zones are
extremely rapid compared to those during recent geological time, and appear to result in a loss
of functional integrity and a reduced capacity to retain materials such water, sediment and
organic matter at the land-ocean interface. Accurate assessment and prediction of changes in
coastal zones are limited by a lack of knowledge about the scales and nature of interactions
between land, ocean and atmosphere, about the dynamic and complex properties of coastal
systems themselves, and about the potential for significant feedback processes which
determine large scale biogeochemical and biophysical properties. Examples of such problems,
which are now being actively investigated, are the effects of fresh water use on global sea level,
of the modification or destruction of ecosystems on coastal geomorphology, and of the loss of
biodiversity and the introduction of non-indigenous species on the functioning of coastal
ecosystems. In general, better information is needed on global fluxes of water, sediment,
organic matter, nutrients and pollutants between land and ocean, on how such fluxes are
varying in time and space, and on the long-term impacts on coastal environments of the
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exploitation of near shore physical and biological resources in order to develop scenarios of
future conditions in coastal zones.

2.4.2

Wetlands

Wetlands exist in both inland and coastal areas, covering approximately 4-6% of the
Earth's land surface. They are found on every continent except Antarctica and in every climate
from the tropics to the tundra. Wetlands have many functions that have socioeconomic benefits:
they provide important habitat and nourishment for a large number of birds and fish found in
coastal areas; they are refuge and breeding ground for many species, including commercially
valuable ones; they are areas of high biodiversity; they control floods and droughts and improve
water quality; and they are used for recreation and education. The direct economic value of
these benefits varies between regions.
The area of dry land just above wetlands is less than the area of wetlands. If sea level
rises more rapidly than wetlands can accrete, however, there will be a substantial net loss of
wetlands. Black water National Wildlife Refuge (NWR) along the Chesapeake Bay-are already
experiencing large losses of coastal wetlands (Stevenson et al., 1986). Louisiana is expected to
experience the greatest wetland loss from rising sea level; Louisiana currently is losing about 90
km2 (35 mi2) of wetlands per year (San Francisco Bay Conservation and Development
Commission, 2000). A 50-cm rise in sea level would cause a net loss of 17-43% of the wetlands
mid-Atlantic, south Atlantic, and Gulf coasts. Regional studies suggest that the most vulnerable
area in Canada is likely to be the salt marsh coast of the Bay of Fundy. Many of the wetlands
around San Francisco are similarly vulnerable.

2.4.3

Peatbogs

The modern climate changes occur on a background of increase in the contents of
carbon in an atmosphere. The essential contribution to this process is brought in by peatbogs
located mainly in a temperate zone, where the most appreciable changes of temperature,
cloudiness and the quantity of precipitation are predicted (Kazankin, 1999).
The moors occupy 2-4 % of the surface of the Earth (Vompersky, 1994) and are
distributed on continents as follows (%): Eurasia - 1.8; Africa - 1.2; boreal America - 0.9; austral
America -0.7; Australia - 0.05 (Reymers, 1990).
With the predicted rise in temperature of about 1-80? and increase in the quantity of
precipitation, the photosynthesis of plant species of temperate latitudes will increase. However,
the daily balance of accumulation of CO2 by a vegetative cover of a moor can decrease
because of increase in the release of ? ? 2 owing to intensifying respiration of plants and
oxidative processes in peat. Therefore rising of temperature up to predicted maximum can have
by a consequence not only decrease of a level, but also change of a mark of a carbonic gas
exchange, especially in case of fall LSW (level of subsoil waters) (Kurets et al., 1998).

2.4.4

Inland Aquatic Ecosystems

As a result of their island-like nature, inland waters are usually characterized by a high
level of endemicity for several animal groups. This patchy distribution also results in great
genetic variability between populations. While inland waters occupy only 1-2% of emerged
lands an unusual high proportion of vertebrates (around 1/3) inhabits or is strongly dependant
on inland waters to complete their biological cycle. This remarkable concentration of vertebrate
biodiversity is also extremely vulnerable, given that inland water aquatic resources worldwide
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have undergone severe deterioration. The fragility of inland water ecosystems and their species
has been recognized all over the world. These resources have been exposed to a variety of
increasing pressures such as water extraction for domestic, agricultural and industrial uses,
pollution (organic and inorganic), fishing, introduction of exotic species, habitat alterations in
relation to water management, etc. These pressures to the inland water environments have
affected, and will continue to affect life in all inland water ecosystems. One of the major causes
of change in biodiversity has been, and most likely will continue to be long-term, climate
change. More knowledge is needed about the identification of species, how biological diversity
is distributed, and what the trends observed on the short- to long-term biodiversity changes are
(Leveque, 1998).

2.4.5

The Black Sea pool

Considerable changes in phytoplankton in the Black Sea (augmentation of a role of
peridineans and golden seaweed), especially in its deep-water eastern part, within 70 years, are
stipulated due to the influence of anthropogenic and natural factors. Withdrawal and seasonal
redistribution of the river discharge belong to the first group. Change of atmospheric circulation
as the increased frequency of north and northeast atmospheric transfer with 1960 and 1986
years belongs to the second one. Possibly, the Black Sea phytoplankton has been passed to a
new qualitative condition with a low level of species diversity (according to Shannon) under this
influence.
Comparison of the data of long-term changes in phytoplankton of the Black Sea and
other regions of world oceans have made the establishment to assume, that the contribution of
a climate change, in perennial dynamics phytoplankton in the Black Sea is rather significant and
can amount to 56 % (Bryantseva et al., 1996).
The thermal mode of the Black Sea limits development in its warm water. Unusually,
the warm 1998-1999 years have removed a temperature barrier, which has resulted in
appearance at Gelengik such as typical " Mediterraneans" as Rhincalanus and Pleuromamma
(Zaika, 2000). Probably, the temperature anomaly has facilitated also penetration into the Black
Sea ctenophora – Beroe ovata (Konsulov, 1998).
The forecasts predict the general tendency of rising Black Sea temperatures. In the
southeast part of the Black Sea a stronger rise in temperature is predicted, than in the
northwest part. Rising of sea and air temperatures are likely to increase the frequency of
extreme phenomena, such as strong storm in the Black Sea. Storm surges along the Black Sea
coastline are likely to cause considerable erosion on the coasts (Barabanov, 2000).

2.4.6

Pool of Baikal Lake

The rising of temperature of 20? can become the cause of shift of the lower climatic
zones of plants upwards at 250 m, and further up at 450 m. In pool of Baikal such shifts will
result in almost complete disappearance of high-mountainous orobioms such as tundra and
dilating of the lower climatic zones - forest-steppes.
With rising of temperature of 20? and annual sums of precipitation of
20 %, the greatest changes will touch tundra, light-coniferous taiga and montane taiga, foreststeppe both undertaiga. Tundra and light-coniferous taiga practically will disappear; mountain
light-coniferous taiga will be reduced almost 2 times. Forest-steppe will extend and will occupy
more than half of pool. In pool, there will be conditions for expansion of dark-coniferous species
such as cedar and fir. These species dominate in montane taiga dark-coniferous orobioms,
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which though will extend sometimes on the area, but in the sum will not exceed 15 % of the
area of pool. The feature of change of dark coniferous forests under the influence of climate
warming will be augmentation of taiga by four times - special wet and warm type of taiga with a
rich biodiversity. Now these forests in limens of pool are marked only on windward of
mountainside range of Khamar-Daban. Under the influence global warming and the
humidification, there will be new congenial conditions for growing special wet and warm type of
taiga, for example in the southeast part of Baikal pool.
The forests of pool play important anti-erosion and filtering role for lake of Baikal. Now
they cover about 70 % of pool of Baikal. With warming, about half of pool will be engaged in
forest-steppe, that is three times in excess of its modern area. The filtrating ability of foreststeppes is much weaker and their sensitivity to erosion is more than at mountain forests. Thus,
it is possible to expect that the flow of alluviums from pool will increase at climate warming at
the minimum, 9 times i.e. the quality of water in the lake can worsen considerably (Chebakova
and Parphenova, 2000).

2.4.7

Tundra of the Russian Arctic Region and Alaska

The tundra occupies according to various assessments, about 8 % of the area of all
terraneous ecosystems. The sum stores of Carbon in bedrock and phytomass takes up one of
first places among other biomes. The tundra contains 13.7 % (191.8 Gt ? ) from total of Carbon
(1395.3 Gt ? ) accumulated in soil (Ajtay, 1979). The average store of Carbon for the Russian
tundra is 103 t C ha-1 at a variation from 23 t C h?-1 in polar desert up to 321 t C ha-1 in moors of
forest-tundra. For the terrain of Alaska the average stores of Carbon vary for various phylums of
bedrocks in limens of 142-324 t C ha-1 (Eswaran et al., 1993).
In tundra, as well as in forests, the fires represent one of the basic paths of quick return
of Carbon from an ecosystem to the atmosphere. At the warming of climate, the probability of
originating fires is increased. It can essentially have an effect on the carbon balance of the
terrain of the Russian Arctic Region.
Permafrost and seasonal thawed layer of soil of tundra ecosystems contain a
significant quantity of organic Carbon. With rising temperatures of air and soil above 140C, a
significant part of this Carbon can convert to CO2 of atmosphere (Billings et al., 1982), that will
influence in turn the principle of a positive feedback on process of global warming.
In Alaska (USA), the tundra ecosystems, which first functioned as Carbon dioxide sink,
changed into its source for the last 20 years (Oechel, et al., 1994; Oechel et al., 1995). The
results confirmed the marked effect of a positive feedback, that was also received in various
regions of Russian tundra zone (Zamolodchikov et al., 1998). From this, it follows that the
tundra biome can become a significant source of Carbon in a period of global warming.
At the same time, burned-out forests functioned as sink of Carbon. It means, that after
fire, the regeneration of store of Carbon can go successfully enough and against a background
of warming. It is possible that vegetative community, which is recovered on burned-out forests
at present, will be better adapted to warming than the broken type of tundra community.

2.4.8

Steppes and Forest-Steppes of the Ex-Soviet Union

As a whole, a warming of 1-20? in the terrain of ex-Soviet Union would increase the
areas of forest-steppes and steppes approximately twice (Kobak and Kondrasheva, 2000). And
the climatic conditions will contribute to the advance of forest-steppes to north and east, and of
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steppes - to north and south, to modern semi deserts. In this connection there is a probability of
not only having a further change of intensity in the processes of erosion and deflation of
bedrocks, but also dilating of the area of their development (Bazhenova and Mart’yanova,
2000).
On the background, global warming in the steppes and forest-steppes of Siberia are
observed and could lead to an increase of arid zone and some decrease of continental climate.
The climatic changes invoke transformation of morphodynamics of the systems. On the most
part of the investigated terrain, the intensity of erosive processes is relaxed. In the northwest
part, these tendencies are anatropic. Transitive zone, where there is a change of an orientation
morphogenesis, differs by the greatest stability with small size climatic and geomorphological
divergences.
According to forecasts, climatologists investigating the increase warming of the climate
of south of Siberia in XXI century (Izrael’ et al., 1999) noted that it is necessary to expect that
the tendencies revealed now will be maintained in the future. The forecast on the conditions of
zonal landscapes based on the climate and technology of neurosystems in the south of Middle
Siberia shows that with an increase of average summer temperatures of 1-20? and of 3-40? in
winter, the woodland would decrease on austral outskirts of the boreal region even when
augmentation of the annual sums of precipitation of 30-50 mm is expected.

2.4.9

Forests (General)

Forests are important habitats for many species. Many assessments - climate change,
biodiversity, and desertification have been carried out. All of these assessments point to the
significant role of forests in climate change, habitat maintenance for biological diversity and
forestalling land degradation and desertification.
Studies [IPCC 1990 (a,b,c), 1995 (a,b,c)] indicate that conversion of forest land to
agricultural land releases carbon into the atmosphere through burning and decay. Regrowth of
forests withdraws carbon from the atmosphere and stores it again in trees and soils. Estimates
show that there is a net flux of carbon into the atmosphere as a result of land use changes of
1.7. GtC/yr + 30%. Disturbed forest (e.g as a result of forest fires) tends to become a net carbon
source into the atmosphere. Such disturbances have been associated with warming. Climate
change can therefore affect forests' capacity to store carbon.
Changes in forest cover also influence the surface albedo and can affect local and
regional climates besides compromising the quality of soils and encouraging soil erosion by
both wind and water leading to land degradation and/or desertification.

2.4.10 Tropical Forest
Many tropical humid forests contain drier, upper-storey, succulent plants, such as
orchids and bromeliads and some cacti, which have photosynthetic pathways that are more
typical of desert plants. With increased warming and rainfall seasonality, the incidence of these
functional types may be expected to increase.
In tropics the trees growing in forests and single trees are the basic source of fruits,
colors and habitat of animals populations. They also are reproduction dominants and greatly
influence the compound structure of forest, dynamics of development, hydrology and
accumulation of Carbon. Laurence et al. (2000) have shown, that the fragmentation of forests in
central Amazon renders unproportionally tough effect on large trees, whose loss results in the
large infringements of tropical ecosystems. The large tropical trees are very vulnerable to
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desiccation. In fragmented forests of Amazon the large speed fall of large trees can
considerably decrease productivity of other species of plants of a stand of trees, decreasing
thereby the store of wood and worsening its frame, promoting a reproduction short-living
pioneer of species and varying biogeochemical processes of transpiration - respiration, and also
cycle of Carbon and greenhouse-gas emission. As fall of trees is constantly increased, and the
populations of large trees with age from 100 and up to 1000 years, in fragmented forests can
never be restored.
The destruction of tropical forests on the area more than 100 ?? 2 raises albedo and
accordingly provokes decrease of quantity precipitations. According to these data, the
augmentation albedo by 0.1 can lower atmospheric precipitation by 23%. As a result, natural
habitat degradesin a cycle: deforestation, desavannation, desertification (Lavrov and Sdacuk,
1985; Ryabchikov and Kurakova, 1983). In this cycle there is an increase in albedo of 0.1 (in
forests) up to 0.35-0.40 (in semideserts and deserts). As a result aridization of landscapes, the
dryness of air increases. According to experimental data, at relative humidity of air below 40 %,
the fall of atmospheric precipitation becomes impossible (Gakov, 1982). The products of
burning of a forest (fires) concentrates in troposphere also promote decrease of quantity
precipitations (N’umen, 1989), although Blutgen (1972) relates fires to the nucleusformative
factors promoting condensation of moisture. Centuries-old processes of destruction of forests
increase droughty continents and large islands; pollution of ocean (Stepanov, 1992) is directed
to infringement of ecological equilibrium and in biosphere. The problem of regeneration of
forests is necessary to solve simultaneously with realization of the projects on creation of 465
m ha of green plantations in tropics for depositing 2.9 mld. t Carbon (Sedjo, 1989) or by
removal of surplus of Carbon in an atmosphere (5 mld. t) with the help of still greater dilating of
the area of forests in temperate latitudes and tropics (Kondrat’ev, 1992?).
With a fragmentation of forests, the natural habitat of many mammalians, living in these
forests has decreased (Kovler, 2001).

2.4.11 Arctic and Antarctic Habitats
Ice shelf instability is affected by the increase in seawater and air temperatures. The
sudden collapse of the Larsen A Ice Shelf in January 1995 provided crucial evidence to
substantiate arguments that there exists an abrupt thermal limit on ice shelf viability that is being
driven southward by regional warming trends.
With the decrease in sea ice and the rise of ambient air temperatures, more moisture is
delivered into the atmosphere from the oceans, which then leads to increased precipitation and
larger snow accumulations.
Higher temperatures, increased snowfall and less ice have changed the habitats of
numerous species including the Adelie and Chinstrap penguins, southern fur and elephant
seals, and invertebrates such as phytoplankton and krill. This has caused a change in their
feeding and breeding patterns, and is particularly evident in those species, which inhabit the ice
edge. As the ice edge retreats, the inhabitants have moved with it.
Over the past 20 years Chinstrap populations on the Antarctic Peninsula have
increased by 6-10 percent a year. This has resulted in a five-fold expansion of colonies. By
contrast, Adelie populations on Torgensen Island near Palmer Station have decreased from
15,220 breeding pairs in 1975 to the current level of 9,200 pairs, and studies have indicated the
disappearance of 21 Adelie colonies from five islands in the area.
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These changes have resulted from an alteration of the Adelies' feeding and nesting
sites: larger snowfalls have covered nesting sites longer into the season, while krill availability
has decreased. Krill feed on the algae that grow on the bottom of winter `sea ice; as the sea ice
decreases as a result of fewer cold winters, the algae and therefore the krill decline. The
greatest changes in Adelie populations have occurred at the periphery of their habitat,
consistent with predictions on how climate change might affect biodiversity and populations.
Other examples of how climate change is affecting the Antarctic Peninsula are the
increase and abundance of two Antarctic vascular plants and the increase in population of ice
avoiding seal species. In the Argentine Islands of the Antarctic Peninsula, the Antarctic
pearlwort and Antarctic hair grass--the only two native vascular Antarctic plants-have
experienced a rapid increase in population and abundance. Due to a longer and warmer
growing season, the Antarctic pearlwort has increased by more than 5-fold and the Antarctic
hair grass by nearly 25-fold in the study areas of Skua and Galindez Islands.
Changes in the population of the southern fur seal and the southern elephant seal have
been noted at Palmer Station, which is consistent with observed changes in sea-ice extent.
Both of these species prefer open water, and decreased sea-ice could have favored their
expansion. The southern fur seals have increased from six individuals in 1975 to 2,000 in
1995/6 and the southern elephant seals have increased by 300 percent over the same period.
Climate change is affecting also Arctic animals by melting their habitat, according to
new evidence uncovered by a Greenpeace expedition. The research found young walruses in
particular were affected by the change to the ecosystem, but polar bears, seals and seabirds,
which all depend on sea ice for their survival, were also at risk.

2.4.12 Coral Reefs
Some sources estimate that 10% of all reefs have been degraded beyond recovery,
and another 20-30% are in peril over the next 10-20 years (Crosby et al., 1995).
Reef-building corals, which are central to healthy coral reefs, are currently living close
to their upper thermal limit. They become stressed if exposed to small slight increases (1-2oC) in
water temperature and experience coral bleaching.
Coral bleaching occurs when the photosynthetic symbionts of corals (zooxanthellae)
become increasing vulnerable to damage by light at higher than normal temperatures. The
resulting damage leads to the expulsion of these important organisms from the coral host.
Corals tend to die in great numbers immediately following coral bleaching events, which may
stretch across thousands of square kilometers of ocean. Bleaching events in 1998, the worst
year on record, saw the complete loss of live coral in some parts of the world.
Global climate change models show that the thermal tolerances of reef-building corals
are likely to be exceeded within the next few decades. The genetic ability of corals to acclimate
is already being exceeded. Corals may adapt in evolutionary time, but such changes are
expected to take hundreds of years, suggesting that the quality of the world's reefs will decline
at rates that are faster than expected.
Every coral reef examined in Southeast Asia, the Pacific and Caribbean showed the
same trend. The world's largest continuous coral reef system (Australia's Great Barrier Reef)
was no exception and could face severe bleaching events every year by the year 2030
(Hoegh-Guldberg,1999). The rapidity and extent of these projected changes spells catastrophe
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for tropical marine ecosystems everywhere and suggests that unrestrained warming cannot
occur without the complete loss of coral reefs on a global scale. The loss of these fragile
ecosystems would cost billions of dollars in lost revenue from tourism and fishing industries, as
well as damage to coastal regions that are currently protected by the coral reefs that line most
tropical coastlines.

2.4.13 Mammals
As mammals ultimately depend largely on plants as a food and shelter resource, a
significant change in the range distribution of a key plant species under climate change can
have a critical impact on their distribution. With forest fragmentation already increasing under
burgeoning land-management pressures, the range distribution of many forest-dwelling
mammals has decreased dramatically. This process is almost certain to accelerate with global
warming and accompanying human population pressure. Many mammalian breeding strategies
are closely constrained by temperature. With increasing temperature, certain mammals will be
at a breeding disadvantage unless they are able to migrate to match the necessary conditions
for survival. Food resources for a number of herbivorous mammals are in many cases
restricted to certain plant species that may be under threat with climate change. The decline in
abundance of these resources may have a domino effect on both herbivores and their top
predators.

2.4.14 Birds
Several sources suggest that 12 per cent of birds may be at high risk of extinction, with
the numbers increasing yearly, although this may vary from region to region. Bird-species
richness appears to increase with terrestrial patchiness or intermediate levels of disturbance
both in the tropics and in temperate zones. Where patchiness is reduced or damped under
climate change leading to more homogeneous conditions with fewer plant species, there may
be a reduction in overall avian biological diversity. For example, in southeastern Australia, there
are broad trends in bird-species distribution along gradients of elevation and soil moisture that
are expected to result in shifts in bird populations with climate warming. With increased forest
fragmentation, e.g. in Minas Gerais, Brazil, there has been a loss of 48 per cent of forest bird
species, probably due to habitat loss resulting in very small sizes of forest fragments. There is
therefore a need to preserve larger fragments in order to retain more specialized forest bird
species.
Impacts on birds may already be under way, with a trend detected in the movement of
ranges towards higher latitudes in Antarctica, Australia and North America. Certain birds from
high-elevation habitats and cloud forests are also expected to move where they can, towards
higher latitudes as temperatures rise. In certain high island habitats, especially oceanic islands,
endemic populations with limited flying range will be at increasing risk of extinction. Forestdependent sea birds, for example the endemic Lord Howe Island Providence Petrel
(Pterodroma solandri) with great flying range but highly specific forest habitat, could be at
extreme risk. Increased forest fragmentation under global warming may lead to variable
responses in bird-species richness depending on forest type and local climate. Migration
patterns are almost certain to change for many species under a global warming scenario where
increased land and sea temperatures significantly affect over-wintering resources en route to
breeding habitats.
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2.4.15 Insects
Climate-change impact on insects is likely to differ markedly between temperate and
tropical regions. In contrast to the temperate zone, most herbivory in the tropics (more than
70 per cent) occurs on ephemeral young leaves. As a consequence, plant/herbivore interaction
in the tropics may be more susceptible to climate change, and insect outbreaks increase and
herbivory rates rise two- to fourfold where increased carbon dioxide is combined with drying.
The predicted increase in the number of herbivores may be primarily due to relaxed pressure
from predators and parasitoids; under these circumstances, relative abundance of species
could change and overall biological diversity decline. In a similar way, in countries like, for
example, New Zealand, although the impacts of climate change will vary throughout the
country, climate change is expected to increase the range of many insects and thus increase
their pest status.
As it is visible from the numerous reports (Dress, 1994; Elstt and Schulte, 1995; Karner
and Ranner, 1997 etc.), alongside with the crisis phenomena of decrease of a biodiversity there
is an intensive penetration of many species, for example of Orthopteroidea insects, from the
south to north, anyway in Europe.
Longer growing seasons will enable insects such as grasshoppers to complete a
greater number of reproductive cycles during the spring, summer, and autumn. Warmer winter
temperatures may also allow larvae to winter-over in areas where they are now limited by cold,
thus causing greater infestation during the following season. Altered wind patterns may change
the spread of both wind-borne pests and of the bacteria and fungi that are the agents of plant
disease.
Global warming in many regions Palearctic, including the south of Russia, for the
present promotes unstable state and sharp fluctuations of climatic conditions, with the tendency
towards aridification. The droughts in a temperate climate promote essential structural
reorganization of entomocenozovs and mass breedings of not only Opthopteroidea, but also
many others of insects. Within the coming decades with the conservation of the tendency
towards aridification it is possible to expect augmentation of duration of the seasons of mass
breeding of Calliptamus italicus L., increase of stability and scales of injuriousness Acrididae in
significant Palearctic terrains (and in the south of Russia) (Stolyarov, 2000).

2.4.16 Amphibians and reptiles
Because many amphibians and reptiles are adapted to very cryptic, moist forest
habitats, any change leading to a drying out of habitat, for example with increasing seasonality,
is thus very likely to lead to a decline in species number. This is likely to affect both high
mountain areas as well as lowland, humid forest habitats. While this may reflect the majority of
cases, for example in the tropics, the converse may be equally true where warming is
accompanied by increased moisture and reduced seasonality. Certain groups with dormancy
strategies (e.g., some frogs) equipped to deal with increasing dessication may be expected to
survive or possibly expand relative to others less well equipped. With an anticipated change in
both these environmental determinants with global warming there are serious implications for
these amphibian and reptile groups.

2.4.17 Marine plants
There are too few data to allow any confident statements on the effects of global
climate change on the diversity of marine plant life. However, on the basis of information
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available in the literature, it is possible to make predictions about the physiological responses of
plants under situations of anticipated increases in CO2 concentrations, temperature and UV-B
fluxes and point out how differences in the responses of major marine plant groups might lead
to changes in performance and distribution of these organisms. For instance we may predict
that macrophytes such as seagrasses will show enhanced photosynthetic rates and growth as
atmospheric CO2 levels continue to rise whilst many intertidal macroalgae are already at
CO2 saturation and may not show any enhanced performance as CO2 increases. Decreasing
ozone concentrations in the stratosphere will lead to enhanced UV-B fluxes and could
consequently favour those species with UV tolerance or repair mechanisms. It has been
suggested that interactions between temperature range and photoperiod can be responsible for
excluding species from particular regions of the world's oceans. Other species might be affected
in this way as temperatures at given latitude change. Temperature will also influence the
relationship between atmospheric and dissolved CO2 and the proportions of the various
components of dissolved inorganic carbon available for growth. Climate change may well have
other effects on the efficiency with which marine plants use other resources such as N, Fe or Zn
and these will also be discussed (Beardall et al., 1998).

2.4.18 Deep-sea benthic species diversity
High species diversity in the deep sea and in the tropics reflects long-term climate
stability. But the influence of climate change on deep-sea diversity has not been studied and
recent evidence suggests that deep-sea environments undergo changes in climatology driven
temperature and flux of nutrients and organic-carbon during glacial-interglacial cycles. Pliocene
(2.85-2.40 Myr) deep-sea North Atlantic benthic ostracod (Crustacea) species diversity is
related to solar insolation changes caused by 41,000-yr cycles of Earth's obliquity (tilt).
Temporal changes in diversity, as measured by the Shannon-Weiner index, H (S), correlate with
independent climate indicators of benthic foraminiferal oxygen-isotope ratios (mainly ice
volume) and ostracod Mg:Ca ratios (bottom-water temperature), during glacial periods
(H (S) = 0.2-0.6), whereas during interglacials (H (S) = 1.2-1.6), it is three to four times as high.
The control of deep-sea benthic diversity by cyclic climate change at timescales of 10 super
(3)-10 super (4) yr does not support the stability-time hypothesis because it shows that the deep
sea is a temporally dynamic environment. Diversity oscillations reflect large-scale response of
the benthic community to climatically driven changes in thermohaline circulation, bottom
temperature (or temperature-related factors) and food, and a coupling of benthic diversity to
surface productivity (Cronin and Raymo, 1997).

2.5

SUMMARY

Five primary influences in global change that affect biodiversity: global atmospheric
carbon dioxide, climate change, biotic change (the introduction of new species to an
ecosystem), nitrogen deposition and land-use change have been identified.
On land, the Mediterranean climate and grassland ecosystems will experience the
greatest proportional change in biodiversity because all five factors affect them. Northern
temperate ecosystems will experience the least amount of change, primarily because they have
already been extensively affected by major land-use change. The most land-use change will
occur in the tropical forests and temperate forests of South America and the least in arctic and
alpine biomes.
Climate change will affect high altitudes the most while having the fewest changes in
the tropics. Nitrogen deposition is greatest near northern cities in temperate zones and least in
the arctic and southern temperate forests.
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Under climate change, the differential response of species will affect interaction and
competition leading to changes in their spatial and temporal distribution.
The maximum rates of spread for some sedentary species, including large tree-species
may be slower than the predicted rates of change in climatic conditions.
In many cases further complications will arise from the complexity of species
interactions and differential sensitivities to changing conditions between species. Certain
species may rapidly adapt to new conditions and may act in competition with others.
Rare, isolated or slow-moving species could lose out to weeds and pests that can
move or adapt quickly.
The large number of immigrating species could add considerably to the competitive
pressure that indigenous species are under and thus bring about additional changes in the
species inventory and in dominance patterns.
Earlier models that forecasted shifts in forest biomes or ecosystems, as intact entities
as a response to climate change are now no longer considered useful. The reason is due to the
differential response of species and functional types to a changing environment in which biomes
and ecosystems are likely to lose ecological integrity. For this reason, forest ecotones are likely
to become blurred as the range distributions of species and functional types readjust to new
environments. Migration rates between different plant and animal groups differ regionally with
barriers to certain groups arising through increased habitat fragmentation. Most models
suggest that increases in invasive weedy species, especially exotics, associated with regional
shifts in pests of forest and agricultural crops may accompany biological diversity decline where
the biogeochemical cycle is changed and where increased fragmentation favours expansion of
more opportunistic weedy groups. Regional differences in ecosystem response restrict
generalization about the invasive potential of species.
The most recent findings suggest that within the context of climate change, northern
temperate forests are likely to experience the least impact because of the major land-use
change that has already taken place. Impacts of biotic introductions are likely to be least in
boreal and higher-latitude forests because of extreme conditions, although these may change
depending on the level of climate warming. In the tropics, there will be relatively less impact in
intact forest ecosystems because of their inherently high biological diversity and buffering
against invasive impacts by alien species. However, depending on the region, this may change
with shifts in seasonality and consequent canopy opening, leading to vulnerability to invasion by
opportunistic, exotic and indigenous species. For many biomes, when all drivers of climate
change are considered, climate change is second only to land-use change. Across biomes, the
interaction of these factors, together with other important drivers, such as nitrogen deposition,
carbon-dioxide enrichment and biotic exchange, renders it difficult to isolate the effect of climate
change alone.
Global warming will have an effect on sea-surface temperature (SST) and sea level. As
a consequence, it is likely that ice cover and oceanic circulation will be affected, and the wave
climate will change. The expected changes affect global biogeochemical cycles, as well as
ecosystem structure and functions, on a wide variety of time and space scales; however, there
is uncertainty as to whether extreme events will change in intensity and frequency.
Redistribution of SST could cause geographical shifts in biota as well as changes in
biodiversity, and in polar regions the extinction of some species and proliferation of others. A
rise in mean SST in high latitudes should increase the duration of the growing period and the
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productivity of these regions if light and nutrient conditions remain constant; Sea-level changes
will occur from thermal expansion and melting of ice, with regional variations due to dynamic
effects resulting from wind and atmospheric pressure patterns, regional ocean density
differences, and oceanic circulation; and Changes in the magnitude and temporal pattern of
pollutant loading in the coastal ocean will occur as a result of changes in precipitation and runoff
(Ittekkot, 1996).
Accelerated rates of sea level rise and other impacts of climate change resulting from
global warming are likely to aggravate threats to coastal biodiversity in the United States.
Species restricted to or dependent upon a narrow band of habitat close to sea level will be
subjected to continuing threats of development from above, and rising sea levels from below. In
five states alone, almost 500 rare and imperiled species utilize the coastal fringe below the
10-foot contour. Some 53 species federally listed as threatened or endangered or as candidates
for listing are found only within the narrow band below the 10-foot contour.
The coastal zone is essential to marine life and supports a large part of the living
marine resources. This zone has the highest biological diversity compared to any part of the sea
and it is estimated to contribute about 25% of global biological production and supports most of
the world's fisheries as well as their important living resources. The coastal zone is also the
region of the globe where variations in climate and the effect of a wide range of human activities
have the greatest environmental impacts. Insular ecosystems are particularly fragile.
Mangroves, estuaries, coral reefs and lagoons provide nursery grounds for myriads of
organisms, which constitute the marine living resources of the country, as well as the wealth of
tropical marine biodiversity. Industrial growth, demographic pressures, tourism and
infrastructure development and competing demands for coastal and nearshore resources
(i.e., for agriculture, mining, quarrying, fishing, recreation), coupled with environmental
degradation from sewage outfalls, agrochemical runoff and contaminated groundwater
seepage, pose serious threats to marine ecosystems. The effects of sea-level rise and climate
change, together with coastal activities and shoreline modifications, have resulted in coastal
erosion of alarming proportions.
Climate change will have its greatest effect on wetlands by altering their hydrologic
regimes. Any alterations of these regimes will influence biological, biogeochemical, and
hydrological functions in wetland ecosystems, thereby affecting the socioeconomic benefits of
wetlands that are valued by humans. Due to the heterogeneity of non-tidal wetlands, and
because their hydrologic conditions vary greatly within and among different wetland types and
sites, the impacts of climate change on these ecosystems will be site-specific. Impacts can be
generalized for specific wetland types and, to some degree, wetland regions. However,
generalization across wetland types is difficult and cannot be made in terms of locations or
wetland categories (Oequist and Svensson 1996).
The capacity to predict environmental change in the coastal zone over decadal periods
requires new research that adopts an integrated, long-term view of the dynamic functioning of
coastal systems. Observational studies must take account of episodic events at a range of
scales, and provide data that allow variability and trends to be distinguistod and that enable
models to be validated. Different types of models - budget, process, system - are needed to
define the complex physical, chemical and biological interactions at the land-sea interface and,
in particular, to explore the consequences of continuing exploitation of coastal resources by
humans. Such work will only be feasible if adequate technological resources are made available
for environmental monitoring (including remote sensing), for data archiving and analysis, and for
the development of a global typology or classification of coastal systems as the basis for
extrapolation in time and space.
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At predicted rates of climate change in the near future, coral reefs are likely to survive
as an ecosystem. Increases in sea level may actually benefit corals and lead to regional
increases in diversity if new habitat area on back reefs is opened to increased water circulation
and thus coral dispersal (Chadwick Furman, 1996). Rising temperature may cause higher rates
of coral mortality and even local extinction in isolated, small populations such as those on
oceanic islands. The effects of increases in ultraviolet radiation (UV) are largely unknown, but
likely to be negative. UV may damage planktonic coral propagules in oceanic surface waters
and thus decrease rates of gene flow between coral populations. This may result in increased
local extinctions, again with the strongest impact on widely separated reefs with small coral
populations. The largest threats to coral diversity are regional anthropogenic impacts, which
may interact with global climate change to exacerbate rates of local species extinctions. Centres
of high reef coral diversity coincide with human population centres in Southeast Asia and the
Caribbean, and thus the greatest potential for species loss lies in these geographical areas.
Assessment of emissions and of climate impacts, especially on carbon sinks and
sources, requires a clearer definition of forests and of afforestation, reforestation and
deforestation (as proposed by the IPCC Special Report on Land-Use, Land-Use Change and
Forestry (LULUCF)), and a reassessment of the fate of carbon in such systems. For example,
recent studies show that, whereas in temperate and boreal forests, below-ground carbon is
highly significant relative to above-ground carbon, this now appears less likely to be the case in
many tropical forested lands, apart from freshwater and mangrove swamp forests on deep
peats. It is also recognized that old-growth unmanaged forests have more carbon, as well as
biological diversity, than do managed forests.
Although there is evidence that forests act as significant carbon sinks and that activities
that enhance forest establishment through afforestation and reforestation could help mitigate
the effects of climate change, it should also be kept in mind that afforestation may also
adversely affect non-forest biological diversity. Conversely, deforestation will have an adverse
effect on surface albedo while at the same time contributing to a relative increase in emissions
through fire and a reduction in total carbon sinks.
In agricultural landscapes changes in the length of growing seasons may improve
productivity in mid-latitudes and increase the potential for arable crops at high latitudes. Global
warming may encourage the expansion of agricultural activities into regions now occupied by
natural ecosystems such as forests, particularly at mid- and high-latitudes. Negative impacts
may include increased ranges of insect pests and diseases, and failure of crops in some
regions from drought or flooding.
Increasing evaporation demands due to warmer temperatures and the increasing
frequency and intensity of El Niño Southern Oscillation (ENSO) events, as predicted for a
warmer future, will undoubtedly result in an increased fire frequency in many regions of the
world, particularly in boreal and tropical forests.
Global phenomenon such as climate change may be interacting with local factors to
destroy amphibians that have existed on Earth since before the age of dinosaurs. Since 1980,
at least 20 amphibian species have become extinct, and many others are shrinking dramatically
in regions as distant and different as Oregon and Costa Rica.
In most cases natural or man-made barriers will impact the natural movement of
species or communities. Arctic tundra and alpine meadows may become squeezed by the
natural configuration of the landscape, while these and many other natural systems may be
further confined by human land-use patterns. Many national parks and protected areas are now
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surrounded by urban and agricultural landscapes, which will prevent the simple migration of
species beyond their boundaries.
The fact that climate change is already changing the biodiversity of the Antarctic
Peninsula should be a warning for the rest of the planet. One example is a recent study, which
established that the Indian Ocean's deep water has increased by 0.5 degrees C between
1962 - 1987 and now contains more fresh water. Deep-water currents provide nutrients and
regulate temperatures in other oceans, and are therefore driven and supplied by the Antarctic's
unique climatic system.
Seemingly small increases in temperature have changed the physical aspects of this
region, which then affect the populations of penguins, seals, krill, and flora. Once these changes
occur, it may take decades or longer to return to a former balance, and then only if governments
agree to take the sorts of action that will lower CO2 emissions at an appropriate rate. This is a
crucial year of decision, with the Third Meeting of Parties to the Climate Convention Meeting in
Kyoto this December. Thus far, it is apparent that governments are very far from making those
commitments.
One of the tools endorsed at the Rio Earth Summit Conference in 1992 was the
"Precautionary Principle". That principle must be firmly applied in the case of global climate
change. The steps that are required now in order to avoid large dangers later are quite modest.
All that is lacking is willpower on the part of the world’s governments. In this context, what is
happening in the Antarctic should be a wake up call to take the necessary actions.
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CHAPTER 3
THE REVIEW OF DEFORESTATION EFFECTS ON CLIMATE CHANGE
IN THE REPUBLIC OF ARMENIA AND THEIR IMPACTS ON
BIOLOGICAL DIVERSITY
(V. Grigoryan - Republic of Armenia)
‘’The key to the future is to use the biological natural resources continuously renewed
by the sun at a rate at which they can be regenerated’’- From SLU’s (Swedish University of
Agricultural Sciences) policy document
‘’Mankind will live as long as forests live’’ - A Kashmir proverb

3.1

HISTORICAL AND CURRENT CHANGES IN FOREST COVER OF THE
REPUBLIC OF ARMENIA

The present scarce forest cover and its uneven distribution is a result of
anthropogenesis and climatic factors. In conditions of a mountain relief where climate is the
main factor of creation of soil and vegetation cover due to the unforeseen human activity, there
took place not only the devastation of forest cover but its boundary as well. Really the upper
edge of forests of Republic of Armenia everywhere declined from its natural boundaries to
150-250 m lower, and in some places even 500 m.
Now let’s present some changes in the regions.
In historical times, the forest-covered territories in the basin of lake Sevan were the
southern ranges of mountains Areguni and Sevan, southeastern slopes of Pambak, and also
northwestern ranges of Karabagh highland. These areas were covered by oak (Quercus
macranthera), and in the upper edge by birch (Betula litvinovy). The southern lake face slopes
were covered by forests of Junipers (Juniperus polycarpos), which still exist and have original
nature. Junipers in comparison with oak are thermopile, so they "climb” up to height of
2200-2400 m.
Having the 1:84 000 scale map of Sevan basin of 1927, we determine what kind of
changes took place with forest cover up to 1927. For comparison, we chose the two types of
forest-covered territories, which are divided by Kara-Murza (one of the famous researchers of
the vegetation of lake Sevan basin).
The forests of the first type are those, which had existed during
1927-1929 investigations. And forests of second type are those, which during 1927-1929 were
covered by dry mountain vegetation. It is clear after calculations that forest-covered area was
9 times greater than during 1927-1929 investigations. But this value is different for different tree
species. For instance, previous oak forests (16.58 km2) were 3 times more in area than oaks of
1927-1929 (4.94 km2); and the area of the mixed forests - 9 times more in area than
1927-1929. The junipers of 1927-1929 did not have homogeneous distribution, due to which it is
difficult to calculate their area. In previous centuries they have had widespread and
homogeneous distribution (31.04 km2). It is interesting, that forest covered areas on the map of
Kogh (1850) occupy only mountain ranges of Aregunej and Sevan. It means that in middle of
the previous century, the forest covered areas of Sevan basin had decreased.

28
In the internal part of Arpa river basin, up to height of 1200-1300 m, dry slopes had
been occupied by mindal (Amygdalus fenciliana), pistica (Pistica mutica) and also by
homogeneous juniper and mixed scarce forest, which in the form of separate “islands” exist
even now. Upper areas had been covered by mixture forest of oak (Quercus macranthera), and
southern sunny dry slopes are covered by scarce forest of oak and juniper (Juniperus
polycarpos), which rises to 2700-2750 m. The remnants of these forests have been protected in
the Arpa river and its tributary basin: the oaks and junipers of Artavan (Vajots-Dzor mountains),
the forest “islands” in the Vorotan pass region, the oaks and junipers of Herher, the forest
“islands” of Yeghegis river basin and big forest masses of Jermuk. The latter rise up to a height
of 2500-2600 m., where they are edged by birch (Betula litvinovy), sorbus (Sorbus vulgaris) and
another small tree species.
The great part of historical Sjunik region was covered by forests and they have been
protected on southeastern slopes of Zangezur mountain, on Bargushat and Meghri mountains.
But now the northern parts of Goris district are not forested. At the same time, the southern
slopes of northwestern part of Zangezur are covered by forests however with bad conditions
for forest grow. Actually the forest cover is in the form of separate islands, distributed in the
deep valleys. The rich pale ontological collection gives us chance to speak about widespread
forest cover in the previous centuries.
The Ararat valley had to be forested during previous centuries. The approval for this is
pollen of flowers, which are discovered in oil and gaze drill-borings of Armavir district (in the
Miotzen sediment layers). This pollen of flowers belongs to deciduous and coniferous forest tree
species. Since the Tertiary period, this region has been satisfactorily forested from which now,
have remained separate big and small forest “islands” on Tsakhunjats mountains, on southern
slopes of Geghama highlands, on northern slopes of Ara mountain, in south-eastern slopes of
Aragats and at the bottom of deep canyon Hrazdan and Kasakh. The discovery of pine wood
during excavations of historical monuments of Ararat valley and neighborhood districts (Sevan
basin, Vajk) and also presence of remnants pine natural forest area in Tshakadzor region give
us chance to suggest that pine was forest from tree species in previous Ararat valley forest.
The Shirak historical-natural region is actually un-forested, although its mountains part
were forest covered. There was forest cover on Javakh Mountains, Bazum and Pambak
mountains (their western parts, which are inside of Shirak region) and on Shirak Mountain.
Actually, there existed some preforest and popular covered areas on these mountains
The northeastern part of the republic in previous ages and now are forested. In this
region, the plateau of Lori was also forested. But during last centuries, these areas were more
and more reduced because of the climatic and anthropogenesis factors.
In this brief historical overview of forested areas of the republic, we can conclude that
the forest-covered areas were much bigger than now and changes have taken place in two
directions:
(a) The decrease of vertical boundaries,
(b) Changes within tree species in the remnant forests.

3.1.2

Current forest cover and its changes

The present forest area of Armenia is 459.900 ha, from which 334.100 ha or 11.2% of
the territory is covered by forests.
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The situation in the Armenian forests can be described as in figure 1:

State Forest Estate

Forests soil

Forested
334.100
Figure 1

areas

Non forests soil

Non-forested
areas 58.200
The forest sector structure (areas in ha)

The republic of Armenia is a scarce forest covered country, where forest and forest
covered territories per capita are only 0.15 and 0.1 ha respectively. Due to this, Armenia is
classified as scarce forest covered country. The appropriate parameter for the inhabitants of the
CIS reaches 2.7 ha, and in world at the average - 0.5-0.8 ha.
The scarce forest areas of the republic are distributed unevenly. 62 % of forests are
located on northeast of the republic, 36 % - in the southeast. Only 2 % of forests are in the
central regions.
Such kind of uneven distribution is explained by long-term impact of climatic and
anthropogenic factors. In turn, the forests have impacts on soil and vegetation cover of
neighborhood districts.
Due to soil protection, water regulation, climate, sanitary, hygienic and natural
protection features of forests, the Armenian forests are classified in the range of first class
forests. The cutting of forests for use is therefore forbidden.
There are more than 200 species of trees and bushes growing in the forest of Armenia,
the dominant part of which is deciduous one with valuable timber. The main tree species with
their areas are presented in table 1:
In the total forest resources, the shares of main tree species are:
•
•
•
•

Beech
Oak
Hornbeam
Other tree species

-

- 20.68 mln.m3,
- 12.5 mln.m3 ,
- 6.0 mln.m3,
2.56.0 mln.m3.
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Table 1

The main tree species in the Republic of Armenia

Main tree species
(With common
occurring subspecies)
Oak
(Quercus macranthera)
(Quercus iberica)
(Quercus araxina)
Beech
(Fagus orientalis)
Hornbeam
(Carpinus caucasica)
Pine
(Pinus Sosnovsky)
Juniper
(Juniperus
polycarpos)
(Juniperus
foetidissima)
(Juniperus oblonga) (Juniperus
depressa) (Juniperus sabina)
Other tree species

Area in ha

Area in percent (%)

120

35.9

96.6

28.9

55.1

16.5

17.7

5.3

8.4

2.5

36.3

10,9

The main figures of forests of the Republic of Armenia are (before massive cuttings
during 1992-1996):
•
•
•
•
•
•
•

Timber resources (stock) – 41,74 mln.m3,
Mean common annual growth – 0,45 mln.m3,
Mean resource per ha - 125 m3,
Mean growth – 1,3 m3,
Mean bonitet – III-6,
Mean density – 0,53,
Mean age – 99:

These figures show that forests of the republic due to long-term unsystematic and
sometimes, intensive use have been strongly destroyed and actual forest resource (stock) and
growth
are
lower
than
potential
conditions
for
them
(see
fig.2).
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FORESTS

Figure 2

The Forest Cover of Republic of Armenia
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3.2

FOREST UTILIZATION AND DEFORESTATION IN ARMENIA

Forest cover in Armenia has undergone significant changes since ancient times, in
both species composition and structure. However, the impact of man on the forests of the
country is obvious. Archaeological data indicates that around 40% of the land was originally
covered by trees, at altitude zones of 500-2000m (Figure 3).

Figure 3

Original and Current Distribution of Forests in Armenia
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Since then forest cover has been affected by both changes in climate and by anthropogenic
impacts. Increased temperatures resulted in a shift in the altitude zones at which forests were
found, with the upper tree line increasing as far as 2200m altitude in the north and 2600m in the
south. However, the anthropogenic impacts have had more extreme effects on forest habitats,
which now represent only 11% of the land surface (a quarter of the previous forest cover;
(Fig.3), and are concentrated in the north-east of the country. A number of regions in Armenia
are today totally deforested (Shirak, Armavir,Ararat), while others show very restricted tree
cover (<1%; Vaik, Kotaik, and Gegharcunik).
A range of factors have increased pressure on forest resources, including a series of
conflicts in the region which resulted in mass migrations of rural populations, and increased
pressure on land for grazing and agriculture. Two major periods of timber extraction have
occurred during this century. Between the 1930s and 1950s, around 450,000m3 of wood was
extracted annually from Armenian forests for industrial use. Although this extraction was
supposed to occur through selective logging of post-mature and damaged trees, forest
resources were decimated at this time, and most of the mature trees were removed (which
accounts for the current lack of mature and post-mature forests stands in Armenia).
Extensive deforestation also took place between 1991-1995, during the period of
economic blockade and energy crisis. A combination of poor forest management and illegal
felling resulting in damage to around 27,000 ha of forest (more than 8% of the total forest area),
and, of this area, around 7000 ha was totally cleared. The effects of the damage to forests are
clear in changes in species composition and in loss of forests on lower slopes. The effects of
the energy crisis on forests were particularly severe in the vicinity of urban areas (such as hills
around Yerevan) where pressure for fuel-wood resulted in clearance of such woodland,
resulting to both habitat loss, and increased erosion of soils on hillsides. As a result, nature
protection, aesthetic and sanitary-hygienic situation in the settlements has substantially
worsened.
The forest is overall poorly managed, with bad cutting regimes (fig. 4), scarce
regeneration activities, ‘’creaming’’ forest operations, etc., meaning that right now the forest is
over-utilized. This is not only in terms of volumes but what is worse, in terms of useful tree
species. The valuable beech, oak and pine trees, which primarily are being logged, are to a
large extent replaced by forest which is rich in hornbeam. The biodiversity values are more or
less neglected as it is now, despite the existing policy, which is very protective towards
biodiversity values. Some cases of illegal cutting were recorded even in the protected areas,
due to illegal collection of unique and relict plants; the Armenian flora has been irrecoverably
damaged. This kind of cuttings usually taking place in the internal part of protected forest, so the
outer boundaries remain untouched and it seems that there is no cuttings. This kind of cutting
process was taking place in the all forest reserves.
Results of 1998 assessment, provided by the Forest Research Experimental Center
(with assistance of Sweden International Development Agency) found out that cuttings (legal +
illegal) during 1991-1996 periods were 600 thousand m3 (fig. 5). In Yerevan, for example,
approximately 60-80 thousand trees were completely cut down, though they have been
significant tool in combating with industrial emissions.
Through existing ecological problem in the basin of Lake Sevan, approximately one
fourth of artificial forests were cut clear. This forest belt has been created during long hard
creative work, but was damaged during some years. It was created for protection of areas that
appeared after lake level decreased. So after these cuttings, the ecological state of lake
became worse.
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The other negative ecological situation is concerning cutting process of bushes,
especially in southern part of the republic where climatic conditions are quite dry. These cuttings
will accelerate the erosion process and create best condition for mudflow formation during short
intensive rain, which are very common in summer. So the scarce bushes, especially in the
southern slopes will create crisp ecological situation.
Other sources of forest degradation in Armenia are agriculture (especially overgrazing),
industry and energy sectors. Extensive grazing of cattle and pigs in forest habitats in recent
years has further contributed to degradation of forests, particularly through its effects on
regeneration of the vegetation.
Thus, the old principle of forest management and utilization must be changed. The
active forest management must be evaluated. The main principle of this management must be
effective forest management and protection of biodiversity.

Figure 4

3.3

Clear-cutting on Northern part of Armenia

DEFORESTATION IMPACT ON CLIMATE CHANGES AND BIODIVERSITY
Ø

Forests play an important role in the climate system.

They are a major reservoir of carbon, containing some 80% of all the carbon stored in
land vegetation, and about 40% of the carbon residing in soils. Large quantities of carbon may
be emitted into the atmosphere during transitions from one forest type to another because
mortality releases carbon faster than growth absorbs it. Forests also directly affect climate on
the local, regional, and continental scales by influencing ground temperature,
evapo-transpiration, surface roughness, albedo, cloud formation, and precipitation.
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Figure 5

Illegal cutting in Dilijan forest reservoir

The role of forest as carbon sink in the Republic of Armenia is not high in total energy
balance. According to 1985 calculations, 326,600 ha of forest and settlement green belts,
gardens and protection plantations with 29,424,500 ha area have accumulated 373,540 tons dry
material, in which content of carbon constitute 185,130 tons. According to calculations, the
corresponding figurers for next years looks like this: 1995-358,811 tons dry material, in which
carbon content constituted 177,962 tons; 1996 – 356,893 tons dry material and 177,962 tons
carbon.
The analyses within 1985-1996 periods have showed that carbon accumulation didn’t
change considerably, due to annual growth. Emissions from Armenian forests have been
changed due to high levels of forest exploitation. Until 1990s, carbon accumulation was 9-10
times higher than emissions, thanks to planned forest utilization. Since 1994 this proportion has
been decreased to 2.5 as a result of fuel-wood volumes increase and illegal cuttings.
Due to deforestation many forested areas have been totally lost. The species
composition and many valuable trees were physically destroyed and damaged. The aged class
structure and species composition were significantly changed due to deforestation and illegal
activities. These negative events were accelerated by dry climatic conditions. Continuing
dryness of climate and human impact are two inter-related processes, which are highly
responsible for biodiversity loss in the Republic of Armenia.
Loss of forests has a number of effects on biodiversity and natural ecosystems:
•
•

Loss and change of forest habitats;
Increased erosion with loss of tree cover;
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•
•
•

Increased silting and eutrophication of water bodies;
Collapse of natural hydrological systems associated with forests;
Gradual forest succession, as a result of changed water balance (from primary
forest, to secondary growth, to scrubland and eventually to desert).

Evidence of the degradation of forest habitats, and further knock-on effects, are
relatively widespread in Armenia. Such processes are clearly demonstrated in the lake Sevan
basin, where forest degradation has resulted in increased soil erosion, which has in turn
contributed to siltation and euthrophication of the lake and surrounding rivers.
A number of specific forest sites have been identified which needs support and have
global or regional significance. Some of them are:
•
•
•
•

Stands of plane trees (Plantatus orientalis) near the Tzav river valley.
The open woodland and semi-desert ecosystems of Central Armenia, with its
unique and rich associated fauna and flora.
Stands of yew (Taxus baccata) and hazel (Corylus colurna) in the Agstev river
basin and Zangezour.
Rhododendron habitats in sub-alpine regions of the Pambak and Tsaghkunyats
ranges.

The observation data of some meteostations for long-term period were processed for
the estimation of change of temperature and amount of precipitation. The assessment of air
temperature and precipitation changes on the territory of Armenia has shown that during past
years, the temperature have increased and the amount of total annual precipitation, particularly
in summer season, have decreased. The studies have shown that these changes were
observed mostly in the area where the process of deforestation has occurred. (See example on
fig.6 and 7).
Ø

Forests adapt slowly to changing conditions.

Observations, experiments, and models demonstrate that a sustained increase of just
1oC in the global average temperature would affect the functioning and composition of forests. A
typical climate change scenario for the 21st century shows a major impact on the species
composition of one third of the world's existing forests (varying by region from one seventh to
two thirds). Entire forest types may disappear, while new combinations may emerge. Other
stresses caused by warming may include more pests, pathogens, and fires. Because higher
latitudes are expected to warm more than equatorial ones, boreal forests will be more affected
than temperate and tropical forests.

3.4

NEW APPROACHES IN ARMENIAN FORESTRY
Ø

Forestry is an important source of carbon dioxide, methane, and nitrous oxide. The
world's forests contain vast quantities of carbon. Some forests act as "sinks" by
absorbing carbon from the air, while forests whose carbon flows are in balance act
as "reservoirs". At the global level, deforestation and changes in land use make
forests a net source of carbon dioxide. Fortunately, measures and technologies
that are currently available could significantly reduce net emissions from forests in many areas, cut production costs, increase yields, or offer other socio-economic
benefits.
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Forests will need better protection and management

While legally protected reserves have a role, deforestation should also be tackled
through policies that lessen the economic pressures on forestlands.
These pressures may be eased by boosting agricultural productivity, slowing the rate of
population growth, involving local people in sustainable forest management, adopting policies to
ensure that commercial timber is harvested sustainably, and addressing the underlying-socioeconomic and political forces that spur migration into forest areas.
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The carbon stored in trees, vegetation, soils, and durable wood products can be
maximized through "storage management". When secondary forests and degraded lands are
protected, they usually regenerate naturally and start to absorb significant amounts of carbon.
Their soils can hold additional carbon if they are deliberately enriched, for example with
fertilizers, and new trees can be planted. The amount of carbon stored in wood products can be
increased by designing products for the longest possible lifetimes, perhaps even longer than
what is normal for living wood.

3.5

FOREST AND BIODIVERSITY PROTECTION IN THE REPUBLIC OF
ARMENIA

The regeneration of Armenian forests is not organized quite well. Big part of
regeneration work is realized manually, which is work consuming and difficult. Due to dry
climate, planted trees should be irrigated regularly and taken care of very often.
There are several planting stations within the forest enterprises, which were highly
destroyed during these last years, related to energy crises and blockade.
The establishment of the first protected areas in Armenia date back to 1958 when the
first three State Reserves: Khosrov, Dilijan, Shikahogh and several Reservations were created.
Afterwards, Armenian protected areas network had been supplemented by several other State
Reservations and establishment of Lake Sevan National Park in 1978. At present, in Armenia
there are 5 State Reserves, 22 National Reservations, one National Park and one
Preserve-Park Complex. The protected area network of Armenia covers a total area of
approximately 1.416 km2, representing 5 % of the national territory. The distribution of Protected
Areas on the national territory biased towards the conservation of Forests, while other
ecosystems are not as well represented.
The three Forest State Reserves cover approximately 682 km2 or 1.5 % of national
territory. These three reserves are under the responsibility of ‘’Hayantar’’ (Forest Department,
part of MNP).
‘’State Reserves are established to ensure the highest degree of protection to
important habitats and species, Human activity within state reserves is limited to scientific
research’’ (MNP).
According to this statement, Armenian State Reserves should be considered as IUCN
‘’category Ia’’ (IUCN 1994) protected areas. However, the actual situation and management
practices on the ground are not consistent with stated objectives. In many cases, only a small
portion of state reserves have enjoyed a significant degree of protection, while large areas have
been negatively affected by human activity, including exploitation of natural resources, grazing,
industrial development, urban settlements and tourism. This situation applies in particular to
Dilijan State Reserve, where a large settlement and industrial area was developed in the core
zone of protected area, and only a few habitats are still relatively undisturbed. Other human
activities negatively affecting the forests of Dilijan include illegal livestock grazing, collection of
non-timber forest products, and illegal hunting.
Some protected areas are in relatively better conditions, due to the minor (however
present) pressure from human activity along their boundaries. These perhaps include Khosrov
Reserve, a site of high regional conservation importance, where over 50 % of all plant species
in Armenia are conserved.

39

Figure 8

3.6

Plantation in Hrazdan forest enterprise

CONCLUSION

Under conditions of limited forests cover of the territory of the Republic and gradual
reduction of forest cover area under the influence of warming of climate and aridisation, there
could be the following negative consequences on climate and ecosystems:
•
•
•
•

In regions of deforestation, increasing temperature, reduction in the amount of
precipitation and soil moisture content, in the micro- and mezzo- scales can be
observed;
Significant reduction of the moisture-provision (accumulated) role of forest, which
causes reduction of river runoff particularly in the low-water period;
Significant reduction of biodiversity in the areas of deforestation;
Changes in the composition of microorganisms in the soil, the humus layer, the
vegetation formation and in total, the directions of types of soil and their formation;

The influence of deforestation on the macro- climate of the territory is not clear enough,
however the micro- and mezzo-climatic changes will certainly be reflected on the quality of
ecosystems.
The long-term set of meteorological data at some meteostations of Armenia has shown
the increase of air temperature and precipitation reduction in separate regions of the Republic,
some of which are absolutely deprived of forest covering.
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CHAPTER 4
INFLUENCES OF GLOBAL CHANGE ON CARBON SEQUESTRATION
BY AGRICULTURAL AND FOREST SOILS
(Dr. O. Hendrickson - Canada)
EXECUTIVE SUMMARY
Global change - including warmer temperatures, higher CO2 concentrations, increased
nitrogen deposition, and greater frequency of extreme weather events and associated
disturbances - will alter carbon inputs to soil in the form of plant litter, and carbon outputs
associated with decomposition of soil organic matter. Increasing global temperatures will
stimulate both photosynthesis and respiration. Soil carbon turnover rates will increase, but the
net effect on carbon sequestration is difficult to predict.
Land use change is the aspect of global change with the greatest impact on soil carbon
sequestration. Its overall impact is negative at present, involving desertification and erosion
associated with overgrazing and excess fuelwood harvesting, continuing conversion of natural
ecosystems into cropland, and loss of coarse woody debris following harvesting of old-growth
forests. The most direct means to reverse these trends is to reestablish and maintain
permanent vegetation cover, and some important initial steps are being taken in this regard.
Plant roots have a profound but underappreciated role in conserving soil carbon pools.
A high proportion of the most active (labile) soil carbon is found in the rhizosphere, composed of
fine roots and mycorrhizal fungi. Losses of soil carbon following disturbances increase in
proportion to the severity and duration of damage to root systems. Conversely, disturbances
that involve major losses of above-ground carbon pools (e.g., conversion from forest to
pasture), but that quickly reestablish functional root systems, may have little impact on
below-ground carbon pools. Roots also play a key role in limiting episodic losses of soil carbon
associated with wind and water erosion.
Amounts of soil carbon vary widely across the landscape. Decomposition and
respiration are strongly inhibited in areas with continuous high soil moisture levels. Wetlands,
particularly in colder regions of the world, represent extremely important reservoirs of soil
carbon in the form of peat. Studies of wetlands drained and converted to crop agriculture show
that peat carbon will continue to oxidize as long as conditions favorable for aerobic
decomposition are maintained. Carbon losses are lower with partial drainage for afforestation.
The fate of soil carbon in undisturbed peatlands will be more strongly influenced by future
wetting and drying cycles associated with precipitation variability than by changes in mean
temperature and precipitation. Even in the absence of global change, many high-latitude
wetlands will likely reach their maximum carbon storage capacity within the next century.
Unlike above-ground carbon, most below-ground carbon is not composed of living
cells. However, soil carbon is created, destroyed, and maintained by biological processes.
Gaps in our knowledge of soil organisms and their activities limits our understanding of how soil
carbon pools will respond to global change, and limits our ability to use soil carbon
sequestration as an effective climate mitigation tool.
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4.1

INTRODUCTION

The ability of agricultural and forest soils to sequester carbon depends on the balance
between carbon inputs and carbon outputs. Inputs to soil are mainly in the form of plant litter
(roots, leaves, branches, stems) derived from plant photosynthesis. Carbon outputs arise
mainly from the respiratory activity of soil decomposer organisms.
Plant photosynthesis and soil respiration are biological processes. These processes
are physiologically complex and involve competitive interactions among large numbers of
species, especially in native forests. The diversity of soil organisms is particularly large (Swift et
al., 1979). High biodiversity and complex food webs make it challenging to predict how
photosynthesis and respiration will respond to global change.
For example, both
photosynthesis and respiration are stimulated by higher temperatures, making the net carbon
balance in ecosystems affected by global warming uncertain. Predictions of future carbon
stocks are also rendered imprecise by uncertainty about the magnitude and rate of impending
changes in the environment. Various aspects of global change - higher CO2, warmer
temperatures, modified nutrient cycles, and altered disturbance regimes - can each have
negative or positive effects on C pools in terrestrial ecosystems.
Climate variation is a dominant influence on biodiversity in agricultural and forest
ecosystems.
Different genotypes and species show different adaptive responses to
climate-mediated phenomena such as extreme high and low temperatures, droughts, and
episodic plant litter inputs arising from ice storms, fires or windstorms. Our understanding of
how individual genotypes and species respond to climate variation is limited and imperfect.
However, it is also key to predictive models of how different ecosystems will respond to global
change, and to the design of mitigation measures that are appropriate to a particular site.

4.2

THE NATURE OF SOIL CARBON

Carbon stocks in above-ground portions of ecosystems are easier to measure than
below-ground carbon stocks. While above-ground carbon is concentrated in living plants,
below-ground carbon is dispersed in a complex mixture of plant parts, soil animals, fungi, and
bacteria, mostly in various stages of decay. The bulk of soil carbon can be considered
non-living, but it is completely permeated and continuously reprocessed (and excreted as
wastes) by living organisms. Owing to this continuous reprocessing activity, soil carbon is
composed of highly complex biochemical forms with widely varying residence times. In addition
to the activities of soil organisms, erosion (wind and water) and leaching of organic compounds
contributes to their displacement and/or dispersal within the soil.
Soil organic matter can be characterized by its residence, or turnover time, into three
general groupings - inert (recalcitrant), stable (slow release), and labile (active) (Schlesinger,
1986; Smith et al., 1997a; Batjes, 1999). Labile or active soil organic matter largely consists of
recently deposited plant litter (including roots), living and dead soil microorganisms and soil
animals, and their immediate breakdown products. It has a cycling or residence time of
1–10 years. Roots are a particularly important carbon source in many soils (e.g., Balesdent and
Balabane, 1996). Stable soil organic matter consists of polymeric substances formed after
considerable processing of the active pool. These polymers are extremely diverse in
composition (depending on litter sources and soil-forming conditions) and have a residence time
of between 10 and 50 years or more (Baldock and Nelson, 1999). Inert or “recalcitrant” SOM,
which is also diverse in composition, may be stable for up to 500 years. The extent to which
humic substances are stabilized against microbial mineralization largely depends on the type of
bonding with clay minerals (Tate and Theng, 1980). Some forests have large amounts of
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relatively stable organic matter arising from inputs of coarse woody debris (Harmon et al.,
1986), which arrives at the soil surface highly depleted in nutrients owing to internal
retranslocation processes during wood formation.
Well-developed forest soils tend to show a vertical sequence of layers (FAO/ISRIC,
1990) and a progressive decline in carbon concentration with depth (Nakane 1976). At the top
is an organic surface layer or “forest floor” (O horizon) with fresh, undecomposed plant debris
(Oi horizon); semi-decomposed, fragmented organic matter (Oe horizon); and amorphous,
well-humified organic matter largely resulting from the activity of the soil microfauna (Oa
horizon). Below this surface layer is a mineral surface horizon (A); a leached subsurface
mineral horizon (E); a subsurface mineral horizon which often shows accumulation of leached
minerals and/or organic matter (B horizon); a mineral horizon penetrable by roots (C); and
underlying bedrock (R). The E, B, C, and R horizon may be lacking, or the B horizon may be
modified by groundwater or stagnant water.
Agricultural soils associated with rangelands and grasslands often have similar vertical
sequences. However, if they are being cultivated (or have been in the past) they may lack the O
horizon and the A horizon may be mixed with parts of the E and even the B horizon, resulting in
a plow layer (Ap horizon). The B and/or C horizons may have been broken up by deep
cultivation. The soils may have been so degraded by past human actions that can no longer be
cultivated. Such soils may still be classified as agricultural soils and used, for example, for
grazing or non-cropping production. Surface soil has higher total amounts of organic carbon in
forms with short residence times, but there are also significant amounts of long-lived organic
carbon compounds in deeper soil horizons.
Soil carbon is spatially variable at both fine scales (millimeters to meters) and coarse
scales (kilometers). Below-ground carbon stocks vary greatly across the landscape (Sombroek
et al., 1999), and are highly influenced by topography and climate. Deeper soil carbon may
include charcoal from fires and consolidated carbon in the form of iron-humus pans or
concretions. Many soils also contain inorganic carbon in the form of calcium carbonate, which
may represent the dominant pool of soil carbon in arid and semi-arid regions (Schlesinger,
1982).
Of particular importance are wetlands, which generally have low above-ground plant
carbon stocks but significant accumulations of long-lived soil organic carbon as peat. Some
forests and some agricultural areas (e.g., rice paddies) are themselves wetlands. Furthermore,
native wetlands are subject to drainage for afforestation or agricultural development. Hence,
they warrant attention in the context of understanding the influences of global change on carbon
sequestration by forest and agricultural soils.
Carbon flows in above-ground portions of ecosystems are easier to measure than
below-ground carbon flows. Measuring root litter inputs, a major influx of carbon in most forest
and agricultural soils, is a difficult technical challenge. Gaseous carbon efflux from the soil
surface represents a combination of autotrophic respiration of plant roots (plus associated
symbiotic microorganisms) and heterotrophic respiration of soil decomposer organisms (Boone
et al., 1998). There is no satisfactory method to separate autotrophic and heterotrophic
respiration in soils. Leaching of carbon compounds, another potential efflux pathway, varies
greatly in time and space and is also difficult to measure. Post et al. (1999) review the prospects
for monitoring and verifying changes in soil carbon. Meentemeyer et al. (1985), Eswaran et al.
(1993 and Batjes (1999) present estimates of global soil carbon stocks, while Sombroek et al.
(1993) and Bruce et al. (1999) discuss soil carbon sequestration in general terms.

44
Global change models cannot provide detailed predictions of future events at the site
level, yet climate-related disturbances that result in carbon losses are highly localized.
Land use change and other aspects of global change can exhibit either negative or
positive synergistic effects. This is key to understanding the potential for using carbon
sequestration by agricultural and forest soils as a climate mitigation tool. Mitigation measures
have a dual nature. First, they provide insurance that carbon stocks existing at a given site will
be protected. Second, they afford opportunities for carbon stock enhancement. In agriculture,
these two aspects of mitigation can be illustrated by soil conservation (e.g., through use of
cover crops), and rehabilitation of degraded lands (e.g., through planting of multipurpose trees
in an agroforestry system), respectively.
Corresponding examples from forestry are
conservation of primary forests, and reestablishment of forest cover in previously deforested
areas.

4.3

IMPACTS OF GLOBAL CHANGE ON PHOTOSYNTHESIS AND CARBON
INPUTS TO SOIL

4.3.1.

Warmer temperatures will increase plant productivity.

Cold temperatures are the major factor limiting plant growth in higher-latitude
(Antarctic, Arctic, boreal, cool temperate) ecosystems. Rapid warming associated with
increasing atmospheric greenhouse gas concentrations has already been observed in some
high-latitude regions such as continental North America. This is expected to increase crop
yields in high-latitude agricultural zones by virtue of longer growing seasons and CO2
fertilization (e.g., Cantagallo et al., 1997). Global warming is also expected to increase the
growth of existing boreal forests, and to allow the northward spread of forests into areas
currently occupied by tundra. This picture is complicated by the prospect of increased
frequency of insect outbreaks and fires, and by the collapse of forests into sedge- and grassdominated areas in thermokarst areas (areas of permafrost melting and soil subsidence). In
gerneral, stimlulation of plant productivity by warmer temperatures will increase plant litter
inputs to soil, and soil carbon pools.

4.3.2

Precipitation trends and their effects on plant productivity are uncertain

Precipitation trends will affect the ability of plants to respond to global warming.
Although there is a high probability that average precipitation amounts will increase, global
circulation models indicate considerable regional variability in predicted trends. At any given
point on the Earth's surface, there is greater uncertainty about precipitation trends than
temperature trends. For example, some global circulation models predict that warming trends in
the northern interior portions of North America will not be matched by increasing precipitation,
resulting in conversion of boreal forest to grassland across much of the region.

4.3.3

More extreme weather, and associated disturbance events, may decrease
carbon stocks and ecosystem productivity

A higher frequency of droughts, floods, and violent storms will likely have a negative
impact on long-term average carbon stocks, both below- and above-ground. This magnitude of
these negative impacts depends in part on the degree to which management practices
incorporate high levels of biodiversity. For example, grasslands with higher species diversity
maintain higher overall levels of ecosystem productivity, and this advantage increases during
droughts. Longer and more severe droughts increase the probability of episodic disturbance
events such as dust storms or severe fires.
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Changes in weather are inherently abrupt, even at hourly and daily time scales, and
ecosystems respond to these changes in complex and non-linear fashion. Both soil organisms
and plants are highly responsive to wetting and drying cycles. A prolonged drought, followed by
a precipitation event, and then by warm and drier conditions, will trigger rapid decay of labile soil
organic matter, spurring a bout of competition between soil microorganisms and plant roots for
newly-available nutrients (Griffiths and Birch 1961).
Disturbance events in forests have several impacts on the carbon budget (Apps and
Kurz, 1993). First, they redistribute the existing carbon by transferring carbon from living
material, above and below ground, to non-living organic matter pools, mostly near the soil
surface. Second, disturbances transfer carbon out of the ecosystem (e.g., into the atmosphere
as combustion products, in the case of fire). Third, disturbances change the species
composition and micro-environment of the site, resetting vegetation succession and carbon
uptake rates. Pre-disturbance species composition has a great impact on post-disturbance
recovery, including the fate of soil organic matter pools. Post-harvest aspen stands retain
extensive root networks capable of rapid nutrient uptake and resprouting of above-ground
tissues (Hendrickson et al., 1989). Retention of intact root systems minimizes mineralization of
soil organic matter pools (Hendrickson and Robinson, 1984).
Major disturbances in forests include forest fires, ice storms, harvesting,
wind-throw, landslides, and severe insect and disease outbreaks. These all have the potential
cause large pulses of CO2 to be released into the atmosphere - either through direct oxidation of
organic matter, or through death and subsequent decomposition of once-living tissues.
Stand-replacing disturbances such as crown fires are associated with the sudden death of large
cohorts of trees near one another (Pickett and White, 1985; Kurz et al., 1995a, 1995b; Kurz and
Apps, 1999). Other disturbance agents, such as pollution and some insect and disease
outbreaks, may result in widespread productivity decline but only local mortality (Hall and
Moody, 1994). Other factors being equal, during periods of reduced disturbance (e.g., with
increasing fire suppression effort), C stocks tend to increase as biomass accumulates and litter
production increases: forests act as a sink for atmospheric C (Bhatti et al., 2001).
Croplands and pastures are also exposed to fires, biomass removal, and outbreaks of
insects and diseases. However, lower above-ground carbon stocks in these systems make
these disturbances less significant in terms of CO2 losses.
Desertification and
erosion - associated with droughts, high winds and intense rain events (Valentin, 1996; Gregory
et al., 1999) - are more serious threats in these systems. They cause significant losses of soil
carbon, reducing the productive capacity of agricultural systems and their long-term carbon
storage capacity (Lal et al., 1999). Some of this carbon may simply be redeposited elsewhere
as opposed to being released to the atmosphere (Lal 1995; van Noordwijk et al., 1997; Lal et
al., 1998; Stallard, 1998).
In recognition of the negative impacts of desertification and erosion, the Third
Assessment Report of IPCC Working Group III (IPCC, 2001b) places considerable emphasis on
both soil conservation measures and rehabilitation of severely degraded lands (those where
past management activities have caused a drastic decline or disruption of productivity).
Degradation is widespread in areas previously used for agriculture, but then abandoned after
excessive erosion, over-grazing, desertification, or salinization (Oldeman, 1994; Lal and Bruce,
1999). Approximately 23% of the world's agricultural land, permanent pastures, forests, and
woodland have been degraded (as defined by the United Nations Environment Programme)
since the end of World War II (Oldeman et al., 1991). There is considerable scope for rebuilding
carbon stocks on these lands (e.g., Dormaar and Smoliak, 1985; Lal et al., 1999). Where
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degradation was caused by social and economic pressures, land rehabilitation may depend on
the amelioration of the underlying causes of degradation.

4.3.4

Higher carbon dioxide levels will increase plant productivity

Increasing CO2 levels will increase plant productivity (Eamus and Jarvis, 1989;
Ceulemans and Mousseau, 1994; Hättenschwiler et al., 1997), and thereby enhance the
amount of C added to soils (Schimel, 1995; Woodwell et al., 1998). This is partly a direct effect
on photosynthesis (Medlyn et al., 1999) and partly the result of higher water use efficiency
(WUE). Plant stomates open less to acquire the same amount of CO2, and water losses are
reduced. Photosynthesis will saturate at a particular CO2 level, which varies with the type of
plant photosynthetic metabolism. Plants (e.g. grasses) with a C4 metabolism are adapted to
maximize photosynthesis at current atmospheric CO2 levels. They will respond to further
increases in CO2 mainly through increased WUE, whereas C3 plants will benefit both directly
from increased CO2 and from increased WUE.
There has been considerable attention to the need to "filter out" the CO2 fertilization
effect when counting measures eligible for carbon credits under the Kyoto Protocol. At current
rates of increase of CO2 in the atmosphere, van Ginkel et al. (1999) estimate the magnitude of
this effect at 0.036 t C ha-1 yr-1 in temperate grassland, even after the effect of rising
temperature on decomposition is deducted. However, as data from experiments with in-situ
field CO2 enrichment studies become available, results suggest that the gains in productivity
may be smaller than previous estimates (Walker et al., 1999), owing in part to limitations of soil
nutrient availability (Oren et al., 2001). Conversely, there is considerable evidence that plants
grown at high nutrient supply respond more strongly to elevated CO2 than nutrient-stressed
plants (Poorter, 1998).

4.3.5

Higher nitrogen inputs may increase ecosystem productivity

Manufacture of nitrogen (N) fertilizers (e.g., ammonia production from N2 gas and
methane via the Haber process) and the oxidation of N2 gas to N oxides (associated with high
temperatures of fossil fuel combustion) has a doubled annual inputs of plant-available N - a
massive change in the global N budget. Increasing N deposition increases plant productivity on
many sites where nitrogen is a limiting nutrient (Schindler and Bayley, 1993; Vitousek et al.,
1997). As a general rule, soil N supply is often limiting in temperate and boreal forests and
grasslands, while plant growth in tropical regions is limited by other elements.
Where plant growth is now limited by nitrogen deficiencies, increased atmospheric N
deposition and applications of fertilizer N may accelerate plant growth. This tends to increase
plant litter inputs and enhance the carbon stock of the soil (Wedin and Tilman, 1996).
Nadelhoffer et al. (1999) caution, however, that the global impact of N deposition may be
comparatively small. Nitrogen saturation - the inability of ecosystems to retain added N - is
increasingly common. Moreover, while N fertilization may increase growth, as in N-deficient
northern forests, it may also delay the hardening-off process, resulting in increased winter
damage, and thus negating some of the growth enhancement (Makipaa et al., 1999).
While increased nitrogen inputs stimulate growth in some regions, they may aggravate
shortages of other essential nutrients. Increased emissions of N oxides are a major contributor
to acid loads in precipitation. Leaching of the highly mobile, negatively-charged nitrate anion is
accompanied by increased loss of metal cations such as magnesium, calcium and potassium.
Losses of these essential mineral nutrients from plant canopies and soil can reduce ecosystem
productivity and partly offset gains owing to increased N availability.
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4.3.6

Other atmospheric pollutants tend to reduce ecosystem productivity

Sulfur oxides released during combustion of fossil fuels - especially coal - are the major
contributor to human-derived acid loading in many regions (Fowler et al.,1989). While sulfur is
an essential plant nutrient, pollutant loads in some regions vastly exceed plant demand and
may in some cases reach levels that are directly toxic to plants. In addition to direct toxic
effects, leaching of the sulfate anion is accompanied by loss of essential mineral nutrients from
plant canopies and soils (Last and Watling, 1991).
Ground-level ozone is a serious and widespread pollutant. Current levels are high
enough to reduce plant productivity in many industrialized parts of the world. For example,
increased surface ozone concentrations may have caused grain yields to decline by 20% in
some parts of Europe (Semenov et al., 1997). Recent research has shown that higher CO2
levels can compensate for ozone damage. In cotton, higher CO2 compensates for growth
suppression resulting from elevated O3 levels (Heagle et al., 1999). With wheat, elevated CO2
fully protects against the detrimental effects of O3 on biomass but not grain yield (McKee et al.,
1997). Similar results have been reported with soybean (Fiscus et al., 1997).
Substances such as methyl bromide and chlorofluorocarbons that deplete the
stratospheric ozone layer may be having an indirect negative effect on ecosystem productivity,
owing to the increased levels of ultraviolet (UV-B) radiation reaching the Earth's surface.
Elevated CO2 and temperature may compensate for growth losses. Growing seedlings of
sunflower and maize at a 4°C higher daily maximum temperature, with or without higher CO2,
compensates for losses from enhanced UV-B (Mark and Tevini, 1997). Yield increases with
elevated CO2 are suppressed by UV-B more in cereals than in soybean; rice also loses its
CO2-enhanced water use efficiency (Teramura et al., 1990). However, Unsworth and Hogsett
(1996) assert that many research studies from the preceding decade used unrealistic UV-B
exposures, and they conclude that UV-B does not pose a threat to crops alone or in
combination with other stressors.

4.3.7

Land use change is reducing plant and soil carbon stocks, but significant
potential exists to reverse this trend

Land use change is in itself a component of global change. This has been the subject
of an entire IPCC special report, "Land Use, Land Use Change and Forestry". Carbon stock
enhancement in forests and agricultural areas to mitigate climate change is also discussed in
detail in the Third Assessment Reports of IPCC Working Group II (IPCC 2001a, Chapter 5) and
IPCC Working Group III (IPCC 2001b, Chapter 4).
Increasing global populations have increased the pace of land use change in recent
decades. Greenhouse gas emissions resulting from land use change remain high, although the
rapid increase in fossil fuel use has meant that the proportion of total human-induced
greenhouse gas emissions attributable to land use change has fallen (Houghton et al., 1983).
Overall, land use change accounts for roughly 20% of the global warming attributable to
increasing atmospheric greenhouse gases. Land use change includes conversion of forests to
agricultural, industrial and urban uses; cultivation of native grasslands, conversion of primary
forests to secondary forests and plantations; flooding of native ecosystems by construction of
dams and reservoirs; drainage of wetlands; loss of hedgerows, riparian vegetation, and
scattered trees due to agricultural intensification; and fragmentation of ecosystems by linear
corridors for pipelines, power lines, highways, etc.

48
Among these land use changes, conversion of natural ecosystems to agricultural
croplands makes the largest single contribution to greenhouse gas emissions. Such disruptions
typically result in a large reduction of vegetation biomass and a loss of about 30% of the carbon
in the surface 1 meter of soil (Mann, 1986; Davidson and Ackermann, 1993; Anderson, 1995;
Houghton, 1995a; Kolchugina et al., 1995). Globally, conversion to arable agriculture has
resulted in losses of about 50 Gt of C from soils (Harrison et al., 1993; Scharpenseel and
Becker-Heidmann, 1994; Houghton, 1995a; Cole et al., 1996; Paustian et al., 2000). Total
emissions of C from land use change, including that from biomass loss, have amounted to
about 122 ± 40 Gt C (Houghton, 1995b; Schimel, 1995).

4.4

IMPACTS OF GLOBAL CHANGE ON SOIL RESPIRATION AND CARBON
OUTPUTS FROM SOIL

4.4.1

Warmer temperatures will increase soil respiration

Warmer temperatures are a strong stimulus for soil respiration (Schimel, 1995;
Townsend and Rastetter, 1996; Trumbore et al., 1996; Woodwell et al., 1998). Warming
increases litter turnover rates and may accelerate decomposition of carbon already stored in
soils (Jenkinson, 1991; MacDonald et al., 1999; Niklinska et al., 1999; Scholes et al., 1999).
Failure to account for the decay resistance of "older" soil carbon with long residence times can
lead to an overestimate of this global warming effect (Liski et al., 1998; 1999; Giardina and
Ryan, 2000).
The consensus of the scientific community is that increasing carbon losses via
respiration will be a major factor in diminishing the strength of existing terrestrial C sinks over
time (Bolin et al., 2000; Prentice et al., 2001). The balance between photosynthesis and
respiration (the "P/R ratio", in ecology) determines whether total ecosystem carbon stocks
increase or decrease.
Organic matter decomposition tends to be more responsive to temperature than
photosynthesis, especially at low temperatures (Kirschbaum, 2000). Global circulation models
predict greater increases in minimum than maximum temperatures, so the balance of
respiration and production in winter may be significantly affected. Warming in winter will tend to
stimulate respiration (carbon loss) more than plant production (carbon gain), resulting in a loss
of soil carbon. Significant decomposition activity occurs at low temperatures in northern
regions, even under snow cover (Coxson and Parkinson, 1987; Sommerfield et al., 1993). A
major flush of soil respiration occurs after leaf abscission in the fall, and often as well in spring,
while soils remain frozen and above-ground tissues remain dormant. Trends towards higher
maximum temperatures in summer may also influence the P/R ratio, as the upper threshold
temperature for stimulus of plant photosynthesis is lower than for soil respiration.

4.4.2

Precipitation trends and their effects on soil carbon turnover are uncertain

While there is consideration uncertainty about how climate change will affect regional
precipitation trends, overall predictions are for increasing precipitation. There may be regions
where increases in precipitation do not keep pace with temperature-driven increases in potential
evapo-transpiration (PET). In this context it is worth noting that soil respiration continues at
lower moisture potentials than does photosynthesis. Fungi, for example, are capable of
continued metabolic activity under relatively dry conditions when plant root activity is adversely
affected (Griffin 1969). Hence, if significant drying occurs, soil carbon stocks will likely
decrease.
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Other regions may experience precipitation increases that outpace PET. When soil is
at or above its moisture holding capacity, soil respiration falls off rapidly (Hendrickson, 1985), as
evidenced by peat accumulations in wetlands. Soil respiration is highly stimulated by wetting
and drying (Griffiths and Birch, 1961), and future changes in frequency and intensity of
precipitation may have more importance for the fate of soil carbon stocks than trends in mean
annual precipitation.

4.4.3

Effects of higher carbon dioxide levels on decomposition rates are
uncertain

Plants grown under elevated CO2 generally increase the allocation of photosynthates
to roots (Rogers et al., 1996; Murray, 1997), which increases the capacity and/or activity of
belowground carbon sinks (Rogers et al., 1994; Canadell et al., 1996; Körner, 1996), enhancing
root turnover (Pregitzer et al., 1995; Loiseau and Soussana, 1999a; b), rhizodeposition (Cardon,
1996), and mycorrhizal development (Dhillion et al., 1996) in some but not all systems. Some
measurements also have shown an increase in soil N cycling in response to short-term
enrichment in CO2 (Hungate et al., 1997), although other studies have shown either no
detectable change (Prior et al., 1997) or a reduction in soil N mineralization (Loiseau and
Soussana, 2001). The relationships between C and N turnover in soils after exposure to
elevated CO2 are not fully understood.
Higher CO2 concentrations may suppress decomposition of stored C, because C/N
ratios in residues may increase (Torbert et al., 1995; Henning et al., 1996), and because more
C may be allocated below ground (Owensby, 1993; Morgan et al., 1994; Van Ginkel et al.,
1996; Torbert et al., 1997). This may lead to an increment in ecosystem carbon stocks in
croplands similar to that observed in fertile grasslands (Casella and Soussana, 1997; Loiseau
and Soussana, 1999a). Reduced decomposition associated with lower litter quality caused by
CO2 fertilization may offset the expected temperature-induced increase in decomposition
(Moore et al., 1999). However, other studies (Newton et al., 1996; Ross et al., 1996, Hungate et
al., 1997) suggest higher carbon turnover rather than a net increase in soil carbon under
elevated CO2. In a free air CO2 enrichment study of forest plots, Schlesinger and Lichter (2001)
observed fast turnover of litter C and absence of mineral soil C accumulation, suggesting that
significant long-term net C sequestration in forest soils is unlikely. Predicting the long-term
influence of elevated CO2 concentrations on the C stocks of ecosystems remains a research
challenge (Bolin et al., 2000; Prentice et al., 2001).
Other things being equal, increasing CO2 levels by themselves tend to inhibit the
activity of decomposer organisms. Owing to slow diffusion of gases in many soils, CO2 levels in
soil already tend to exceed CO2 levels in the atmosphere many-fold. It may therefore be difficult
to detect any inhibitory effects directly attributable to increased atmospheric CO2 levels.

4.4.4.

Higher nitrogen inputs may increase soil carbon storage

As discussed earlier, where plant growth is now limited by nitrogen (N) supply,
increased deposition of N will likely increases plant growth. This will in turn tend to enhance the
carbon stock of the soil (Wedin and Tilman, 1996).
Assuming a typical
C:N ratio of 15:1 in surface organic horizons, a soil receiving an increment of 10 kg
ha-1 yr-1 of N (a typical pollutant load) could in theory sequester up to 0.15 t ha-1 yr-1 of
carbon. This requires the rather unrealistic assumption that none of the nitrogen is lost from the
site or incorporated in above-ground plant biomass.
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Nitrogen additions to soil tend to result in increased microbial biomass, and are not a
direct stimulus to soil respiration in the short term (Hendrickson, 1985). However, microbial
biomass is a labile soil carbon pool, and the processes by which it is converted into forms with
longer residence times are complex and poorly understood. A related issue is the degree to
which N-induced soil carbon gains may be reversed if N inputs (e.g., cessation of fertilization,
replacement of N-fixing legumes with non-fixing species, reduction of nitrogen oxides as
pollutant inputs) subsequently decline.
Owing to continuing elevated anthropogenic N inputs (global N inputs are now twice
natural background), the potential for carbon accumulation owing to N fertilization is steadily
declining. While productivity in many ecosystems currently responds to N inputs, continuing
N additions shorten the time until other factors become limiting. The phenomenon of nitrogen
saturation, manifested by leaching of excess nitrogen inputs in forms such nitrate, is becoming
increasingly widespread in natural forests and grasslands in the Northern Hemisphere.

4.4.5

More frequent extreme weather events may increase desertification and
soil erosion, and reduce soil carbon storage

Desertification should not be thought of as a process wholly controlled by water inputs
in precipitation. In addition to climatic factors, it is influenced by unsustainable land use (such
as overgrazing or over-harvesting of fuelwood), physiological responses of vegetation to
climatic variation, and by changes in soil physical properties that influence infiltration and
erosion. The higher frequencies of extreme weather events (drought, intense rainstorms, high
winds) predicted by climate models are likely to act in concert with these other factors to worsen
the problem of desertification (Bullock and Le Houérou, 1996; Gitay and Noble, 1996; Canziani
and Diaz, 1998).
Erosion control practices play a key role by preventing losses of sequestered carbon
during windstorms (often combined with drought), intense rains, and floods. Calculating soil
carbon losses associated with erosion (or gains associated with erosion control practices) is
very difficult. Lal and Bruce (1999) estimate that total soil organic carbon displaced by erosion
annually is approximately 0.5 Gt, of which 20 percent may be emitted into the atmosphere (the
remainder is re-located on the landscape). Preventing wind erosion is a particularly serious
challenge. Use of soil conservation measures in the Loess Plateau region of China by was
estimated to prevent 10.6 billion t of soil loss in 1995 alone (Nie, 1996; cited in IPCC, 2000,
Section 4.4.2.3).
In arid and semi-arid regions, where loss of woody plant cover is advancing (Kharin,
1996) and leading to carbon loss (Duan et al., 1995), afforestation and proper management of
existing secondary forests can help combat desertification (Cony, 1995; Kuliev, 1996).
Afforestation of desertified lands may be limited, however, by costs and insufficient knowledge
of ecology, genetics, and physiology (Cony, 1995). In relatively arid regions, fuelwood
plantations may reduce pressure on natural woodlands, thereby retarding deforestation
(Kanowski et al., 1992). By reducing runoff, forests control erosion and salinity, and reduce
mudslides, maintaining sites in a productive state.
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4.5

LAND USE CHANGE IMPACTS ON SOIL CARBON VARY ACCORDING TO
SPECIFIC MANAGEMENT PRACTICES IN CROPLANDS, GRAZING LANDS,
WETLANDS AND FORESTS

4.5.1

General concepts regarding land use change and soil carbon

Land use change, which is part of global change, plays a key role in carbon
sequestration. Deforestation and conversion of forests to agriculture or other land uses reduces
soil carbon levels and represents a major global source of greenhouse gases; (e.g., Balesdent
et al., 1998); however, losses may be transient if permanent vegetation cover such as pasture
grasses is restored (Lugo et al., 1986; Cerri et al., 1991; Brown and Lugo, 1993). Afforestation
and conversion from row crop agriculture to forages or agroforestry systems increase soil
carbon levels.
Most of the soil C losses occur within a few years or decades of forest conversion, so
that in temperate zones, where there is little expansion of agricultural lands now, losses of C
have largely abated (Cole et al., 1993; Anderson, 1995; Janzen et al., 1998; Larionova et al.,
1998). Tropical areas, however, remain an important source of CO2 because of widespread
clearing of new lands and reduced duration of “fallow” periods in shifting agriculture systems
(Paustian et al., 1997b; Scholes and van Breemen, 1997; Woomer et al., 1997; Mosier, 1998).
There is considerable scope for land use changes that enhance soil carbon
sequestration. In the past, land management has often resulted in reduced C pools, but in many
regions like Western Europe, C pools have now stabilized and are recovering. In most countries
in temperate and boreal regions, forests are expanding, although current C pools are still
smaller than those in pre-industrial or pre-historic times. While complete recovery of pre-historic
C pools is unlikely, there is potential for substantial increases in carbon stocks. Most of the
world’s agricultural soils have not reached saturation of their carbon stocks; therefore, most are
potential carbon sinks (Kern and Johnson, 1993; Donigian et al., 1995). Rebuilding terrestrial
carbon stocks to help offset fossil fuel emissions is a major focus of Article 3.4 of the Kyoto
Protocol, and the special IPCC report on Land Use, Land Use Change and Forestry (IPCC
2000).
As the carbon reservoir is depleted or enhanced by some change in an ecosystem, it
tends to approach a threshold - some minimum or maximum level (Odum, 1969; Johnson,
1995). Thus, an ecosystem with a large carbon pool may have a high potential for carbon loss,
while one depleted of carbon by past events may have a high potential rate of carbon
accumulation. As ecosystems approach their maximum carbon pool, the sink strength (i.e., the
rate of increase of the pool) will diminish. Eventually, soil C storage will reach a new equilibrium
where C gains equal C losses (Paustian et al., 2000). Although both the sequestration rate and
pool of carbon may be relatively high at some stages, they cannot be maximized
simultaneously.
Consequently, additional carbon storage in response to any management shift is of
limited magnitude and duration (Greenland, 1995; Scholes, 1999). Rates of carbon gain often
are highest in the first few decades after adoption of carbon-sequestering land use and
management practices (Dumanski et al., 1998; IGBP, 1998; Smith et al., 1998).
Impacts of land use change on soil carbon sequestration must be addressed in the
context of specific agricultural and forestry practices. For example, harvesting timber in
secondary forests may lead to small gains in soil carbon if harvest residues are deposited on
site. However, "whole-tree harvesting" (tree removal and chipping off-site) followed by "site
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preparation" (mechanical disturbance of soil in preparation for tree planting) increases soil
carbon losses.

4.5.2

Cropland management and soil carbon

The conversion of natural systems to cultivated agriculture results in losses of soil
organic carbon on the order of 20–50 percent from the pre-cultivation stocks in the surface 1 m
(Davidson and Ackerman, 1993; Cole et al., 1997; Paustian, et al., 1997a; 1998; Lal and Bruce,
1999). Loss rates are fastest immediately after cultivation begins, and gradually decline until
soil carbon reaches a new plateau after several decades (Díaz-Raviña et al., 1997; Lal et al.,
1998).
Conversely, when cropland management practices change in such a way as to
promote carbon sequestration, gains are fastest initially and decline as a maximum threshold is
approached. In calculating net carbon changes, samples must be taken from the lower soil
profile because accumulations of carbon in surface horizons may be balanced by losses of
carbon at depth (Powlson and Jenkinson, 1981; Ismail et al., 1994; McCarty et al., 1998).
The broad category of cropland management includes practices such as conservation
tillage, improved fertilization and irrigation water management, and use of cover crops.
Conservation tillage systems were originally developed to address water quality, soil erosion,
and soil nutrient retention issues, but they also lead to higher soil carbon and increased
efficiency of fossil fuel use (Lal, 1989; 1997; Blevins and Frye, 1993; Kern and Johnson, 1993;
Dalal and Mayer, 1996).
Increased use of cover crops can lead to significant soil carbon sequestration. In the
Canadian prairies, for example, conversion of "bare fallow" (fallow with no vegetation cover) to
forages results in initial carbon gains in the top 30 cm of soil of 0.48–0.76 t C ha-1 yr-1;
conversion to cereal crops yields lower initial gains of 0.17–0.52 t C ha-1 yr-1 (Dumanski et al.,
1998). Cover cropping provides environmental benefits similar to conservation tillage, including
reduced soil erosion and surface water runoff. Carbon sequestration from the use of cover
crops plus conservation tillage is greater than that from conservation tillage alone (Donigian et
al., 1995; Grant et al., 1997; Paustian et al., 1997b; Buyanovsky and Wagner, 1998). Creating
permanent cover, or "set-asides", further reduces soil disturbance and allocates more carbon
below ground (Barker et al., 1995; Cole et al., 1997; Feller and Beare, 1997; Grace et al., 1997;
Paustian et al., 1997b; Smith et al., 1997b; 1998; Carter et al., 1998; Huggins et al., 1998).
Estimated carbon gains with improved cropland management practices depend on
continued use of these practices. Increased carbon pools from management of terrestrial
ecosystems can only partially offset fossil fuel emissions. Moreover, larger C stocks may pose a
risk
for
higher
carbon
dioxide
emissions
in
the
future,
if
the
C-conserving practices are discontinued. For example, reverting to intensive tillage in
agriculture may result in rapid loss of at least part of the C accumulated during previous years
(Dick et al. 1998; Lindstrom et al., 1999; Stockfisch et al., 1999).
Some management practices that enhance carbon sequestration may increase fluxes
of non- CO2 greenhouse gases - notably N2O and CH4. This is true of fertilizer applications,
irrigation, and management of rice paddies.
Fertilization with nitrogen (N) creates a potential to sequester significant amounts of
soil organic matter. For example, assuming that humus is formed at a C:N ratio of 15:1 (e.g.,
Melillo, 1996), adding one part of N could sequester as much as 15 parts of C. However, this
makes several unrealistic assumptions: no leaching, no gaseous losses, no harvest removals.
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Furthermore, about 1.2 ton of carbon is oxidized and released as CO2 in the process of
manufacturing, distributing, and applying 1 ton of N fertilizer (Schlesinger, 2000).
Added fertilizer N is susceptible to gaseous loss via microbial denitrification, particularly
if fertilization is accompanied by irrigation, which creates anaerobic microhabitats suitable for
denitrifying bacteria. Denitrification can lead to release of either N2 or N2O as gaseous end
products. If significant N2O releases occur they can negate the benefits of sequestering carbon
in soil, as N2O has 130 times the global warming potential of CO2 on a mass basis.
When arid or semi-arid soils are brought under irrigation, increased organic matter
input from roots and crop residues may increase soil carbon stocks (Leuking and Schepers,
1985). Estimates of carbon gains range from 0.05–0.15 t C ha-1 yr-1, with a modal rate of 0.10 t
C ha-1 yr-1 (Lal et al., 1998). However, expansion of irrigation may lead to higher fossil fuel use,
and soil carbon gains may be partially offset by associated N2O emissions (Schlesinger, 1999;
2000).
Agroforestry - the introduction of multi-purpose trees into food production systems - is
recognized as having a considerable potential to increase soil carbon sequestration, particularly
in tropical regions (Huxley, 1999). Overall, agroforestry can sequester carbon at time-averaged
rates of 0.2–3.1 t C ha-1 (IPCC, 2000, Section 4.4.4). As with other management practices,
there is an upper limit to the additional carbon that can be sequestered. In temperate regions,
the maximum potential carbon storage with agroforestry ranges from 15-198 t C ha-1 (Dixon et
al., 1994), with a modal value of 34 t C ha-1 (Dixon et al., 1993). Agroforestry represents a more
stable and sustainable production system, providing increased social and environmental
benefits for local communities, as well as diversification of economic opportunities (Sanchez,
1995; Leakey, 1996; Fay et al., 1998). Trees in agroforestry systems improve soil productivity
through maintenance of soil physical properties such as porosity and infiltration, fixation of
nitrogen, extraction of nutrients from deep soil horizons, and promotion of more closed nutrient
cycling (Young, 1997). These benefits, and appropriate enabling policies, are key to ensuring
that carbon gains are sustained, and that reversion to crop monocultures does not occur (Izac
and Sanchez, 2000).

4.5.3

Grazing lands management and soil carbon

Grazing lands - which include grassland, pasture, rangeland, shrubland, savanna, and
arid grasslands - occupy 1,900 to 4,400 Mha, depending on definitions (Ojima et al., 1993a). A
recent global estimate places the area of grazing lands at 3,200 Mha (FAO/UNEP 1999).
Grazing lands contain 10–30 percent of the world’s soil carbon (Anderson, 1991; Eswaran et al.,
1993)—including approximately 200–420 Gt organic C (Ojima et al., 1993a; Scurlock and Hall,
1998; Batjes, 1999) and 470–550 Gt of carbonate C to a depth of 1 m (Batjes, 1999). These
soil C pools will be affected by climate change and increasing CO2 concentrations (Ojima et al.,
1993b) as well as by changing land use practices.
Available means for increasing carbon sequestration in grazing lands include
introduction of improved species and legumes, reducing grazing pressure by livestock, fire
management, fertilization, irrigation, and conservation reserves (or "set-asides").
The
introduction of N-fixing legumes increases productivity, thereby enhancing soil C storage (Fisher
et al., 1997; Conant et al., 2001). Large increases in soil C have been also reported from the
introduction of deep-rooted grasses in South American savannas (e.g., Fisher et al., 1994),
though the area over which these findings apply is still uncertain (Davidson et al., 1995).
Numerous studies have shown benefits of better management of grazing intensity and
frequency (Manley et al., 1995; Ash et al., 1996; Burke et al., 1997; 1998); however, grazing
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has less negative impact on soil C than tillage (Kelly et al., 1996). Fire control is also an option
for increasing soil C in pastures (Burke et al., 1997). Fertilization and irrigation are also options
for increasing productivity of grazing lands. Growth responses to phosphorus additions (Barrett
and Gifford, 1999) are common, especially in tropical areas. Nitrogen fertilization can result in
large growth responses, as well as increased biomass and soil carbon pools (e.g., Schwab et
al., 1990; Haynes and Williams, 1992; Huggins et al., 1998; Schnabel et al., 2000). This effect
will increase if legumes are introduced in conjunction with fertilizers (Barrow, 1969). Although
response to increased fertility is generally greater where grazing is either reduced or removed
(Cameron and Ross, 1996; McIntosh et al., 1997), normal management practice is to increase
the harvesting intensity of the additional biomass produced (e.g., Winter et al., 1989), potentially
leading to little change in carbon stocks. Fertilization and irrigation also have certain
disadvantages - they entail significant fossil fuel consumption, tend to increase releases of
non-CO2 greenhouse gases (nitrous oxide, methane), and may result in salinization or nutrient
leaching problems (IPCC, 2000, Table 4.6).
Protection of previously over-grazed lands and reversion of cultivated lands to
perennial grasslands (e.g., in “set-aside” programs) generally increases aboveground and
below-ground carbon. The rate of carbon sequestration is fastest initially, and then declines
with time over a period of 50 years (McConnell and Quinn, 1988) or longer (Burke et al., 1995).
Additional carbon sinks may be available if afforestation is promoted in such lands (Burke et al.,
1995).
If one considers only the soil component, converting forests or poorly managed
pastures to well-managed pastures could increase carbon storage in Amazonian soils (e.g.,
Cerri et al., 1996; Batjes and Sombroek, 1997). Forest conversion, however, leads to losses of
carbon from above-ground biomass that more than offsets any gains in the top 30 cm of soil
(Neill et al., 1997). The same consideration applies to the question of whether conversion of
natural savannas to improved pastures increases carbon stocks (Fisher et al., 1994; 1995) or
decreases them (Nepstad et al., 1995).
There is some evidence that even within the soil sphere, pasture management in
Amazonia may result in substantial losses of soil carbon (Fearnside and Barbosa, 1998). If
deep soil layers (below 1-m depth) are included in analyses and a long time horizon is
considered, conversion of forests to pasture can result in large emissions of soil carbon even if
the stock in the surface soil has increased. This is because trees have much deeper roots than
pasture grasses: Some tree roots penetrate more than 8 m (Nepstad et al., 1994). Roots supply
carbon to the soil through exudates and root death (turnover). When deep-rooted trees are
removed, the soil-carbon equilibrium in the deep soil shifts to a lower level over a period of
decades (Trumbore et al., 1995).
The question of whether subsidies for improved pasture management in Amazonia will
result in carbon benefits is an interesting one. It illustrates the problem of "leakage": gains in
carbon sequestration via activities proposed for one sector may be offset by carbon losses in
another sector (IPPC, 2001, Chapter 4). Faminow (1998) suggests that ranchers who switch to
improved pasture management will slow their rates of forest clearance, but evidence reviewed
by Fearnside (1999) indicates that increased capital supply to ranchers (from subsidies and
from more profitable pastures) would have the opposite effect on deforestation.

4.5.4

Wetlands management and soil carbon

Wetlands contain an estimated 20–25 percent of the world’s soil carbon in the form of
peat (Gorham, 1995), despite occupying only about 5 percent of the Earth’s land area
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(Matthews and Fung, 1987; Aselmann and Crutzen, 1989). Most of the wetland area is in boreal
and temperate regions; roughly 10–30 percent is in the tropics. Peat accumulations are found
where water-saturated conditions limit oxygen penetration and limit aerobic soil respiration to a
thin surface layer. Rates of carbon accumulation in peats vary with age (Armentano and
Menges, 1986; Tolonen and Turunen, 1996) but eventually reach equilibrium when inputs equal
losses (Clymo, 1984).
Wetlands represent a major global carbon reservoir. They are also the dominant global
source of methane, the second most important greenhouse gas after carbon dioxide. The range
of CH4 emissions from freshwater wetlands ranges from 7 to 40 g CH4 m-2 yr-1; carbon
accumulation rates range from small losses up to 0.35 t C ha-1 yr-1 of storage (Gorham, 1995;
Tolonen and Turunen, 1996; Bergkamp and Orlando, 1999). Using a Global Warming Potential
(GWP) of 21 for CH4, emissions of ~1.7 g CH4 m-2 yr-1 will offset a CO2 sink equivalent to a 0.1
t C ha-1 yr-1 accumulation of organic matter (IPCC, 2000, Section 4.4.6). Most freshwater
wetlands therefore are small net greenhouse gas sources to the atmosphere. However, some
upland forested wetlands are sinks for CH4, and hence represent important net greenhouse gas
sinks (Moosavi and Crill, 1997).
The influence of climate change on wetlands is an important consideration, raising
fears about a possible "runaway" greenhouse effect. Wetlands are vulnerable to future climate
change (IPCC 1996, Chapter 6). Increased decomposition rates in warmer temperatures if
associated with drier conditions may lead to large carbon losses to the atmosphere (both CO2
and CH4), particularly from northern peatlands (Gorham, 1995). Predicted regional trends in
precipitation are uncertain, but significant decreases or increases may cause loss or new
growth of wetlands, respectively.
Much is known about the effects of lowered water levels on the carbon balance of
northern peatlands, based on studies in areas partially drained for forestry (Glenn et al., 1993;
Roulet et al., 1993; Laine et al., 1995; Martikainen et al., 1995; Minkkinen and Laine, 1998).
These studies may be used to predict climate change impacts, in so far as drainage affects
wetland structure and functioning in a manner similar to that predicted for climate
change-induced drying (Laine et al., 1996). In most drainage studies, primary production and
biomass increased (Laiho and Finér, 1996; Laiho and Laine, 1997; Sharitz and Gresham,
1998), litter production increased (Laiho and Finér, 1996; Laiho and Laine, 1997; Finér and
Laine, 1998), and litter was more resistant to decomposition (Meentemeyer, 1984; Berg et al.,
1993; Couteaux et al., 1998). There is some evidence for increased carbon storage in the upper
peat profile (Domisch et al., 1998). The net effect is to maintain the net carbon accumulation
rate at or slightly above the pre-drainage level Minkkinen and Laine, 1998). However, increased
duration and shortened return periods of droughts may have negative effects on the peat
carbon balance (Alm et al., 1997). Furthermore, responses of forested peatlands to drainage
may not be representative of responses of non-forested wetlands. Therefore, it is not clear how
soil carbon in various wetland types will respond to a warmer, drier climate.
Drainage of wetlands is associated with potentially large and rapid carbon losses as
organic matter that has accumulated slowly over centuries to millennia is oxidized
(Kasimir-Klemedtsson et al., 1997). When organic soils (Histosols) are drained and brought into
cultivation, losses of soil carbon do not tend to slow with time, but may continue at rapid rates
as long as the soil is exposed (Lal et al., 1998). Methane emissions from drained wetlands will
be reduced (some drained systems may be methane sinks), offsetting some of the net carbon
dioxide emissions (Gorham, 1995).
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Drainage of forested wetlands, largely concentrated in boreal regions, can enhance
tree growth significantly, but the net ecosystem carbon changes are less clear. Some studies
report large net gains while others indicate large net losses of carbon to the atmosphere (Zoltai
and Martikainen, 1996). When drainage and disturbance to establish trees accelerates
decomposition, the loss of carbon can exceed the carbon store created by growing trees
(Cannell et al., 1993). A more important mitigation measure, from the perspective of
atmospheric CO2, is the preservation of the vast carbon reserves already present in peatlands
(van Noordwijk et al., 1997). But with or without climate change, many peatlands in boreal,
continental North America may well shift from being sinks to sources of atmospheric C during
the 21st century (Wieder, 2001).

4.5.5

Forest management and soil carbon

Much of the focus on building and maintaining carbon stocks in forests is related to
above-ground biomass - unlike agricultural systems and wetlands, where the focus is mainly on
soil organic matter. Carbon sequestration options in forests vary by social and economic
conditions. In some regions, slowing or halting deforestation is the major opportunity. In other
regions where deforestation rates were once high but have declined to low levels, the most
attractive opportunities are improved natural forest management practices and
afforestation/reforestation of degraded forests and wastelands. Afforestation can significantly
increase soil carbon sequestration. Increased carbon stocks above ground tend to exceed
those below ground (e.g., Richter et al., 1999), although the latter are difficult to quantify. For a
given type of forest (e.g., as determined by potential mature vegetation composition) there is
generally a good correlation between above- and below-ground carbon.
Conversion of primary forests to secondary forests or forest plantations can result in
significant soil carbon losses, and further losses can occur if forests are converted to agriculture
and other land uses. Global estimates of C emissions from deforestation are highly uncertain
and show high geographical variability. The magnitude of forest degradation and secondary
forest regrowth is not well documented. Improving the accuracy of these estimates is an urgent
and challenging task. Recent evidence suggests that there may be natural sinks in the Amazon
basin (Tian et al., 1998) that roughly offset net sources of C from land use change (Houghton et
al., 2000). Estimates of C emissions from land-use change and forestry activities in the tropics
during the 1990s range from 1.1 to 1.7GtC/yr, with a best estimate of 1.6GtC/yr (Brown et al.,
1996; Melillo et al., 1993; Bolin et al., 2000).
Carbon losses from human disturbance of forests are site-specific and depend on
pre-existing vegetation composition and natural disturbance regimes. Some primary forests
(e.g., temperate rainforests) contain large amounts of carbon in the form of coarse woody debris
(Harmon et al., 1990). These carbon stocks are generally not replaced in secondary forests.
Other forests, such as much of the boreal forest, have relatively high frequencies of
stand-replacing disturbances such as crown fires and major insect outbreaks. Amounts of
woody debris are lower in these forests and their soil carbon pools are less susceptible to loss,
barring major disturbances such as drainage or tillage. As noted earlier, many forests retain
functional root systems even after disturbances. Roots and associated mycorrhizal fungi - the
rhizosphere - exert a protective influence on soil carbon pools (e.g., by exudation of antibiotic
compounds), and contribute much of the carbon found in the soil (Hendrickson and Robinson,
1984). Accordingly, post-disturbance forest soil carbon losses increase in proportion to the
severity and duration of damage to root system functioning.
During and after a disturbance such as timber harvest, carbon is transferred from living
material, above and below ground, to soil organic matter pools. Disturbed forest stands continue
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to release soil carbon into the atmosphere at an accelerated rate, as the newly transferred
material is enriched in labile carbon compounds with higher turnover rates than pre-existing soil
carbon pools. Soil carbon turnover is also accelerated by increased nutrient and moisture
availability on disturbed sites. These factors affect pre-existing pools as well, and may cause
total soil carbon to decline below pre-disturbance levels (Covington, 1981). However, many
studies of secondary forests in temperate regions indicate that timber harvesting followed by
prompt reforestation generally does not result in major changes in forest soil carbon pools
(Johnson, 1992).
Similarly, if cleared forestland in tropical regions is not cultivated or degraded, soil
carbon stocks may show little change over decades (e.g., Lugo and Brown, 1993; Christopher
et al., 1997). However, in some studies soil carbon losses of up to 30 percent have also been
reported (e.g., García-Oliva et al., 1999). The outcome may be influenced more by retention of
permanent vegetation cover in deforested areas than by cover type (Trumbore et al., 1995).
Undisturbed primary forests represent major carbon reservoirs, but there is debate as
to whether they continue to act as carbon sinks. There is some evidence that mature tropical
forests are not in carbon equilibrium, but continue to act as carbon sinks (Tian et al., 1998),
although the reasons for this are unclear. This may be related to continuing small increases in
soil carbon levels, or to formation and export of labile soil organic matter (e.g,, humic acids),
which is abundant in many rivers (Schlesinger and Melack, 1981). Within the soil profile itself
there can be leaching, and subsequent lateral transport through groundwater, of dissolved
organic carbon. For example, the waters of the Rio Negro in the Amazon region are acid and
deep-brown colored, containing high amounts of dissolved carbon (Soil, 1984). This carbon
may end up in sedimentary deposits where the river meets with other, silt-laden river waters, or
where discharge into the ocean takes place (Richey et al., 1980; Meybeck, 1982).
There is stronger evidence that undisturbed high-latitude forests represent carbon
sinks. Carbon continues to accumulate in young soils, which developed following deglaciation
in the northern hemisphere (Harden et al., 1992). In these soils, carbon losses from
decomposition of organic matter (which are slow owing to low temperatures) are exceeded by
the inputs of carbon in fresh organic debris (Liski et al., 1999). However, it should be noted that
boreal forests are experiencing some of the most rapid warming of any region on the globe,
which already is causing widespread melting of permafrost. Changes that promote permafrost
melting appear to be causing a net efflux of carbon dioxide from the soil carbon pool in these
forests, more than offsetting any gains that occur in moss and wood (Goulden et al., 1998).

REFERENCES
Alm, J., A. Talanov, S. Saarnio, J. Silvola, E. Ikkonen, H. Aaltonen, H. Nykänen, and P.J.
Martikainen, 1997b: Reconstruction of the carbon balance for microsites in a boreal
oligotrophic pine fen, Finland. Oecologia, 110, 423-431.
Anderson, D.W., 1995: Decomposition of organic matter and carbon emissions from soils. In:
Soils and Global Change. R. Lal, J. Kimble, E. Levine, and B. A. Stewart (eds.), CRC
Lewis Publishers, Boca Raton, FL, USA, pp. 165-175.
Anderson, J.M., 1991: The effects of climate change on decomposition processes in grassland
and coniferous forests. Ecological Applications, 1, 326–347.

58
Apps, M.J., and W.A. Kurz, 1993: The Role of Canadian Forests in the Global Carbon Balance.
In: Carbon Balance on World’s Forested Ecosystems: Towards a Global Assessment.
M. Kannien (ed.), Proceedings Intergovernmental Panel on Climate Change Workshop,
Joensuu, Finland, 11-15 May 1992. Publications of the Academy of Finland, Helsinki,
pp. 14-28.
Armentano, T.V. and E.S. Menges, 1986: Patterns of change in the carbon balance of organic
soil—wetlands of the temperate zone. Journal of Ecology, 74, 755–774.
Aselmann, I. and P.J. Crutzen, 1989: Global distribution of natural freshwater wetlands and rice
paddies, their net primary productivity, seasonality, and possible methane emissions.
Journal of Atmospheric Chemistry, 8, 307–358.
Ash, A.J., S.M. Howden, and J.G. McIvor, 1996: Improved rangeland management and its
implications for carbon sequestration. In: Proceedings of the Fifth International
Rangeland Congress, Salt Lake City, Utah, USA, 23-28 July 1995, Vol. 1, pp. 19-20.
Baldock, J.A. and P.N. Nelson, 1999: Soil organic matter. In: Handbook of Soil Science M.E.
Sumner (ed.) CRC Press, Washington D.C., USA, pp. B25–B84.
Balesdent, J. and M. Balabane, 1996: Major contribution of roots to soil carbon storage inferred
from maize cultivated soils. Soil Biological Biochemistry, 28(9), 1261–1263.
Balesdent, J., E. Besnard, D. Arrouays, and C. Chenu, 1998: The dynamics of carbon in
particle-size fractions of soil in a forest-cultivation sequence. Plant and Soil, 201,
49–57.
Barker, J.R., G.A. Baumgardner, D.P. Turner, and J. Lee, 1995: Potential carbon benefits of the
Conservation Reserve Program in the United States. Journal of Biogeography, 22,
743–751.
Barrett, D.J., and R.M. Gifford, 1999: Increased C-gain by an endemic Australian pasture grass
at elevated atmospheric CO2 concentration when supplied with non-labile inorganic
phosphorus. Australian Journal of Plant Physiology, 26, 443-451.
Barrow, N.J., 1969: The accumulation of soil organic matter under pasture and its effect on soil
properties. Australian Journal of Experimental Agriculture and Animal Husbandry, 9,
437–444.
Batjes, N.H., 1999: Management Options for Reducing CO2 Concentrations in the Atmosphere
by Increasing Carbon Sequestration in the Soil. International Soil Reference and
Information Centre, Wageningen, The Netherlands, 114 pp.
Batjes, N.H. and W.G. Sombroek, 1997: Possibilities for carbon sequestration in tropical and
subtropical soils. Global Change Biology, 3(2), 161–173.
Bayer, C., L. Martin-Neto, J. Mielniczuk, and C.A. Cerrata, 2000: Effect of no-till cropping
systems on soil organic matter in a sandy clay loam Acrisol from Southern Brazil
monitored by electron spin resonance and nuclear magnetic resonance. Soil and
Tillage Research, 53, 95–104.

59
Berg, B., M.P. Berg, P. Bottner, E. Box, A. Breymeyer, R. Calvo de Anta, M.M. Couteaux, A.
Escudero, A. Gallardo, W. Kratz, M. Madeira, E. Mälkönen, C. McGlaugherty, V.
Meentemeyer, F. Munoz, P. Piussi, J. Remacle, and A. Virzo de Santo, 1993: Litter
mass loss rates in pine forests of Europe and eastern United States: some
relationships with climate and litter quality. Biogeochemistry, 20, 127-159.
Bergkamp, G. and B. Orlando, 1999: Wetlands and Climate Change—Exploring Collaboration
Between the Convention on Wetlands and the UNFCCC. Ramsar Bureau, Geneva,
Switzerland.
Bhatti, J. S., M.J. Apps and H. Jiang, 2001: Examining the Carbon Stocks of Boreal Forest
Ecosystems at Stand and Regional Scales. In: Assessment of Methods for Soil C
Pools. R. Lal, M. Kimble, R.F. Follett, and B.A. Stewart (eds.), Advances in Soil
Science, Lewis Publishers, Boca Raton, FL, USA, pp. 513-532.
Blevins, R.L. and W.W. Frye, 1993: Conservation tillage: An ecological approach to soil
management. Advances in Agronomy, 51, 33–78.
Bolin, B., R. Sukumar, P. Ciais, W. Cramer, P. Jarvis, H. Kheshgi, C. Nobre, S. Semenov, and
W. Steffen, 2000: Global perspective. In Land Use, Land Use Change and Forestry.
R.T. Watson, I.R. Noble, B. Bolin, N.H. Ravindranath, D.J. Verardo, and D.J. Dokken
(eds.), A Special report of the IPCC, Cambridge University Press, pp. 23-51.
Boone, R.D., K.J., Nadelhoffer, J.D. Canary, and J.P. Kaye, 1998: Roots exert a strong
influence on the temperature sensitivity of soil respiration. Nature 396: 570-572
Brown, S. and A. Lugo, 1990: Effects of forest clearing and succession on the carbon and
nitrogen content of soils in Puerto Rico and U.S. Virgin Islands. Plant and Soil, 124,
53–64.
Brown, S., J. Sathaye, M. Cannell, and P.E. Kauppi, 1996: Management of forests for mitigation
of greenhouse gas emissions. In: Climate Change 1995 - Impacts, Adaptations and
Mitigation of Climate Change: Scientific-Technical Analyses. R.T. Watson, M.C.
Zinyowera, R.H. Moss, and D.J. Dokken (eds.), Contribution of Working Group II to the
Second Assessment Report of the Intergovernmental Panel on Climate Change,
Cambridge University Press, Cambridge, UK, pp. 773-797.
Bruce, J.P., M. Frome, E. Haites, H. Janzen, R. Lal, and K. Paustian, 1999: Carbon
sequestration in soils. Journal of Soil and Water Conservation, 54, 381-389.
Bullock, P. and H. Le Houérou, 1996: Land degredation and desertification. In: Climate Change
1995 - Impacts, Adaptions, and Mitigation of Climate Change: Scientific-Technical
Analyses. R.T. Watson, R.T., M.C. Zinyowera, and R.H. Moss (eds.), Contribution of
Working Group II to the Second Assessment Report of the Intergovernmental Panel on
Climate Change, Cambridge University Press, pp. 171-190.
Burke, I.C., W.K. Lauenroth, and D.P. Coffin, 1995: Soil organic matter recovery in semiarid
grasslands: implications for the Conservation Reserve Program. Ecological
Applications, 5(3), 793–801.

60
Burke, I.C., W.K. Lauenroth, and D.G. Milchunas. 1997: Biogeochemistry of managed
grasslands in central North America. In: Soil Organic Matter in Temperate
Agroecosystems: Long-Term Experiments in North America. E.A. Paul, E.T. Elliott, K.
Paustian, and C.V. Cole (eds.), CRC Press, Boca Raton, FL, USA, pp. 85-102.
Burke, I.C., W.K. Lauenroth, M.A. Vinton, P.B. Hook, R.H. Kelly, H.E. Epstein, M.R. Aguiar,
M.D. Robles, M.O. Aguilera, K.L. Murphy, and R.A. Gill, 1998: Plant-soil interactions in
temperate grasslands. Biogeochemistry, 42, 121-143.
Buyanovsky, G.A. and G.H. Wagner, 1998: Carbon cycling in cultivated land and its global
significance. Global Change Biology, 4, 131–141.
Cameron, A.G., and B.J. Ross, 1996: Fertiliser responses of established grass pastures in the
Northern Territory. Tropical Grasslands, 30, 426–429.
Canadell, J.G., L.F. Pitelka, and J.S.I. Ingram, 1996: The effects of elevated CO2 concentration
on plant-soil carbon below-ground—a summary and synthesis. Plant and Soil, 187(2),
391–400.
Cannell, M.G.R., R.C. Dewar, and D.G. Pyatt, 1993: Conifer plantations on drained peatlands in
Britain: a net gain or loss of carbon? Forestry, 66, 353–369.
Cantagallo, J.E., C.A. Chimenti, and A.J. Hall, 1997: Number of seeds per unit area in sunflower
correlates well with a photothermal quotient. Crop Science, 37, 178–1786.
Canziani, O.F. and S. Diaz, 1998: Latin America. In: The Regional Impacts of Climate Change:
An Assessment of Vulnerability. R.T. Watson, M.C. Zinyowera, and R.H. Moss (eds.),
Special Report of IPCC Working Group II, Intergovernmental Panel on Climate
Change, Cambridge University Press, pp. 187-230.
Cardon, Z.G., 1996: Influence of rhizodeposition under elevated CO2 on plant nutrition and soil
organic matter. Plant and Soil, 187, 277-288.
Carter, M.R., E.G. Gregorich, D.A. Angers, R.G. Donald, and M.A. Bolinder, 1998: Organic C
and N storage, and organic C fractions, in adjacent cultivated and forested soils of
eastern Canada. Soil and Tillage Research, 47, 253–261.
Casella, E. and J.F. Soussana, 1997: Long-term effects of CO2 enrichment and temperature
increase on the carbon balance of a temperate grass sward. Journal of Experimental
Botany, 48, 1309-1321.
Cerri, C.C., M. Bernoux, and B.J. Feigl, 1996: Deforestation and use of soil as pasture: Climatic
impacts. In: Interdisciplinary Research on the Conservation and Sustainable Use of the
Amazonian Rain Forest and its Information Requirements. R. Lieberei, C. Reisdorff,
and A.D. Machado (eds.), Forschungszentrum Geesthacht GmbH (GKSS), Bremen,
Germany, pp. 323.
Cerri, C.C., B. Volkoff, and F. Andreaux, 1991: Nature and behavior of organic matter in soils
under natural forest, and after deforestation, burning and cultivation near Manaus.
Forest Ecology and Management, 38, 247–257.

61
Ceulemans, R. and M. Mousseau, 1994: Effects of elevated atmospheric CO2 on woody plants.
New Phytologist 127, 425-446.
Christopher, N., J.M. Melillo, P.A. Steudler, C.C. Cerri, J.F.L. de Moreaes, M.C. Piccolo, and M.
Brito, 1997: Soil carbon and nitrogen stocks following forest clearing for pasture in the
southwestern Brazilian Amazon. Ecological Applications, 7, 1216–1226.
Clymo, R.S., 1984: The limits to peat bog growth. Philosophical Transactions of the Royal
Society of London, 303, 605–654.
Cole, C.V., J. Duxbury, J. Freney, O. Heinemeyer, K. Minami, A. Mosier, K. Paustian, N.
Rosenberg, N. Sampson, D. Sauerbeck, and Q. Zhao, 1996: Agricultural options for
mitigation of greenhouse gas emissions. In: Climate Change 1995 - Impacts,
Adaptations, and Mitigation of Climate Change: Scientific-Technical Analyses. R.T.
Watson, M.C. Zinyowera, R.H. Moss, and D.J. Dokken (eds.), Cambridge University
Press, pp. 745-771.
Cole, C.V., J. Duxbury, J. Freney, O. Heinemeyer, K. Minami, A. Mosier, K. Paustian, N.
Rosenburg, N. Sampson, D. Sauerbeck, and Q. Zhao, 1997: Global estimates of
potential mitigation of greenhouse gas emissions by agriculture. Nutrient Cycling in
Agroecosystems, 49, 221–228.
Cole, C.V., K. Flach, J. Lee, D. Sauerbeck, and B. Stewart, 1993: Agricultural sources and sinks
of carbon. Water, Air, and Soil Pollution, 70, 111–122.
Conant, R.T., K. Paustian, and E.T. Elliot, 2001: Grassland management and conversion into
grassland: Effects on soil carbon. Ecological Applications 11: 343-355.
Conant, R.T., J.M. Klopatek, R.C. Malin, and C.C. Klopatek, 1998: Carbon pools and fluxes
along an environmental gradient in northern Arizona. Biogeochemistry, 43, 43–61.
Cony, M.A., 1995: Rational afforestation of arid and semiarid lands with multipurpose trees.
Interciencia, 2(5), 249-253.
Couteaux, M.M., K.B. McTiernan, B. Berg, D. Szuberla, P. Dardenne, and P. Bottner, 1998:
Chemical composition and carbon mineralisation potential of Scots pine needles at
different stages of decomposition. Soil Biology and Biochemistry, 30, 583-595.
Covington, W.W., 1981: Changes in forest floor organic matter and nutrient content following
clear cutting in northern hardwoods. Ecology, 62(1), 41–48.
Coxson, D.S. and D. Parkinson, 1987: Winter respiratory activity in aspen woodland forest floor
litter and soil. Soil Biol. Biochem., 19, 49-59.
Dalal, R.C., and R.J. Mayer, 1996: Long-term trends in fertilization of soils under continuous
cultivation and cereal cropping in Southern Queensland. II. Total organic carbon and
its rate of loss from the soil profile. Australian Journal of Soil Research, 24, 281–292.
Davidson, E.A. and I.L. Ackerman, 1993: Changes in soil carbon inventories following
cultivation of previously untilled soils. Biogeochemistry, 20, 161–193.
Davidson, E.A., D.C. Nepstad, C. Klink, and S.E. Trumbore, 1995: Pasture soils as carbon sink.
Nature, 376, 472-473.

62
Dean, W.E. and E. Gorham, 1998: Magnitude and significance of carbon burial in lakes,
reservoirs, and peatlands. Geology, 26, 535–538.
Detwiler, R.P., 1986: Land use change and global carbon cycle: The role of tropical soils.
Biogeochemistry, 2, 67–93.
Dhillion, S.S., J. Roy, and M. Abrams, 1996: Assessing the impact of elevated CO2 on soil
microbial activity in a Mediterranean model ecosystem. Plant and Soil, 187, 333-342.
Díaz-Raviña, R.A., G.O Magrin, M.I. Travasso, and R.O. Rodríguez, 1997: Climate change and
its impact on the properties of agricultural soils in the Argentinean Rolling Pampas.
Climate Research, 9, 25–30.
Dick, W.A., R.L. Blevins, W.W. Frye, S.E. Peters, D.R. Christenson, F.J. Pierce, and
M.L. Vitosh, 1998: Impacts of agricultural management practices on C sequestration in
forest-derived soils of the eastern Corn Belt. Soil and Tillage Research, 47, 235–244.
Dixon, R.K., J.K. Winjum, and P.E. Schroeder, 1993: Conservation and sequestration of carbon:
the potential of forest and agroforest management practices. Global Environmental
Change, 3(2), 159–173.
Dixon, R.K., J.K. Wimjum, K.J. Andrasko, J.J. Lee, and P.E. Schroeder, 1994: Integrated
systems: assessing of promising agroforest and alternative land use practices to
enhance carbon conservation and sequestration. Climate Change, 30, 1–23.
Domisch, T., L. Finér, M. Karsisto, R. Laiho, and J. Laine, 1998: Relocation of carbon from
decaying litter in drained peat soils. Soil Biology and Biochemistry, 30, 1529-1536.
Donigian, A.S. A.S. Partwardhan, R.V. Jackson, T.O. Barnwell, K.B. Weinrich, and A.L. Rowell,
1995: Modeling the impacts of agricultural management practices on soil carbon in the
central U.S. In: Soil Management and Greenhouse Effect. R. Lal, J. Kimble, E. Levine,
and B.A. Stewart (eds.), CRC-Lewis Publishers, Boca Raton, FL, USA, pp. 121–135.
Dormaar, J.F. and S. Smoliak, 1985: Recovery of vegetative cover and soil organic matter
during revegetation of abandoned farmland in a semiarid climate. Journal of Range
Management 38, 487-91.
Duan, Z., X. Liu., and J. Qu, 1995: Effect of land desertification on CO2 content of atmosphere
in China. Agricultural Input and Environment 1995, 279-302.
Dumanski, J., R.L. Desjardins, C. Tarnocai, C. Monreal, E.G. Gregorich, V. Kirkwood, and
C.A. Campbell, 1998: Possibilities for future carbon sequestration in Canadian
agriculture in relation to land use changes. Climate Change, 40, 81–103.
Eamus, D. and P.G. Jarvis, 1989: The direct effects of increase in the global atmospheric CO2
concentration on natural and commercial trees and forests. Advances in Ecological
Research 19, 1-55.
Eswaran, H., E. Van den Berg, and P. Reich, 1993: Organic carbon in soils of the world. Soil
Science Society of America Journal, 57, 192–194.

63
Faminow, M.D., 1998: Cattle, Deforestation and Development in the Amazon: An Economic,
Agronomic and Environmental Perspective. CAB International, Wallingford, United
Kingdom, 253 pp.
FAO/ISRIC, 1990: Guidelines for Soil Description. Food and Agriculture Organization, Rome,
Italy.
FAO/UNEP, 1999: Terminology for Integrated Resources Planning and Management. Food and
Agriculture Organization/United Nations Environmental Programme, Rome, Italy and
Nairobi, Kenya.
Fay, C., H. de Foresta, M. Sarait, and T.P. Tomich, 1998: A policy breakthrough for Indonesian
farmers in the Krui damar agroforests. Agroforestry Today, 10(2), 25–26.
Fearnside, P.M., 1999: Biodiversity as an environmental service in Brazil’s Amazonian forests:
Risks, value and conservation. Environmental Conservation, 26(4), 305–321.
Fearnside, P.M. and R.I. Barbosa, 1998: Soil carbon changes from conversion of forest to
pasture in Brazilian Amazonia. Forest Ecology and Management, 108(1-2), 147–166.
Feller, C., and M.H. Beare, 1997: Physical control of soil organic matter dynamics in the tropics.
Geoderma, 79, 69–116.
Finér, L. and J. Laine, 1998: Fine root dynamics at drained peatland sites of different fertility in
southern Finland. Plant and Soil, 201, 27-36.
Fiscus, E.L., C.D. Reid, J.E. Miller, and A.S. Heagle, 1997: Elevated CO2 reduces O3 flux and
O3-induced yield losses in soybeans: possible implications for elevated CO2 studies.
Journal of Experimental Botany, 48, 307-313.
Fisher, M.J., R.J. Thomas, and I.M. Rao, 1997: Management of tropical pastures in acid-soil
savannas of South America for carbon sequestration in the soil. In: Management of
Carbon Sequestration in Soil. R. Lal, J.M. Kimble, R.F. Follett, and B.A. Stewart
(eds.), CRC-Lewis Press, Boca Raton, FL, USA, pp. 405–420.
Fisher, M.J., I.M. Rao, C.E. Lascano, M.A. Ayarza, J.I. Sanz, R.J. Thomas, and R.R. Vera,
1995: Pasture soils as carbon sink. Nature, 376(10), 473.
Fisher, M.J., I.M. Rao, M.A. Ayarza, C.E. Lascano, J.I. Sanz, R.J. Thomas, and R.R. Vera,
1994: Carbon storage by introduced deep-rooted grasses in the South American
savannas. Nature, 371(6494), 236–238.
Fowler, D., J.N. Cape, and M.H. Unsworth, 1989: Deposition of atmospheric pollutants on
forests. Philosophical Transactions of the Royal Society, London, 324B, 247–265.
García-Oliva, F., R.L. Sanford, and E. Kelly, 1999: Effects of slash-and-burn management on
soil aggregate organic C and N in a tropical deciduous forest. Geoderma, 88(1-2),
1–12.
Giardina, C.P., and M.G. Ryan, 2000: Evidence that decomposition rates of organic carbon in
mineral soils do not vary with temperature. Nature, 404, 858-861.

64
Gitay, H. and I.R. Noble, 1998: Middle East and arid Asia. In: The Regional Impacts of Climate
Change: An Assessment of Vulnerability. [R.T. Watson, M.C. Zinyowera, and R.H.
Moss (eds.), Special Report of IPCC Working Group II, Intergovernmental Panel on
Climate Change, Cambridge University Press, pp. 231-252.
Glenn, S., A. Heyes, and T.R. Moore, 1993: Carbon dioxide and methane emissions from
drained peatland soils, southern Quebec. Global Biogeochemical Cycles, 7,
247-258.
Gorham, E., 1995: The biogeochemistry of northern peatlands and its possible responses to
global warming. In: Biotic Feedbacks in the Global Climatic System. G.M. Woodwell
and F.T. MacKenzie (eds.), Oxford University Press, New York, pp. 169–187.
Goulden, M.L., S.C. Wofsy, J.W. Harden, S.E. Trumbore, P.M. Crill, S.T. Gower, T. Fries,
B.C. Daube, S.M. Fan , D.J. Sutton, A. Bazza and J.W. Munger, 1998: Sensitivity of
boreal forest carbon balance to soil thaw. Science, 279, 214-216.
Grace, P.R., W.M. Post, D.C. Godwin, K.P. Bryceson, M.A. Truscott, and K.J. Hennessy, 1997:
Soil carbon dynamics in relation to soil surface management and cropping systems in
Australian agroecosystems. In: Management of Carbon Sequestration in Soil. R. Lal,
J.M. Kimble, R.F. Follett, and B.A. Stewart (eds.), CRC-Lewis Press, Boca Raton, FL,
USA, pp. 175–193.
Grant, R.F., R.C. Izaurralde, M. Nyborg, S.S. Malhi, E.D. Soberg, and D. Jans-Hammermeister,
1997: In: Soil Processes and the Carbon Cycle. R. Lal, J.M. Kimble, R.F. Follett, and
B.A. Stewart (eds.), CRC Press, Boca Raton, FL, USA, pp. 527–547.
Greenland, D.J., 1995: Land use and soil carbon in different agroecological zones. In: Soil
Management and Greenhouse Effect. R. Lal, J. Kimble, E. Levine, and B.A. Stewart
(eds.), Lewis Publishers, Boca Raton, FL, USA, pp. 9–24.
Gregory, P., J. Ingram, B. Campbell, J. Goudriaan, T. Hunt, J. Landsberg, S. Linder,
M. Stafford-Smith, B. Sutherst, and C. Valentin, 1999: Managed production systems.
In: The Terrestrial Biosphere and Global Change. Implications for Natural and
Managed Ecosystems. Synthesis Volume B. Walker, B., W. Steffen, J. Canadell, and
J. Ingram (eds.), International Geosphere-Biosphere Program Book Series No. 4,
Cambridge University Press, Cambridge, UK, pp. 229-270.
Griffin, D.M., 1969: Soil water in the ecology of fungi. Annual Review of Phytopathology, 7,
289-311.
Griffiths, E. and H.F. Birch, 1961: Microbiological changes in freshly moistened soil. Nature
189, 424.
Hall, P.J., and B. Moody, 1994: Forest depletions caused by insects and diseases in Canada
1982-1987. Information Report ST-X-8, Natural Resources Canada, Canadian Forest
Service, Ottawa, 14 pp.
Harden, J.W., E.T. Sundquist, R.F. Stallard, and R.K. Mark, 1992: Dynamics of soil carbon
during deglaciation of the Laurentide ice sheet. Science, 258, 1921-1924.

65
Harmon, M.E., W.K. Ferrel, and J.F. Franklin, 1990: Effects on carbon storage of conversion of
old-growth forests to young forests. Science, 247(4943), 699-703.
Harmon, M.E., J.F. Franklin, F.J. Swanson, P. Sollins, S.V. Gregory, J.D. Lattin, N.H. Anderson,
S.P. Cline, J.R. Sedell, G.W. Lienkaemper, K. Cromack, and K.W. Cummins, 1986:
Ecology of coarse woody debris in temperate ecosystems. In: Advances in Ecological
Research, Volume 15. A. Macfadyen and E.D. Ford (eds.), Academic Press, London.
pp. 133-302.
Harrison, K.G., W.S. Broecker, and G. Bonani, 1993: The effect of changing land use on soil
radiocarbon. Science, 262, 725-726.
Hättenschwiler, S., F. Miglietta, A. Raschi, and C. Körner, 1997: Thirty years of in situ tree
growth under elevated CO2: a model for future forest responses? Global Change
Biology 3, 463-71.
Haynes, R.J. and P.H. Williams, 1992: Accumulation of soil organic matter and the forms,
mineralization potential and plant-availability of accumulated organic sulfur: effects of
pasture improvement and intensive cultivation. Soil Biology and Biochemistry, 24,
209–217.
Heagle, A.S., J.E. Miller, F.L. Booker, and W.A. Pursley, 1999: Ozone stress, carbon dioxide
enrichment, and nitrogen fertility interactions in cotton. Crop Science, 39, 731-741.
Hendrickson, O.Q., 1985: Variation in the C:N ratio of substrate mineralized during forest humus
decomposition. Soil Biol. Biochem. 17, 435-440.
Hendrickson, O.Q. and J.B. Robinson, 1984: Effects of roots and litter on mineralization
processes in forest soil. Plant and Soil 80, 391-405.
Hendrickson, O.Q., L. Chatarpaul, and D. Burgess, 1989: Nutrient cycling following whole-tree
and conventional harvest in northern mixed forest. Can. J. For. Res. 19, 725-735.
Henning, F.P., C.W. Wood, H.H. Rogers, G.B. Runion, and S.A. Prior, 1996: Composition and
decomposition of soybean and sorghum tissues grown under elevated atmospheric
carbon dioxide. Journal of Environmental Quality, 25, 822-827.
Houghton, R.A., 1995a: Changes in the storage of terrestrial carbon since 1850. In: Soils and
Global Change. R. Lal, J. Kimble, E. Levine, and B.A. Stewart (eds.), Lewis Publishers,
Boca Raton, FL, USA, pp. 45-65.
Houghton, R.A., 1995b: Effects of land-use change, surface temperature, and CO2
concentration on terrestrial stores of carbon. In Biotic Feedbacks in the Global Climate
Systems. G.M. Woodwell, and E.T. MacKenzie (eds.), Oxford University Press, New
York, pp. 333-350.
Houghton, R.A., J.E. Hobbie, J.M. Melillo, B. Moore, B.J. Peterson, G.R. Shave, and
G.M. Woodwell, 1983: Changes in the carbon content of the terrestrial biota and soils
between 1860 and 1990: a release of CO2 to the atmosphere. Ecol. Monogr., 53(3),
235–262.

66
Houghton, R.A., D.L. Skole, C.A. Nobre, J.L. Hackler, K.T. Lawrence, and W.H. Chomentowski,
2000: Annual fluxes of carbon from deforestation and regrowth in the Brazilian
Amazon. Nature, 403, 301–304.
Huggins, D.R., D.L. Allan, J.C. Gardner, D.L. Karlen, D.F. Bezdicek, M.J. Rosek, M.J. Alms,
M. Flock, and M.L. Staben, 1998: Enhancing carbon sequestration in CRP-managed
lands. In: Management of Carbon Sequestration in Soil. R. Lal, J. Kimble, R.F. Follet,
and B.A. Stewart (eds.), CRC-Lewis Press, Boca Raton, FL, USA,
pp. 323–334.
Hungate, B.A., E.A. Holland, R.B. Jackson, F.S. Chapin, H.A. Mooney, and C.B. Field, 1997:
The fate of carbon in grasslands under carbon dioxide enrichment. Nature, 388,
576-579.
Huxley, P., 1999: Tropical Agroforestry. Blackwell Science Publishers, London, United
Kingdom, 371 pp.
IGBP Terrestrial Carbon Working Group, 1998: The terrestrial carbon cycle: Implications for the
Kyoto Protocol. Science, 280, 1393–1394.
IPCC 1996: Climate Change 1995: Impacts, Adaptations and Mitigation of Climate Change:
Scientific-Technical Analyses. Contribution of working group II to the Second
Assessment Report of the Intergovernmental Panel on Climate Change, R. Watson,
M.C. Zinyowera, and R. Moss (eds.), Cambridge University Press, Cambridge, UK,
880 pp.
IPCC

2000: Land Use, Land-Use Change, and Forestry. Special Report of the
Intergovernmental Panel on Climate Change, R.T. Watson, I. R. Noble, B. Bolin, N.H.
Ravindranath, D.J. Verardo and D.J. Dokken (eds.), Cambridge University Press, UK,
375pp.

IPCC 2001a: Climate Change 2001: Impacts, Adaptation & Vulnerability. Contribution of
Working Group II to the Third Assessment Report of the Intergovernmental Panel on
Climate Change (IPCC), J.J. McCarthy, O.F. Canziani, N. A. Leary, D.J. Dokken and
K.S. White (eds.), Cambridge University Press, UK, 1000 pp.
IPCC 2001b: Climate Change 2001: Mitigation. Contribution of Working Group III to the Third
Assessment Report of the Intergovernmental Panel on Climate Change (IPCC),
B. Metz, O. Davidson, R. Swart and J. Pan (eds.), Cambridge University Press, UK,
700 pp.
Ismail, I., R.L. Bevins, and W.W. Frye, 1994: Long-term no-tillage effects on soil properties and
continuous corn yields. Soil Science Society of America Journal, 58, 193–198.
Izac, A.-M.N. and P.A. Sanchez, 2000: Towards a natural resource management research
paradigm: an example of agroforestry research. Agricultural Systems, (in press).
Janzen, H.H., C.A. Campbell, R.C. Izaurralde, B.H. Ellert, N. Juma, W.B. McGill, and
R.P. Zentner, 1998: Management effects on soil C storage on the Canadian prairies.
Soil Tillage Research, 47, 181–195.

67
Jenkinson, D.S., 1991: The Rothamsted long-term experiments: are they still of use? Journal of
Agronomy, 83, 2–12.
Johnson, D.W., 1992: Effects of forest management on soil carbon storage. Water, Air and Soil
Pollution, 64, 83–120.
Johnson, D.W., 1995: Role of carbon in the cycling of other nutrients in forested ecosystems.
In: Carbon Forms and Functions in Forest Soils. J.M. Kelly and W.M. McFee (eds.),
Soil Science Society of America, Madison, WI, USA, pp. 299–328.
Kanowski, P.J., P.S. Savill, P.G. Adlard, J. Burley, J. Evans, J.R. Palmer, and P.J. Wood, 1992:
Plantation forestry. In: Managing the World’s Forests, N.P. Sharma (ed.), Kendall-Hunt,
Dubuque, IA, USA, pp. 375-401.
Kasimir-Klemedtsson, A., L. Klemedtsson, K. Berglund, P. Martikainen, J. Silvola, and
O. Oenema. 1997: Greenhouse gas emissions from farmed organic soils: a review.
Soil Use and Management, 13, 245-250.
Kelly, R.H., I.C. Burke, and W.K. Lauenroth, 1996: Soil organic matter and nutrient availability
responses to reduced plant inputs in shortgrass steppe. Ecology, 77(8), 2516–2527.
Kern, J.S. and M.G. Johnson, 1993: Conservation tillage impacts on national soil and
atmosperic carbon levels. Soil Society of America Journal, 57, 200–210.
Kharin, N., 1996: Strategy to combat desertification in Central Asia. Desertification Control
Bulletin, 29, 29-34.
Kirschbaum, M.U.F., 2000: Will changes in soil organic matter act as a positive or negative
feedback on global warming? Biogeochemistry, 48, 21-51.
Kolchugina, T.P., T.S. Vinson, G.G. Gaston, V.A. Rozhkov, and A.Z. Shwidenko, 1995: Carbon
pools, fluxes, and sequestration potential in soils of the former Soviet Union. In: Soil
Management and Greenhouse Effect. R. Lal, J. Kimble, E. Levine, and B.A. Stewart
(eds.), CRC-Lewis Publishers, Boca Raton, FL, USA, pp. 25-40.
Körner, C., 1996: The response of complex multispecies systems to elevated CO2. In: Global
Change and Terrestrial Ecosystems. B. Walker, B., W. Steffen, J. Canadell, and
J. Ingram (eds.), International Geosphere-Biosphere Program Book Series No. 4,
Cambridge University Press, Cambridge, UK, pp. 20-42.
Kuliev, A., 1996: Forests - an important factor in combatting desertification. Problems of Desert
Development, 4, 29-31.
Kurz, W.A., M.J. Apps, B.J. Stocks, and W.J.A. Volney, 1995a: Global climatic change:
disturbance regimes and biospheric feedbacks of temperate and boreal forests.
In: Biotic feedbacks in the global climatic system: Will the warming speed the
warming? G.M. Woodwell and F.T. Mackenzie (eds.), Oxford University Press,
New York, pp. 119-133.
Kurz, W.A., and M.J. Apps, 1999: A 70-year retrospective analysis of carbon fluxes in the
Canadian forest sector. Ecological Applications, 9, 526-547.
Kurz, W.A., M.J. Apps, S.J. Beukema, and T. Lekstrum, 1995b: Twentieth century carbon
budget of Canadian forests. Tellus, 47B, 170-177.

68
Laiho, R. and L. Finér, 1996: Changes in root biomass after water-level drawdown on pine
mires in Southern Finland. Scandinavian Journal of Forest Research, 11, 251-260.
Laiho, R. and J. Laine, 1997: Tree stand biomass and carbon content in an age sequence of
drained pine mires in southern Finland. Forest Ecology and Management, 93,161-169.
Laine, J., H. Vasander, and T. Laiho, 1995: Long-term effects of water level drawdown on the
vegetation of drained pine mires in southern Finland. Journal of Applied Ecology
32,785-802.
Laine, J., J. Silvola, K. Tolonen, J. Alm, H. Nykänen, H. Vasander, T. Sallantaus, I. Savolainen,
J., Sinisalo, and P.J. Martikainen, 1996: Effect of water-level drawdown in northern
peatlands on the global climatic warming. Ambio, 25, 179-184.
Lal, R., 1989: Conservation tillage for sustainable agriculture. Advances in Agronomy, 42,
85–197.
Lal, R., 1995: Global soil erosion by water and carbon dynamics. In: Soils and Global Change.
Advances in Soil Science. R. Lal, J. Kimble, E. Levine, and B.A. Stewart (eds.),
Lewis Publishers, Chelsea, MI, USA, pp. 131–142.
Lal, R., 1997: Residue management conservation tillage and soil restoration for mitigating
greenhouse effect by CO2-enrichment. Soil and Tillage Research, 43, 81–107.
Lal, R. and J.P. Bruce, 1999: The potential of world cropland soils to sequester C and mitigate
the greenhouse effect. Environmental Science and Policy, 2, 177–185.
Lal, R., H.M. Hassan, and J. Dumanski, 1999: Desertification control to sequester C and
mitigate the greenhouse effect. In: Carbon Sequestration in Soils: Science, Monitoring
and Beyond. R.J. Rosenberg, R.C. Izaurralde, and E.L. Malone (eds.), Battelle Press,
Columbus, OH, USA, pp. 83-107.
Lal, R., J.M. Kimble, R.F. Follett, and C.V. Cole, 1998: The Potential of US Cropland to
Sequester Carbon and Mitigate the Greenhouse Effect. Ann Arbor Press, Chelsea, MI,
USA, 128 pp.
Larionova, A.A., A.M. Yermolayev, S.A. Blagodatsky, L.N. Rozanova, I.V. Yevdokimov, and
D.B. Orlinsky, 1998: Soil respiration and carbon balance of gray forest soils as affected
by land use. Biology and Fertility of Soils, 27, 251-257.
Last, F.T. and R. Watling, 1991: Acidic deposition. Its nature and impacts. Proceedings of the
Royal Society of Edinburgh, Section B, 97:
Leakey, R.R.B., 1996: Definition of agroforestry revisited. Agroforestry Today, 8(1), 5–7.
Leuking, M.A. and J.S. Schepers, 1985: Changes in soil carbon and nitrogen due to irrigation
development in Nebraska’s sand hill soils. Journal of the Soil Science Society of
America, 49, 626–630.
Lindstrom, M.J., T.E. Schumacher, D.C. Reicosky, and D.L. Beck, 1999: Soil quality: Post
conservation reserve changes with tillage and cropping. In: Soil Quality and Soil
Erosion. R. Lal, R. (ed.), CRC Press, Boca Raton, FL, USA, pp. 143–151.

69

Liski, J., H. Ilvesniemi, A. Mäkelä, and M. Starr, 1998: Model analysis of the effects of soil age,
fires and harvesting on the carbon storage of boreal forest soils. European Journal of
Soil Science, 49(3), 407–416.
Liski, J., H. Ilvesniemi, A. Makela, and C.J. Westman, 1999: CO2 emissions from soil in
response to climatic warming are overestimated - the decomposition of old soil organic
matter is tolerant of temperature. Ambio, 28(2), 171-174.
Loiseau, P. and J.-F. Soussana, 1999a: Effects of elevated CO2 , temperature and N fertilizer
on the accumulation of below-ground carbon in a temperate grassland ecosystem.
Plant and Soil, 212, 123-134.
Loiseau, P. and J.-F. Soussana, 1999b: Effect of elevated CO2 , temperature and N fertilizer on
the turnover of below-ground carbon in a temperate grassland ecosystem. Plant and
Soil, 212, 233-247.
Lugo, A.E., M.J. Sanchez, and S. Brown, 1986: Land use and organic carbon content of some
subtropical soils. Plant and Soil, 96, 185–196.
Lugo, A.E. and S. Brown, 1993: Management of tropical soils as sinks or sources of
atmospheric carbon. Plant and Soil, 149, 27–41.
MacDonald, N.W., D.L. Randlett, and D.R. Zak, 1999: Soil warming and carbon loss from a
Lake States Spodosol. Soil Science Society of America Journal, 63, 211–218.
Makipaa, R., T. Karjalainen, A. Pussinen, and S. Kellomaki, 1999: Effects of climate change and
nitrogen deposition on the carbon sequestration of a forest ecosystem in the boreal
zone. Canadian Journal of Forest Research, 29, 1490-1501.
Manley, J.T., G.E. Schuman, J.D. Reeder, and R.H. Hart, 1995: Rangeland soil carbon and
nitrogen responses to grazing. Journal of Soil and Water Conservation, 50, 294-298.
Mann, L.K., 1986: Changes in soil carbon storage after cultivation. Science, 142(5), 279–288.
Mark, U., and M. Tevini, 1997: Effects of solar ultraviolet-B radiation, temperature and CO2 on
growth and physiology of sunflower and maize seedlings. Plant Ecology, 128, 224-234.
Martikainen, P.J., H. Nykänen, J. Alm, and J. Silvola, 1995: Change in fluxes of carbon dioxide,
methane and nitrous oxide due to forest drainage of mire sites of different trophy. Plant
and Soil, 168-169, 571-577.
Matthews, E. and I. Fung, 1987: Methane emission from natural wetlands: global distribution,
area, and environmental characteristics of sources. Global Biogeochemical Cycles, 1,
61-86.
McCarty, G.W., N.N. Lyssenko, and J.L. Starr, 1998: Short-term changes in soil carbon and
nitrogen pools during tillage management transition. Soil Science Society of America
Journal, 62, 1564–1571.
McConnell, S.G. and M.L. Quinn, 1988: Soil productivity of four land use systems in
southeastern Montana. Soil Science Society of America Journal, 52, 500–506.

70

McIntosh, P.D., R.B. Allen, and N. Scott, 1997: Effects of exclosure and management on
biomass and soil nutrient pools in seasonally dry high country, New Zealand. Journal
of Environmental Management, 51, 169–186.
McKee, I.F., J.F. Bullimore, and S.P. Long, 1997: Will elevated CO2 concentrations protect the
yield of wheat from O3 damage? Plant, Cell and Environment, 20, 77-84.
Meentemeyer, V., 1984: The geography of organic decomposition rates. Annals of the
Association of American Geographers, 74, 551-560.
Meentemeyer, V., J. Gardner, and E.O. Box, 1985: World patterns and amounts of detrital soil
carbon. Earth Surface Processes and Landforms, 10(6), 557–567.
Melillo, J.R., A.D. McGuire, D.W. Kicklighter, B. Moore, C. J. Vorosmarty, and A.L. Schloss,
1993: Global climate change and terrestrial net primary production. Nature, 363,
234-240.
Meybeck, D.J.D., 1982: Carbon, nitrogen and phosphorous transport by world rivers. American
Journal of Science, 282, 410–450.
Milchunas, D.G. and W.K. Laurenroth, 1993: Quantitative effects of grazing on vegetation and
soils over a global range of environments. Ecological Monographs, 63(4), 327–366.
Minkkinen, K. and J. Laine, 1998: Long-term effect of forest drainage on the peat carbon stores
of pine mires in Finland. Canadian Journal of Forest Research, 28, 1267–1275.
Moore, T.R., T.A. Trofymow, B. Taylor, C. Prescott, C. Camire, L. Duschene, J. Fyles, L. Kozak,
M. Kranabetter, I. Morrison, M. Siltanen, S. Smith, B. Titus, S. Visser, R. Wein, and
S. Zoltai, 1999: Rates of litter decomposition in Canadian forests. Global Change
Biology, 5, 75-82.
Moosavi, S.C. and P.M. Crill, 1997: Controls on CH4 and CO2 emissions along two moisture
gradients in the Canadian boreal zone. Journal of Geophysical Research, 102, 29,
261–229, 277.
Morgan, J.A., W.G. Knight, L.M. Dudley, and H.W. Hunt, 1994: Enhanced root system C-sink
activity, water relations and aspects of nutrient acquisition in mycotrophic Bouteloua
gracilis subjected to CO2 enrichment. Plant and Soil, 165, 139-146.
Mosier, A.R., 1998: Soil processes and global change. Biology and Fertility of Soils, 27,
221-229.
Murray, D.R., 1997: Carbon Dioxide and Plant Response. Research Studies Press Ltd.,
John Wiley and Sons, New York, NY, USA, 275 pp.
Nadelhoffer, K.J., B.A. Emmett, P. Gundersen, O.J. Kjonaas, C.J. Koopmans, P. Schleppi,
A. Tietema, and R.F. Wright, 1999: Nitrogen deposition makes a minor contribution to
carbon sequestration in temperate forests. Nature, 398(6723), 145–148.
Nakane, K., 1976: An empirical formulation of the vertical distribution of carbon concentration in
forest soils. Japanese Journal of Ecology, 26, 171–174.

71
Neill, C., J.M. Melillo, P.A. Steudler, C.C Cerri, J.F.L. Moraes, M.C. Piccolo, and M. Brito, 1997:
Soil carbon and nitrogen stocks following forest clearing for pasture in the
southwestern Brazilian Amazon. Ecological Applications, 7(4), 1216–1225.
Nepstad, D.C., C.R. Decarvalho, E.A. Davidson, P.H. Jipp, P.A. Lefebvre, G.H. Negreiros,
E.D. Dasilva, T.A. Stone, S.E. Trumbore, and S. Vieira, 1994: The role of deep roots
in the hydrological and carbon cycles of Amazonian forests and pastures. Nature,
372(6507), 666–669.
Nepstad, D.C., C. Klink, and S.E. Trumbore, 1995: Pasture soils as carbon sink. Nature, 376,
472–473.
Nie, X., 1996: The water and soil conservation and Loess Plateau farming. Journal of the
Science and Technique for Shangxi Water and Soil Conservation, 6-8. (in Chinese)
Niklinska, M., M. Maryanski, and R. Laskowski, 1999: Effect of temperature on humus
respiration rate and nitrogen mineralization: Implications for global climate change.
Biogeochemistry, 44, 239–257.
Odum, E.P., 1969: The strategy of ecosystem development. Science, 164, 262–270.
Ojima, D.S., B.O.M. Dirks, E.P. Glenn, C.E. Owensby, and J.O. Scurlock, 1993b: Assessment
of C budget for grasslands and drylands of the world. Water, Air and Soil Pollution, 70,
95–109.
Ojima, D.S., W.J. Parton, D.S. Schimel, J.M.O. Scurlock, and T.G.F. Kittel, 1993b: Modeling the
effects of climatic and CO2 changes on grassland storage of soil C. Water, Air and Soil
Pollution, 70, 643–657.
Oldeman, L.R., 1994: The global extent of soil degradation. In: Soil Resilience and Sustainable
Land Use. D.J. Greenland, and I. Szaboles (eds.), CAB International, Wallingford, UK,
pp. 99-118.
Oldeman, R.L., T.A. Hakkeling, and W.G. Sombroek, 1991: World Map of the Status of HumanInduced Soil Degradation, 2nd. Rev. Ed. International Soil Reference and Information
Centre, Wageningen, The Netherlands.
Oren, R., D. S. Ellsworth, K. H. Johnsen, N. Phillips, B.E. Ewers, C. Maier, K.V.R. Schafer,
H. McCarthy, G. Hendrey, S.G. McNulty, and K.K. Katul, 2001: Soil fertility limits
carbon sequestration by forest ecosystems in a CO2-enriched atmosphere. Nature
411, 469-472.
Owensby, C.E., 1993: Potential impacts of elevated CO2 and above- and belowground litter
quality of a tallgrass prairie. Water Air and Soil Pollution 70, 413-424.
Paustian, K., O. Andren, H.H. Janzen, R. Lal, P. Smith, G. Tian, H. Tiessen, M. Van Noordwijk,
and P.L. Woomer, 1997a: Agricultural soils as a sink to mitigate carbon dioxide
emissions. Soil Use and Management, 13(4), 230–244.
Paustian, K., E.T. Elliot, and K. Killian, 1997b: Modeling soil carbon in relation to management
and climate change in some agroecosystems in central North America. In: Soil

72
Processes and the Carbon Cycle. R. Lal, J.M. Kimble, R.F. Follett, and B.A. Stewart
(eds.), CRC Press, Boca Raton, FL, USA, pp. 459-471.
Paustian, K., C.V. Cole, D. Sauerbeck, and N. Sampson, 1998a: CO2 mitigation by agriculture:
an overview. Climatic Change, 40, 135–162.
Paustian, K., J. Six, E.T. Elliott, and H.W. Hunt, 2000: Management options for reducing CO2
emissions from agricultural soils. Biogeochemistry, 48, 147–163.
Pickett, S.T.A., and P.S. White, 1985: The Ecology of Natural Disturbance and Patch Dynamics.
Academic Press Inc., San Diego, CA, USA, 472 pp.
Poorter, H., 1998: Do slow-growing species and nutrient stressed plants respond relatively
strongly to elevated CO2? Global Change Biology, 4, 639-697.
Post, W.M., R.C. Izaurralde, L.K. Mann, and N. Bliss, 1999: Monitoring and verifying soil carbon
sequestration. In: Carbon Sequestration in Soils. N. Rosenberg, R.C. Izaurralde, and
E.L. Malone (eds.), Batelle Press, Columbus, OH, USA, pp. 41–82.
Powlson, D.S. and D.S. Jenkinson, 1981: A comparison of the organic matter, biomass,
adenosine triphosphate and mineralizable nitrogen contents of ploughed and directdrilled soils. Journal of Agricultural Science, 97, 713–721.
Powlson, D.S., P. Smith, K. Coleman, J.U. Smith, M.J. Glendining, M. Korschens, and
U. Franko, 1998: A European network on long-term sites for studies on soil organic
matter. Soil and Tillage Research, 47, 263–274.
Pregitzer, K.S., D.R. Zak, P.S. Curtis, M.E. Kubiske, J.A. Teeri, and C.S. Vogel, 1995:
Atmospheric CO2, soil nitrogen and turnover of fine roots. New Phytologist, 129,
579-585.
Prentice, I.C., G.D. Farquhar, M.J.R. Fasham, M.L. Goulden, M. Heimann, V.J. Jaramillo,
H.S. Kheshgi, C. Le Quéré, R.J. Scholes, D.W.R. Wallace, 2001: The carbon cycle
and atmospheric CO2. In: Climate Change 2001: The Scientific Basis. Contribution of
Working Group I to the IPCC Third Assessment Report, Intergovernmental Panel on
Climate Change, Cambridge University Press, UK, pp.
Prior, S.A., H.A. Torbert, G.B. Runion, H.H. Rogers, C.W. Wood, B.A. Kimball, R.L. LaMorte,
P.J. Pinter, and G.W. Wall, 1997: Free-air carbon dioxide enrichment of wheat: soil
carbon and nitrogen dynamics. Journal of Environmental Quality, 26, 1161-1166.
Richey, J.E., J.T. Brock, R.J. Naiman, R.C. Wissmar, and R.R. Stallart, 1980: Organic carbon:
oxidation and transport in the Amazon River. Science, 207, 1348–1351.
Richter, D.D., D. Markewitz, S.E. Trumbore, and C.G. Wells, 1999: Rapid accumulation and
turnover of soil carbon in an aggrading forest. Nature, 400, 56–58.
Robles, M.D. and I.C. Burke, 1998: Soil organic matter recovery on Conservation Reserve
Program fields in southeastern Wyoming. Soil Science Society of America Journal, 62,
725–730.

73
Rogers, G., P.J. Milham, M.C. Thibaud, and J.P. Conroy, 1996: Interactions between rising CO2
concentration and nitrogen supply in cotton, I: Growth and leaf nitrogen concentration.
Australian Journal of Plant Physiology, 23, 119-125.
Rogers, H.H., G.B. Runion, and S.V. Krupa, 1994: Plant responses to atmospheric CO2
enrichment with emphasis on roots and the rhizosphere. Environmental Pollution, 83,
155-189.
Ross, D.J., S. Saggar, K.R. Tate, C.W. Feltham, and P.C.D. Newton, 1996: Elevated CO2
effects on carbon and nitrogen cycling in grass/clover turves of a Psammaquent soil.
Plant and Soil, 182, 185-198.
Roulet, N.T., R. Ash, W. Quinton, and T.R. Moore, 1993: Methane flux from drained northern
peatland: effect of persistent water table lowering on flux. Global Biogeochemical
Cycles, 7, 749-769.
Sanchez, P.A., 1995: Science in agroforestry. Agroforestry Systems, 30, 5–55.
Scharpenseel, H.W., and P. Becker-Heidmann, 1994: Sustainable land use in the light of
resilience/elasticity to soil organic matter fluctuations. In: Soil Resilience and
Sustainable Land Use. D.J. Greenland, and I. Szabolcs (eds.), CAB International,
Wallingford, UK, pp. 249-264.
Schiffman, P.M. and W.C. Johnson, 1988: Phytomass and detrital carbon storage during forest
regrowth in the southeastern United States Piedmont. Canadian Journal of Forest
Research 19, 69-78.
Schimel, D.S., 1995: Terrestrial ecosystems and the carbon cycle. Global Change Biology, 1,
77-91.
Schindler, D.W., and S.E. Bayley, 1993: The biosphere as an increasing sink for atmospheric
carbon: Estimates from increased nitrogen deposition. Global Biogeochemical Cycles,
7, 717-733.
Schlesinger, W.H., 1982: Carbon storage in the caliche of arid soils: a case study from Arizona.
Soil Science, 133, 247–255.
Schlesinger, W.H., 1986: Changes in soil carbon storage and associated properties with
disturbance and recovery. In: The Changing Carbon Cycle: A Global Analysis.
J.R. Trabalka, and D.E. Reichle (eds.), Springer-Verlag, New York, NY, USA, pp.
194–220.
Schlesinger, W.H., 1999: Carbon and agriculture—carbon sequestration in soils. Science,
284(5423), 2095.
Schlesinger, W.H., 2000: Carbon sequestration in soils: some cautions amid optimism. Agric.
Ecosyst. Environ. 82, 121-127.
Schlesinger, W.H. and J. Lichter, 2001: Limited carbon storage in soil and litter of experimental
forest plots under increased atmospheric CO2. Nature, 411, 466-469.

74
Schlesinger, W.H. and J.M. Melack, 1981: Transport of organic carbon in the world’s rivers.
Tellus, 33, 172–187.
Schnabel, R.R., A.J. Franzluebbers, W.L. Stout, M.A. Sanderson, and J.A. Stuedemann, 2000:
Pasture management effects on soil carbon sequestration. In: Carbon Sequestration
Potential of U.S. Grazinglands. R.F. Follett, J.M. Kimble, and R. Lal (eds.), CRC Press,
Boca Raton, FL, USA, pp.
Scholes, R.J., 1999: Will the terrestrial carbon sink saturate soon? Global Change Newsletter,
37, 2–3.
Scholes, R.J., E.-D. Schulze, L.F. Pitelka, and D.O. Hall, 1999: Biogeochemistry of terrestrial
ecosystems. In: The Terrestrial Biosphere and Global Change B. Walker, B.,
W. Steffen, J. Canadell, and J. Ingram (eds.), International Geosphere-Biosphere
Program Book Series No. 4, Cambridge University Press, Cambridge, UK, pp. 271–
303.
Scholes, R.J., and N. van Breemen, 1997: The effects of global change on tropical ecosystems.
Geoderma, 79, 9-24.
Schwab, A.P., C.E. Owensby, and S. Kulyingyong, 1990: Changes in soil chemical properties
due to 40 years of fertilisation. Soil Science, 149(1), 35–43.
Scurlock, J.M.and D.O. Hall, 1998: The global carbon sink: a grassland perspective. Global
Change Biology, 4, 229–233.
Semenov, S.M., B.A. Kukhta, and A.A. Rudkova, 1997: Assessment of the tropospheric ozone
effect on higher plants. Meteorology and Hydrology, 12, 36-40.
Sharitz, R.R. and C.A. Gresham, 1998: Pocosins and Carolina bays. In: Southern Forested
Wetlands: Ecology and Management. M.G. Messina and W.H. Conner (eds.), Lewis
Publishers, Boca Raton, FL, USA, pp. 343-377.
Sioli, H., 1984: The Amazon - Limnology and Landscape Ecology of a Mighty Tropical River and
its Basin: Wildlife Planning Glossary. US Department of Agriculture Forest Service,
Boston, MA, USA, 736 pp.
Smith, P., D.S. Powlson, M.J. Glendining, and J.U. Smith, 1997a: Potential for carbon
sequestration in European soils—preliminary estimates for five scenarios using results
from long-term experiments. Global Change Biology, 3(1), 67–79.
Smith, P., D.S. Powlson, M.J. Glendining, and J.U. Smith, 1997b: Opportunities and limitations
for C sequestration in European agricultural soils through changes in management.
In: Management of Carbon Sequestration in Soil. R. Lal, J.M. Kimble, R.F. Follett, and
B.A. Stewart (eds), CRC Press, Boca Raton, FL, USA, pp. 143–152.
Smith, P., D.S. Powlson, M.J. Glendining, and J.U. Smith, 1998: Preliminary estimates of the
potential for carbon mitigation in European soils through no-till farming. Global Change
Biology, 4(6), 679–685.

75
Sombroek, W.G., P.M. Fearnside, and M. Cravo, 1999: Geographic assessment of carbon
stored in Amazonian terrestrial ecosystems and their soils in particular. In: Global
Climate Change and Tropical Ecosystems. R. Lal, J.M. Kimble and B.A. Stewart (eds.),
CRC Lewis, Boca Raton, FL, USA, pp. 375–389.
Sombroek, W.G., F.O. Nachtergaele, and A. Hebel, 1993: Amounts, dynamics and sequestering
of carbon in tropical and subtropical soils. Ambio, 22(7), 417–426.
Sommerfield, R.A., A.R. Mosier, and R.C. Musselman, 1993: CO2, CH4 and N2O flux through a
Wyoming snowpack and implications for global budgets. Nature 361, 140-142.
Stallard, R.F., 1998: Terrestrial sedimentation and the carbon cycle: Coupling weather and
erosion to carbon burial. Global Biogeochemical Cycles, 12, 231–257.
Stockfisch, N., T. Forstreuter, and W. Ehlers, 1999: Ploughing effects on soil organic matter
after twenty years of conservation tillage in Lower Saxony, Germany. Soil and Tillage
Research, 52, 91–101.
Swift, M.J., O.W. Heal, and J.M. Anderson, 1979: Decomposition in Terrestrial Ecosystems.
Blackwell Science Publishers, Oxford, United Kingdom, 372 pp.
Tate, K.R. and B.K.G. Theng, 1980: Organic matter and its interactions with inorganic soil
constituents. In: Soils With Variable Change. B.K.G. Theng (ed.), New Zealand Society
of Soil Science, Lower Hutt, New Zealand.
Teramura, A.H., J.H. Sullivan, and L.H. Ziska, 1990: Interactions of ultraviolet B radiation and
CO2 on productivity and photosynthetic characteristics in wheat, rice, and soybean.
Plant Physiology, 94, 470-475.
Tian, H., J.M. Melillo, D.W. Kicklighter, A.D. McGuire, J.V.K. Helfrich, B. Moore,
C.J. Vörösmarty, 1998: Effect of interannual climate variability on carbon storage in
Amazonian ecosystems. Nature, 396, 664-667.
Tolonen, K., and J. Turunen, 1996: Accumulation rates of carbon in mires in Finland and
implications for climate change. The Holocene, 6, 171–178.
Torbert, H.A., S.A. Prior, and H.H. Rogers, 1995: Elevated atmospheric carbon dioxide effects
on cotton plant residue decomposition. Soil Science Society of America Journal, 59,
1321-1328.
Torbert, H.A., H.H. Rogers, S.A. Prior, W.H. Schlesinger, and G.B. Runion, 1997: Effects of
elevated atmospheric CO2 in agro-ecosystems on soil carbon storage. Global Change
Biology, 3, 513–521.
Townsend, A.R., and E.B. Rastetter, 1996: Nutrient constraints on carbon storage in forested
ecosystems. In: Forest Ecosystems, Forest Management and the Global Carbon
Cycle. M.J. Apps and D.T. Price (eds.), NATO ASI Series I (Global Environmental
Change), Number 40, Springer-Verlag Academic Publishers, Heidelberg, Germany,
pp. 35-46.
Trumbore, S.E., O.A. Chadwick, and R. Amundson, 1996: Rapid exchange between soil carbon
and atmospheric carbon dioxide driven by temperature change. Science, 272,
393–396.

76

Trumbore, S.E., E.A. Davidson, P.B. de Camargo, D.C. Nepstad, and L.A. Martinelli, 1995:
Belowground cycling of carbon in forests and pastures of Eastern Amazonia. Global
Biogeochemical Cycles, 9, 515–528.
Unsworth, M.H. and W.E. Hogsett, 1996: Combined effects of changing CO2, temperature,
UV-B radiation, and O3 on crop growth. In: Global Climate Change and Agricultural
Production. F. Bazzaz, F and W. Sombroek (eds.), John Wiley and Sons, West
Sussex, UK, 345 pp.
Valentin, C., 1996: Soil erosion under global change. In: Global Change and Terrestrial
Ecosystems. B.H. Walker, and W.L. Steffen (eds.), International Geosphere-Biosphere
Program Book Series No. 2, Cambridge University Press, Cambridge, UK, pp. 317338.
Van Ginkel, J.H., A. Gorissen, and J.A. van Veen, 1996: Long-term decomposition of grass
roots as affected by elevated atmospheric carbon dioxide. Journal of Environmental
Quality, 25, 1122-1128.
Van Ginkel, J.H., A.P. Whitmore, and A. Gorissen, 1999: Lolium perene grasslands may
function as a sink for atmospheric carbon dioxide. Journal of Environmental Quality,
28, 1580–1584.
Van Noordwijk, M., C. Cerri, P.L. Woomer, K. Nugroho, and M. Bernoux, 1997: Soil carbon
dynamics in the humid tropical forest zone. In: The Management of Carbon in Tropical
Soils Under Global Change: Science, Practice and Policy. E.T. Elliott, J. Kimble, and
M.J. Swift (eds.), Geoderma, 79, 187–225.
Vitousek, P.M., H.A. Mooney, J. Lubchenco, and J.M. Melillo, 1997: Human domination of
earth’s ecosystems. Science, 277, 494–499.
Walker, B.H., W.L. Steffen, and J. Langridge, 1999: Interactive and integrated effects of global
change on terrestrial ecosystems. In: The Terrestrial Biosphere and Global Change:
Implications for Natural and Managed Ecosystems. Synthesis Volume B. Walker, B.,
W. Steffen, J. Canadell, and J. Ingram (eds.), International Geosphere-Biosphere
Program Book Series No. 4, Cambridge University Press, Cambridge, UK,
pp. 329-375.
Wedin, D.A. and D. Tilman, 1996: Influence of nitrogen loading and species composition on the
carbon balance of grasslands. Science, 274, 1720–1723.
Wieder, R.K. 2001: Past, present and future peatland carbon balance: an empirical model
based on 210-Pb-dated cores. Ecological Applications 11: 327-342.
Winter, W.H., J.J. Mott, R.W. McLean, and D. Ratcliff, 1989: Evaluation of management options
for increasing the productivity of tropical savanna pastures 1. Fertiliser. Australian
Journal of Experimental Agriculture, 29, 613–622.
Woodwell, G.M., F.T. MacKenzie, R.A. Houghton, M. Apps, E. Gorham, and E. Davidson, 1998:
Biotic feedbacks in the warming of the earth. Climatic Change, 40, 495–518.

77
Woomer, P.L., C.A. Palm, J.N. Qureshi, and J. Kotto-Same, 1997: Carbon sequestration
organic and resource management in African smallholder agriculture. In: Management
of Carbon Sequestration in Soil. R. Lal, J.M. Kimble, R.F. Follett, and B.A. Stewart
(eds.), CRC Press, Boca Raton, FL, USA, pp. 153-173.
Young, A., 1997: Agroforestry for Soil Management (2nd edition). CAB International, Oxford,
UK, 320 pp.
Zoltai, S.T., and P.J. Martikainen, 1996: Estimated extent of forested peatlands and their role in
the global carbon cycle. In: Forest Ecosystems, Forest Management and the Global
Carbon Cycle. M.J. Apps and D.T. Price (eds.), NATO ASI Series I (Global
Environmental Change), Number 40, Springer-Verlag Academic Publishers,
Heidelberg, Germany, pp. 47-58.

78

79

CHAPTER 5
SUSTAINABLE AGRICULTURAL PRACTICES DIRECTLY OR
INDIRECTLY CONTRIBUTING TO THE CONSERVATION OF
BIOLOGICAL DIVERSITY
(Ms S. Korsakova - Ukraine)
5.1

INTRODUCTION

Food production, especially high yields, depends on the proper utilization of resources,
the selection of the most suitable varieties of plants and breeds of animals, proper soil
cultivation and nutrition, the timely planting and harvesting of crops; the proper utilization of soil
moisture and where necessary (and possible) irrigation or drainage and the control of weeds,
pests and diseases and the proper storage of harvested products. All these facets of agricultural
technology are weather and climate change sensitive. Climate change can impact agricultural
sustainability in two interrelated ways: first, by diminishing the long-term ability of
agroecosystems to provide food and fiber for the world's population; and second, by inducing
shifts in agricultural regions that may encroach upon natural habitats, at the expense of floral
and faunal diversity. Global warming may encourage the expansion of agricultural activities into
regions now occupied by natural ecosystems such as forests, particularly at mid- and
high-latitudes. Forced encroachments of this sort may thwart the processes of natural selection
of climatically adapted native crops and other species.
While the overall global impact of climate change on agricultural production may be
small, regional vulnerabilities to food deficits may increase due to problems of distributing and
marketing food to specific regions and groups of people. For subsistence farmers, and more so
for people who now face a shortage of food, lower yields may result not only in measurable
economic losses, but also in malnutrition and even famine.
Agriculture is not a wholly benign actor on the environment, as it causes accelerated
soil erosion by water and wind, through cultivation, and often introduces nitrates and other
chemicals into water supplies through the application of chemical fertilizers and pesticides.
Agriculture is an important source of carbon dioxide, methane and nitrous oxide. Land
use change plays a major role in the long-term dynamics of carbon sources and sinks. Since
the beginning of the industrial revolution, land use change has contributed about one third of the
total carbon released to the atmosphere by human activities, and 124 Pg C (Pg = 1015 g C)
during the period between 1850 and 1990 (Houghton 1999).
Agriculture accounts for about 20% of the human enhanced greenhouse effect.
Intensive agricultural practices such as livestock rearing, wet rice cultivation, and fertilizer use
emit 50% of human related methane and 70% of our nitrous oxide. Agricultural soils are a net
source of carbon dioxide but they could be made into a net sink through reduced tillage;
methane emissions from livestock could be cut with new feed mixtures. Waste management
practices should strive to ensure aerobic conditions at all times to minimize potential CH4
releases. Methane from wet rice cultivation can be reduced significantly through the selection
and development of cultivars and changes in the nutrient and water management practices.
Nitrous oxide emissions from agriculture can be minimized by paying closer attention to the use
and management of fertilizer techniques. The goal for CO 2 reductions from the agricultural
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sector should be to make sure that the land is used as efficiently as possible, thereby
maximizing the preservation of non-cultivated areas such as forests.

5.2

LAND-USE AND MANAGEMENT MEASURES

5.2.1

Land-use and management measures include:
•
•
•
•
•
•
•
•
•
•

Sustaining existing forest cover;
Slowing deforestation;
Regenerating natural forests;
Establishing tree plantations;
Promoting agroforestry;
Improving the management of agricultural soils and rangelands (minimum tillage,
mulching etc);
Improving efficiency of fertilizer use;
Restoring degraded agricultural lands and rangelands;
Recovering methane from stored manure;
Improving the quality of the diet of ruminants.

Additionally, the use of biomass fuels to displace fossil fuels could contribute to
reducing net emissions.
Effective policies can help to improve food security. The negative effects of climate
change can be limited by changes in crops and crop varieties, improved water management
and irrigation systems, adapted planting schedules and tillage practices, and better watershed
management and land-use planning. In addition to addressing the physiological response of
plants and animals, policies can seek to improve how production and distribution systems cope
with fluctuations in yields.
Preventive methods of global climate change concerning agriculture are intrinsically
linked to methods promoting sustainable cultivation and sustainable forms of agriculture. In
March 1998 the European Commission adopted legislative proposals for reform of the CAP
based on a package of measures entitled Agenda 2000. The policy document Agenda 2000
reflects the rapidly changing context for European agricultural policy, emphasising a welcome
shift towards a more quality-oriented agriculture policy and towards consideration of the rural
economy as a whole, with emphasis on employment. Sustainability will need to be pursued
through integration across and within all economic sectors (such as transport, energy and
agriculture) and agricultural product markets. Market conditions will need to be created that
enable farmers to promote sustainability while preserving their competitiveness in a global
market. Local policy implementation will need to be promoted and diversity of nature and
products will need to be preserved across the entire agriculture and food chain in such a way
that high standards of environmental protection are achieved. There is a need to recognise and
evaluate those environmental and social impacts, which are not reflected in the price of goods
and services. The role of rural development should be enlarged and the approach made truly
sustainable. The entire CAP reform should be subject to a comprehensive strategic
environmental impact assessment (SEA).
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5.2.2

The comprehensive approach to development of sustainable agriculture
includes:
1.

Agricultural adaptation strategies are ones for which benefits accrue even if no
climate change takes place:
(a) technical innovations;
(b) changes in agricultural land areas;
(c) changes in use of irrigation.

2.

Dissemination of conservation management practices:
(a)
(b)
(c)
(d)
(e)
(f)
(g)
(h)

3.

agricultural drought management;
promoting efficiency of irrigation and water use;
protection of permanently flooded areas;
improved short-term climate prediction;
maintenance of seed banks;
new crop varieties and species;
different crop varieties or species;
investment in agricultural research and infrastructure.

Agricultural policies:
(a)
(b)
(c)
(d)

further control of overproduction;
a reduction of pollution and the promotion of biodiversity;
liberalization of trade;
flexibility of commodity support programmes.

Of particular interest from a biodiversity perspective will be whether avoiding
deforestation is included since conservation of natural forests has very positive impacts on
biological diversity. Converting non-forest land to forest would typically increase the diversity of
flora and fauna, except in situations where biologically diverse non-forest ecosystems, such as
native grasslands, are replaced by forests consisting of single or a few species. Under certain
definitional scenarios, deforestation followed by replanting could be promoted, and in cases
where the original forest was natural, there would be significant negative effects on biological
diversity. Additional activities such as reduced grazing, forest management practices such as
reduced-impact logging and increased rotation time, and agroforestry could provide incentives
for the conservation and sustainable use of biological diversity. However, unless screened out,
certain other additional LULUCF activities, such as fertilization of natural ecosystems defined by
their low-nutrient status or irrigation of water-limited natural ecosystems, could lead to negative
impacts on biological diversity.

5.3

AGRICULTURE OF THE UKRAINE

Reactivating and transforming Ukrainian agriculture and the entire food production
system is central to economic recovery and reform. USAID is assisting Ukraine in restructuring
this priority sector through an agricultural strategy that will focus on one to three regions of the
country in the areas of: 1) financing and developing private sector sources of inputs to
agriculture, and private processing of agricultural products; 2) developing an agriculture credit
program; 3) privatizing agricultural land with special emphasis on restructuring collective
agricultural enterprises into private entities and the issuance of land titles and developing a land
market; 4) reducing the environmental impact of agricultural chemicals; 5) private farm and
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household plot development; 6) privatization of the agro- industrial complex including grain
storage, input and marketing facilities; and 7) implementing new agriculture policies to facilitate
a private- sector based market economy (USAID, 2000).
Table 1

Options for
adapting to
climate
change

Sustainable agricultural practices which would directly or indirectly contribute to the
conservation of biological diversity
Methods promoting
sustainable
cultivation
and Activities promoting biodiversity and sustainable forms of
sustainable forms agriculture
of agriculture
To counter habitat
fragmentation

The
conservation and
sustainable
use of
biological
diversity

Conservation
ecotones

of

The
protection,
restoration
or
establishment
of
biologically diverse
ecosystems
that
provide important
goods and services

Seasonal changes
and sowing dates

Different or new
crop varieties and
species

Technological options
for adapting
to
climate
change

Water supply and
irrigation systems

Technologies
aimed at reducing
erosion
Increasing
organic
levels

soil
matter

Protection
permanently
flooded areas

of

1.The establishment of biological corridors between protected
areas particularly in forests
1.Making collection and storage in gene banks;
2.Dynamic management of populations allowing continued
adaptation through evolution to changing conditions
3.Promotion of on-farm conservation of crop diversity
1. The protection or restoration of mangroves;
2. The rehabilitation of upland forests and of wetlands;
3. Conservation of natural habitats such as primary forests, with
high ecosystem resilience

1. For frost-limited growing areas planting of longer maturity annual
varieties that achieve higher yields;
2. For short season crops (wheat, rice, barley, oats, and many
vegetable crops), extension of the growing season may allow more
crops per year, autumn planting, or a split season with a short
summer fallow (if there are no problems of overproduction)
1. The appropriate change in crop mix, if climate change affects the
relative yield and profitability of one crop in favour of another;
2. Development selective breeding programs for heat and drought
conditions, pest resistance and salt tolerance
1. Drip irrigation systems and other water conserving technologies;
2. Substantial changes in how irrigation systems are managed and
how water resources are priced;
3. Tillage method and incorporation of crop residues
1. Use of biologically intensive management practices (green
manures, cover crops, intercropping, agroforestry, and crop
rotation);
2. The maintenance of ground cover and the introduction of shelter
belts together with minimum tillage and physical protection
measures
1. High residue production, perennial forage crops, elimination of
bare fallow, and reduced tillage will promote carbon sequestration

1. Treating the symptoms, such as constructing flood banks to
control the course of the river;
2. Planting new trees in mountain areas;
3. Redistributing land so that people are not forced to live in flood
areas;
4. Controlling climate change
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Table. 1 (continued)
Methods promoting
Options for
sustainable
adapting to
cultivation and
climate
sustainable forms
change
of agriculture

Technological options
for adapting
to
climate
change

Maintenance of
seed banks

Controlled
environment
agriculture
Flexibility of
commodity support
programmes

Managerial
options for
adapting to
climate
change

Management
adjustments and
improved short term
climate prediction

Research

Preventive
methods of
global
climate
change
concerning
agriculture

1. Maintenance genetic resources in order to allow future screening
for sources of resistance to changing diseases and insects, as well
as tolerances to heat and water stress and better compatibility with
new agricultural technologies
1. Natural and manmade structures as windbreaks for crops, which
effectively reduce evaporation and evapotranspiration, modify daily
temperature variations;
2. Plastic films or mulches: white plastic reduces soil temperature,
black increases soil temperature
1. Commodity support programs often discourage farmers from
changing cropping systems, and this may hinder adaptation to
climate change
1. The providing by information about climatic conditions and
patterns, sound preparatory practices and options for the
eventuality of drought, and appropriate insurance programs

1. Removing barriers to international trade in agricultural
commodities, as under the General Agreement on Tariffs and
Trade (GATT), should help the world food system to adjust to
climate changes more efficiently and rapidly
1. A better definition of what changes will occur where;
2. Prudent investments, made in a timely fashion

Liberalization of
trade

Managerial
options
to
curtail
deforestation

Activities promoting biodiversity and sustainable forms of
agriculture

Avoiding
deforestation of
natural forests
Reforestation with
native trees

Forest management (reduced-impact logging, extended rotation)

Afforestation with
native trees on
degraded land

Methods
sustainable
cultivation

of

Revegetation (establishment of native vegetation, natural
regeneration, agroforestry);
Reduced tillage agriculture;
Reduced grazing (reductions in overgrazing)
1. A reduction of emissions of nitrous oxides by controlling nitrogen
fertiliser;
2. Significantly reducing emissions of methane from wet rice
cultivation through the selection and development of cultivars and
changes in irrigation and fertilizer use;
3. Field burning of agricultural residues;
4. The use of more energy efficient agricultural implements

One of the most important problems of Ukraine is soil erosion and degradation of
agricultural landscapes. Industrial expansion strategy which had been declared as far back as in
early thirties and existed until recently has resulted in a decrease of the area of arable lands
with naturally rich soil, famous so-called Ukrainian "chernozem". This was the main reason that
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during the last 25 years the area under agricultural use has become 1.3 times less. Besides
that, the practice of an extensive agriculture has led to the situation that the level of cultivation is
several times greater than at all west European countries (Fig. 1). This caused significant
erosion. The amount of fertile soil that is annually washed out of the fields, as well due to
inappropriate agricultural technology and techniques, is estimated to be 4 million tons.
Totally, about 25 million ha of the land in Ukraine (80% of arable land) is affected by
erosion. Due to that phenomenon, the average agricultural losses of crops in about 2 million ha
of land in the western areas are 40%. Because of the post-war deforestation and popular
practice of monocultural spruce plantations in the Carpathians, erosion is widely spread and is
locally extremely strong in the mountains, where it often causes disastrous windfalls. Annual
average losses from erosion and floods are estimated to be 200 million Rubles. (in prices of the
year 1980). Another negative consequence of inadequate human activity is the degradation of
wetlands, especially in the northwestern region - Polissja, where intensive amelioration has
taken place until the early 1980s (Gensiruk, 1992).

Fig. 1

Structure of land resources in Ukraine on 1January 1999 (Data of State Committee of
Statistics of Ukraine)

Under the pressure of human activity, forest area has perceptibly been decreasing and
its species composition and age structure have been changing. During the last 500 years, forest
area has been reduced to one third (Gensiruk and Nizhnik, 1995). Because the Ukrainian
forests are on the frontier with the steppe zone, deforestation may result in more complicated
ecological consequences than in any other part of Europe.
Comparison of the cartographic data of G. de Beaplane with the map of the forests in
the first millennium (Fig. 2) AD testifies to the considerable reduction of the wooded area. The
map of the forests in 19th-20th centuries (Fig. 3) was made on the basis of research of
G. Tanfilyev and Y. Gladylovich. It testifies to the fact that on the places of unbroken
impenetrable dense forests of Polissja and partially wooded steppe, there remained only small
forests. These forests alternated with prevailing steppe. In comparison with the first millennium
AD, wooded area of this zone had been reduced 4 - 4.5 times. In the forest-steppe, deciduous
forests occupied 3/4 of the wooded area, conifer forest occupied about 25% of it. Forest of
Polissja underwent particular devastation. Forest in the steppe generally persisted on the
hillsides forming the so-called bairac bushes, in river valleys (flood-plain forests), on sandy river
terraces (pine forests).
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Fig. 2

Originally wooded area (first millennium AD, reconstruction), s 1:12 000 000.
Source: Maria Nijnik, 2000)

Fig. 3.

Ukrainian forests in the 20th century, s 1:12 000 000. (Source: Maria Nijnik, 2000)

Very important for conditions of Ukraine are water and soil protective functions of
forests. Forest decreases surface water flows, slows down a process of snow melting, water
penetrates deeper into the soil, stabilizing the stocks of groundwater, decreasing floods and
supporting river regimes. An increase of wooded share by 10% decreases undersoil infiltrating
water flows by 10-15 mm, that improves energy potential of rivers, enables to use them more
effectively for economic purposes. Water regulatory impact of forests is especially important for
the Carpathian region, where an average annual amount of rainfall is 800-1100 mm and in the
mountains up to 1400-1600 mm. During wintertime, about 1000 m3 of water per 1 ha is
accumulated in the Carpathians. Forests keep snow, it melts slowly and water gradually comes
down to the valleys. The Carpathians annually evaporate almost 20 km3 of water, providing
moisture to the unwooded areas of Europe.
Nowadays general water consumption in Ukraine is around 36 km3. About 68% of
water is consumed by industry and communal economy and 8.1 mlrd. m3 is going to agriculture.
Water resources in the country are limited. Deficit of clean water is growing and it is caused not
only by growing water consumption (twice during the last 15 years), but also by water pollution.
Forests purify water, clean it up from pesticides and chemicals in average by 60-90%, decrease
bacteriological contamination on average by 20 times. Mineral ingredients, such as phosphates
are absorbed. Forest belts of 10m absorb 45-55% of dissolved in water ammonia, 73-93% of
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phosphorus, and 2.8-4.7% of nitrates. Therefore, in order to decrease a deficit of drinking water
instead of creating big and expensive artificial water storages (seas), which, by the way, impact
the environment, it is more wise to extend wooded area in Ukraine by afforestation of
wastelands and sands on the area of 2 mil. ha (Gensiruk, 1994).
Afforestation that is widely used as an environmental policy measure (Table 2), also
prevents spreading of erosion which according to L.Brawn (1987) is a graduate and silent
catastrophe. The process of deforestation during the last century has resulted in the fact that
23% of arable lands of the world became infertile. Nowadays 26 mlrd. T of soil is lost worldwide
that is equal to 9.3 mil. ha of arable lands (Gensiruk,1994). If erosion is further spread with such
intensity, this will cause considerable losses in productivity of 1/3 of arable land. Forests use
ground water for transpiration; they decrease soil's humidity and prevent erosion. In conditions
of Ukraine, it is especially important for the Carpathian mountainous region, where erosion
causes disastrous windfalls, floods etc. and for the steppe zone, where it results in waking up
sands.
Nowadays, 25% of arable land of the country are under various stages of water
erosion. To prevent their destruction and to increase their productivity, more than 1.2 mil. ha of
protective wooded belts, including almost 0.5 mil. ha around fields have been created.
Protective forests protect more than 13 mil. ha of arable land and according to the estimations
of the scientists, productivity on such lands is 10-36% higher, than that on unprotected fields.
Totally in Ukraine, extra yield received by rising productivity on the land protected by forest belts
is equal to the yield that could have been received from 0.85-1 mil. ha of unprotected fields.
Especially protective wooded areas are helpful in periods of extreme weather conditions, when
they save the soil and the harvest. Specialists predict that up to the year 2010, forest
ameliorative fund against erosion will be used by 61% (Gensiruk, Bodnar, Koval, 1990). Thus,
risk from extreme weather would be minimized. If one can achieve complete protection of fields
by creation of field protective wooded belts, additional yield would be obtained that is equal to
the yield received from 2.5-3 mil. ha of unprotected fields. Creation of protective forests is an
environmental policy measure and also a form of introduction into a productive activity the lands
that previously have not been used in the economy. After creation of protective lands and belts,
positive effect is obtained, both economic and environmental. Protective forests result in
increasing productivity of agriculture (also in husbandry), decreasing expenses on repairing and
keeping in an appropriate order railroads, rivers, motorways, improving health of people,
decreasing expenses on health care, rising labour productivity. According to the estimations of
Iliev and Gordienko (1980), 1 ha of the following forest protective land enables one to receive
from 1 ha of the field which is protected net income (in rubbles, prices for the year 1980) as
follows: field protective forest -28; ameliorative protective zone-20; protective land along
ravines-10; protection against sand-133; pastures-8; belts along rivers-5.
Exhaustion of natural resources and the degradation of the nature in Ukraine become
powerful arguments for a growing public awareness. For the main concept of sustainable
development, we based ourselves on the definitions of the IUCN's document "Caring for the
Earth". Ukraine joined the Convention on Biological Diversity in 1992, participates in the projects
on preservation of biological diversity in delta of the Danube river and in the Eastern
Carpathians. It signed about 30 international agreements in the sphere of environmental
protection, including "Protocol on the 30% decrease of the sulfur outputs" (1986), "Vienna
convention on the protection of ozone layer" (1988), "Protocol on limiting of nitrogen oxides
outputs or their transboundary current"(1988).
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Table 2.

Activity on repeated afforestation, 1993-1998 years (th. ha)
Years
Repeated afforestation Anti erosion Windbreaks
protective
Total
Including manmade plantations
afforestation
plantations
By
plan

the

26.1

11.1

2.0

28.

1993
Actually
29.7
26.8
11.3
2.0
%
103
108
102
By
the 31.8
28.6
12.1
1.8
plan
1994
Actually
33.1
29.6
12.3
1.8
%
104
103
102
By
the 35.4
31.9
13.9
2.0
plan
1995
Actually
38.4
33.9
14.2
2.0
%
108
106
102
By
the 37.3
33.6
14.2
2.1
plan
1996
Actually
38.4
34.3
12.1
1.4
%
103
102
85
By
the 37.1
33.0
7.7
1.0
plan
1997
Actually
38.5
33.5
7.9
0.9
%
104
102
103
By
the 28.8
24.2
3.4
0.3
plan
1998
Actually
30.2
24.8
3.3
0.3
%
105
102
97
By
the 199.2
177.4
62.4
9.2
In total plan
for six Actually
208.3
182.9
61.1
8.4
years
%
105
103
98
Source: State Report about preservation of BIOLOGICAL DIVERSITY, 2000

100

100

100

67

90

100

91

The National environmental policy is formulated in the "Law on the Environmental
Protection" (1991) and the following (1993) laws: "On the Conservation and Development of
Areas of Natural Reserves", "On the Protection of the Atmospheric Air", "On the Protection and
Rational Use of the World of Plants", "On the Protection and Rational Use of the
Animals' World", "Forest Codex of Ukraine", "On the Zones of Extreme Environmental
Situations", "Water Codex of Ukraine" etc. Long-term policy of environmental protection and
wise use of the natural resources has been worked out as well in comprehensive programs. The
program "Control on the Environment and the Black Sea Protection" has been developed in
co-operation with the other countries of the Black Sea basin. Other important programs are the
Program of Perspective Development of Natural Reserves in Ukraine ("Zapovidnyky", 1994) and
the National Scientific Technological Program "Forest" ("Lis", 1994). The "Forest" program is
devoted to the regeneration, protection and wise use of forest resources of Ukraine till the year
2015. Both documents are in concordance with the IUCN Program "Conservation and wise use
of natural and seminatural forests in Central and Eastern Europe".
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The main Ukraine's environmental policy documents of different levels take into
consideration the necessity of conservation of biological diversity, maintenance of productive
capacity of forest ecosystems, support of natural ecosystems health and vitality, conservation
and protection of soil and water resources, improving of sanitary-hygienic conditions, enhancing
natural ecosystems' contribution to global cycle and climate stability, decreasing acidification
and air pollution, elimination of the consequences of nuclear contamination and prevention of
the hazard accidents for the future, with providing a long-term multiple social-economic benefits
from the wise use of natural resources.

5.4

USE OF LAND IN CRIMEA

Crimea, a large peninsula off the southern coast of Ukraine jutting into the Black Sea,
is comprised of steppe grasslands, mixed steppe and forests belts, and forested mountains with
unique high-mountain meadow areas. The peninsula's flora and fauna reflect a mix of temperate
and boreal species with Mediterranean influence along the coast. High endemism, particularly
of vegetation, and strategic location on the bird migratory corridors between Central Asia and
Africa, make Crimea an important priority for biodiversity conservation.
The guarded terrains in Crimea occupy 4 % of terrains, that it is less than 10 %
recommended by the experts. To natural landscapes it is possible to attribute only 25-30 % of
terrain, and practically all of them secondary. 10 % of them are forests (from them only smallest
part has an initial parentage), 13 % - steppe, which by associations, is depauperated because
of pasture, and 7 % - by meadow Prisivash’ya, practically not suitable for agricultural use.
Almost 50 % of terrain of Crimea is ploughed up, and croplands occupy about 70 % of the
areas.
Collectivization of an agriculture (1930 years), integration of farming system in
1950-1960 and large scale irrigation between 1960-1970 have determined the enlargement of
rotation crops and fields, that has resulted in the insufficient differentiation landscape. The
dimensions of fields amounts to 100 and more hectares. This also was promoted by
concentration and specialization of agriculture.
Thus, second half the 20th of century has passed in an atmosphere with decreased
attention to natural differentiation of the region that undoubtedly, was reflected in profitability of
farming, its decrease, though because of intensification of production we observed only body
height of productivity and other economic parameters.
Last years the tendency to more fully take into account the region’s landscape diversity
manifests with new force that is connected to two groups of causes:
1.

The new economic attitudes nascent within the Commonwealth of Independent
States and demands taking into account market criteria; especially change of the
prices on energy resources. It results distinctly on the tendency to put away part of
agricultural soils from use (first of all, underproductive agricultural cropland) and
the need for more delicate account of natural properties of the ground areas.

2.

Deterioration of an ecological situation on a global scale and at level of
international organizations, the recognition of necessity of transition to sustainable
development based on detailed elaboration of anthropogenic influence on natural
complexes, taking into account their different stability and anabolic capacity.
Therefore, it is necessary to determine the amount of fertilizer and chemical

89
pest-killers application; and size of irrigation. It is necessary to discover all
landscape complexes down to the smallest - phases. Then it is necessary to
organize in each landscape complex its own system of agricultural use.
Hence, it is important to emphasize the necessity of the use of individual norms of
designing and abandoning standard decisions. The individual approach (at use in necessary
cases and typical) will allow increasing the efficiency of production greatly.
The ratio of the land, existing in Crimea, is irrational simultaneously from ecological,
economic and social positions. At first, it does not correspond to norms (60 % on 40 %): thereby
Crimea does not make corresponding contribution to ecological stabilization of ecumene,
including oxygen production. The ecological stabilization is sufficient at the level of a region: the
invasions of the depredators of forests, which have become frequent during the last years, and
necessity of the use of lot of chemical pest-killers to annihilate the depredators of agricultural
cultures testify to it. As a result there is a circuit of consequences: chemical pest-killers
annihilate the depredators and by that reaches momentary effect. Many other species of
organisms in biocenoses are also simultaneously annihilated and this results in infringement of
equilibrium and to new outbreak of number depredators.
The large areas of anthropogenic landscapes contribute to deterioration of quality of
superficial and underground waters of region.
The economic inexpediency of land structure at present is caused by large energy
consumption and of labour on processing of agricultural fields, which area covers almost half of
terrain of Crimea. The large area tillage with small and average productivity is economically
unprofitable, and the increase of productivity at the expense of irrigation (380000 ha or 14 % of
terrain of region) has required additional power inputs (on water pumps) and is accompanied by
set of negative consequences (flood, dehumification, secondary salification, etc.).
More economically advantageous is the reduction of the area of tillage and
augmentation of productivity of agricultural cultures on the areas. The consumptions of
lubricant in that case are reduced; the amortization of machines is decreased.
Today, the system of land is irrational. With the social requirements and insufficient
area of recreational land (that especially evidently in a flat country), there is low environmental
quality, and the poor economic parameters result in a low zoetic level of the people.
There arises a task of defining and revealing those fields (mainly in a flat part of
Crimea), which are necessary to transfer into other phylum of nature management. The most
evident changes on steps to take are:
1.
2.
3.
4.

Creation of national natural park;
Protection and conservation of typical landscapes, of petering ecosystems, of rare
landscapes etc.;
Withdrawal from agricultural use of low-yield lands (approximately half of existing
area);
Increase of landscapes developing on the basis of natural processes (that is,
retentive characteristics of a natural self-regulation) up to 60 %.

The ecosystems deserving conservation and can be petered include natural-economic
complexes, such as agrolandscape and cultural landscapes. It is necessary to create
agrolandscape reservations, whose functions would consist both in conservation of natural
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complexes; in rational development of land resources; in conservation of the historically usual
forms of agriculturekeeping; and in traditional forms of activity of the population, of trade, of
ecologically rational types of cultivation of land. Simultaneously, in such reservations, the new
forms of conducting agriculture should be developed, museums created, innovations introduced
including antierosive systems and systems without use pest-killers, etc.
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COMPANION NOTE TO CHAPTER 51
(Dr. W. Baier - Canada)
5.1

BACKGROUND

The Commission for Agricultural Meteorology (CAgM) at its 11th Session in Havana,
Cuba, 13-24 February 1995, recognized that there are important implications for CAgM resulting
from the outcome of United Nations conference on Environment and Development (UNCED)
held in June 1992 in Rio de Janeiro, Brazil. The Commission therefore decided to appoint Joint
Rapporteurs on UNCED Follow-UP, to examine these challenges and to determine their
implications to the mandate of the Commission (Res. 17, CAgM-XI)
The final report was distributed as CAgM Report No. 77 (WMO/TD No. 988). The report
deals with the Rio Declaration on Environment and Development (Section 2), UNCED Agenda
21 (Section 3), International Convention to Combat Desertification (Section 4), Framework
Convention on Climate Change (Section 5), Convention on Biological Diversity
(CBD)(Section 6), and Statement on Forest Principles (Section 7).
Examples of
National/Regional UNCED Follow-up relevant to Agricultural Meteorology were given for
developed, less developed and developing countries (Section 8). New Proposals for CAgM
Activities were included in Sections 4 to 7.
At CAgM-XII, the Commission noted again that a number of activities in the Convention
on Biological Diversity were of interest to the work of the Commission and that there were major
interactions between climate and biological diversity. The Commission therefore adopted Res.
17 (CAgM-XII) and invited Mr. Momodou Bah (The Gambia) to act as coordinator of the joint
rapporteurs. One of the joint rapporteurs, Ms. Svetlana (Ukraine) , prepared a report on
Sustainable Agricultural Practices which would directly or indirectly contribute to the
Conservation of Biological Diversity (Res. 17, Decides, Item 1 d. In December 2001, Dr. Baier
(Canada) was invited to prepare this companion note.

5.2

UNCED AND CBD

This companion report, as well as other contributions prepared by the joint rapporteurs,
is in part CAgM’s response to the challenges for applying agrometeorological knowledge to
promoting enhanced biodiversity, arising from the 1992 United Nations Conference on
Environment and Development and in particular to the Convention on Biological Diversity
signed at UNCED and ratified in 1993.
The objectives of CBD are the conservation of biological diversity, the sustainable use
of its components and the fair and equitable sharing of the benefits arising out of the utilization
of genetic resources, including by appropriate access to genetic resources and by appropriate
transfer of relevant technologies, taking into account all rights over those resources and to
technologies, and by appropriate funding (Article 1).
The Convention has three main goals:
1

Prepared by Dr. Wolfgang Baier, Canada, as companion note to Ms. Korsakova’s

report.
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1.
2.
3.

The conservation of biodiversity,
Sustainable use of the components of biodiversity, and
Sharing the benefits arising from the commercial and other utilization of genetic
resources in a fair and equitable way

CAgM could contribute especially to Items 1 and 2 of the above goals.

5.3

SCOPE OF AGRICULTURAL BIODIVERSITY

The Conference of the Parties (COP) of CBD recognized “the special nature of
agricultural biodiversity, its distinctive features and problems needing distinctive solutions”
(Decision V/5, Appendix).
The scope of Agricultural Biological Diversity includes all
components of biological diversity of relevance to food and agriculture. This includes:
1.

2.

Genetic resources of harvested crop varieties, livestock breeds, fish species and
non-domesticated ("wild") resources within field, forest, rangeland and aquatic
ecosystems;
Biological diversity that provides ecological services such as nutrient cycling, pest
and disease regulation, pollination, maintenance of local wildlife, watershed
protection, erosion control, climate regulation and carbon sequestration.

Even before the above Decision was passed, WMO supported the concept of a Note
entitled "Consideration of Agricultural Biological Diversity under the Convention on Biological
Diversity" prepared by the Executive Secretary of the Convention on Biological Diversity
(UNEP/COP/3/14 of 22 September 1996). The Note outlines the major issues related to the
conservation and sustainable use of agricultural biological diversity in the context of the three
objectives of the Convention and identifies options for action. It stresses the importance of
making transitions towards sustainable agriculture.

5.4

CONCEPTS OF AGRICULTURAL BIOLOGICAL DIVERSITY2
Two fundamental issues of agricultural biodiversity are closely linked with climate:
1.

The fundamental requirement for the conservation of biodiversity is the in situ
conservation of ecosystems and natural habitats. A thorough understanding of the
climates of these ecosystems and habitats is crucial for the development of
effective conservation strategies.

2.

Sustainable use of the components of biodiversity also depends on clear
recognition of the climate limits to their exploitation.

Traditional farming communities and their agricultural practices have made a significant
contribution to the conservation and enhancement of biodiversity and these can make an
important contribution to the development of environmentally sound agricultural production
systems.
Inappropriate use of and excessive dependence on agrochemicals has produced
substantial negative effects on terrestrial systems, including soil, coastal and aquatic organisms,
thus affecting biological diversity indifferent ecosystems.
2

Sources: CAgM Report No.77 and WMO Secretariat Note under Agenda Item 10.4,
AWG meeting, November 1997.
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Provision of a better understanding of the climate of the major ecosystems of the world
where biological diversity is at risk could help develop effective in situ conservation strategies
and agricultural practices.

5.5

CONSERVATION STRATEGIES AND AGRICULTURAL PRACTICES

Agricultural production utilizes natural resources of diverse ecosystems worldwide and
is the economic activity most representative as far as extensive land-use is concerned - nearly
one third of the world's land area is used for food production. Serious adverse effects may occur
on biological diversity at on and off-farm levels. Most of the world's biological diversity on land is
harbored by areas under exploitation by humans; consequently, conserving biological diversity
implies improving the ways in which agricultural ecosystems are managed and farming
practices are employed.
Examples of strategies for agricultural biodiversity enhancement were identified as
follows3
1.

Maintenance of land productivity through adoption and use of sustainable
agricultural farming systems (environmentally friendly inputs, appropriate and
socially acceptable technology and indigenous species);

2.

Provision of support services and post-harvest facilities to allow farming families to
mix livelihood opportunities that reduce pressure on the land base;

3.

Management and conservation including rehabilitation of critical resources through
"ecosystem approach" (i.e. rational multi-functional land use and efficient water
use);

4.

Efficient use of agricultural lands through promotion of research and development
on the utilization of indigenous materials in pest control;

5.

Maintenance of optimum level of lands devoted to agricultural use in order to meet
the sustainability of the agricultural ecosystem.

Examples of agricultural practices for biodiversity enhancement are as follows:
1.
2.
3.

5.6

Organic agriculture
Carbon sequestration by terrestrial ecosystems
Adaptation measures.

ORGANIC AGRICULTURE4

Which promotes the use of diverse species, local cultivars and breeds and local
knowledge, can be considered as custodian of agro-biodiversity. Organic farmers develop and
nature traditional varieties, races, foods and processes, such as:
3

For details see: CAgM Report No. 77, Section 6.3

4

Extracted from: Implementing the Convention on Biological Diversity - Organic
Agriculture can help, prepared by Nadia Scialaba, FAO SDRN, Rome March 2001
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5.6.1

Endemic genetic diversity

Because organic farmers cannot use synthetic pesticides, seeds and breeds should be
disease resistant and resilient to climatic stress. Therefore, organic practices aim to recover
indigenous crop varieties and regenerate landraces with distinct quality characteristics.

5.6.2

Diversified species

Crop rotation, which is an important requirement inorganic system to build soil fertility,
often introduces indigenous food crops and other under-utilized plants in the agro-ecosystems;
this indirectly conserves important genotypes.

5.6.3

Diversity of traditions and products

Organic agriculture offers a feasible option for local growth through strategies that add
value to traditional agro-biodiversity processing techniques. It encourages a diversity of food
habits and tastes and does link products to their culture.

5.7

CARBON SEQUESTRATION BY TERRESTRIAL ECOSYSTEMS

The management of agricultural lands and rangelands can also play an important role
in enhancing carbon sinks and in reducing current emissions of carbon dioxide, as well as
methane and nitrous oxide. Land-use and management measures include:

1.

Sustaining existing forest cover;

2.
3.
4.
5.
6.

Slowing deforestation;
Regenerating natural forests;
Establishing tree plantations;
Promoting agroforestry;
Improving the management of agricultural soils and rangelands (minimum tillage,
mulching etc);
7. Improving efficiency of fertilizer use;
8. Restoring degraded agricultural lands and rangelands;
9. Recovering methane from stored manure;
10. Improving the quality of the diet of ruminants.

Some of these options could have positive or negative impacts on biological diversity.
For example, the inclusion of land use, land-use change, and forestry activities could potentially
promote the conservation and sustainable use of biological diversity.
Converting non-forest land to forest would typically increase the diversity of flora and
fauna. But there is also a risk of negative impacts on biological diversity, in cases where native
grasslands are replaced by forests consisting of single or a few species.
Table 1 provides an indication of whether potential land use, land-use change and
forestry activities have likely a positive, neutral or negative effect on biodiversity.

5.8

ADAPTATION MEASURES

The ecosystem approach as adopted by the Conference of the Parties on Biological
Diversity (Decision V/6, Annex) provides a framework for adaptive measures involving the
conservation and sustainable use of biological diversity. For example:
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The rehabilitation of upland forests and of wetlands can help regulate flow in
watersheds, thereby moderating floods from heavy rain and amelioration water quality;
Conservation of natural habitats such as primary forests, with high ecosystem
resilience, may decrease losses of biodiversity from climate change and compensate for losses
in other, less resilient, areas.

5.9

CONCLUSIONS

Agricultural practices may have positive or negative effects on biodiversity depending
on the specific characteristics of the case concerned. Some practices may have positive
impacts on some components of biological diversity, or at certain levels, but negative impacts
on others. Examples are shown in Table 1. Impact assessments may be necessary to
determine likely impacts in some cases.

5.9.1

Negative impacts

Decisions by the COP of the CBD5 and other related documents dealing with impacts of
agriculture on biodiversity claim that unsustainable agricultural practices have caused negative
impacts on biological diversity, world-wide, at all levels - ecosystem, species and genetic - on
both natural and domestic diversity.
They have resulted in the large-scale degradation of agro biodiversity and habitats
through the destruction of biotic and abiotic resources, as well as by threatening the natural
resource base to agriculture and through socio-economic problems created by destruction of
the local resource base. Causes for this degradation are given as: Inappropriate reliance on
monoculture, over-mechanization, and misuse of agricultural chemicals, which diminish the
diversity of fauna, flora and micro-organisms, including beneficial organisms. Expansion of
agriculture to frontier areas, including forests, savannahs, wetlands, mountains, and arid lands,
combined with overgrazing, and inadequate crop management and pest control strategies are
said to have contributed to degradation of biological diversity, as well as to the loss of the
cultural diversity of traditional communities.

5.9.2

Positive impacts

However, the same sources also state that agricultural practices have facilitated
enhanced biodiversity as a result of both traditional and modern sustainable farming practices.
Agricultural ecosystems can provide habitats for plants, birds and other animals. Many
agriculturalists have made strong efforts to preserve biological diversity important to agriculture,
both in situ and ex situ. Currently, progress is being made in many regions of the world in
implementing biological diversity-friendly agricultural practices in soil conservation, withdrawing
production from marginal areas, mastering chemical and nutrient runoff, and breeding crop
varieties, which are genetically resistant to diseases, pests and abiotic stresses.
The WMO Commission for Agricultural Meteorology has acquired over many years a
wealth of knowledge and technology, which can be used for developing sustainable agricultural
practices contributing to the conservation of biological diversity. The interlinkages between
climate change and biological diversity have to be recognized in order to develop more
comprehensive scientific advice to integrate climate change mitigation measures with the
conservation and sustainable use of biological diversity.
5
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Table 1

Potential impact of land use, land-use change and forestry activities on biological
diversity

Likely impact on
biodiversity

Afforestation, reforestation, deforestation

Additional activities
Avoiding deforestation of natural forests

Strongly
Positive
Positive

Reforestation with native trees

Forest management (reducedimpact, logging, extended rotation
Revegetation (establishment of
native vegetation, natural
regeneration, agroforestry)
Reduced tillage agriculture
Reduced grazing (reductions in
overgrazing)
Net neutral or Reforestation (other)
Forest management (other)
uncertain
Afforestation (other
Crop management
Revegetation (other)
Negative
Afforestation on other native ecosystems Drainage of wetlands
(e.g. Natural grassland or savannah)
Fertilization of nutrient limited
Conversion of natural forests to plantations
natural ecosystems
Irrigation of water limited natural
ecosystems
Source: Abstracted from UNEP/CBD/SBSTTA/6/11 Annex I, Table 1,
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CHAPTER 6
SUMMARY AND RECOMMENDATIONS
(M.P. Bah - Gambia)
6.1

SUMMARY

From an overview of the submissions and the literature review of the documents
pertaining to the subject matter of this rather broad topic, it could be summarized that climate
change affects biodiversity but human induced modifications of the terrestrial ecosystems have
been recorded to account for the major loss of biodiversity.
Changing patterns of climate affects the natural distribution pattern of species and
communities. Rising surface temperatures, sea temperatures and sea levels, which reduce sea
ice and cause, salt water intrusion and the elevation of salinity levels do also affect biodiversity
of aquatic fauna and flora.
The biodiversity of Sensitive Ecosystems mentioned by Ms. Korsakova are also
affected by varying climatic parameters, land use and other anthropogenic activities such as
agro- forestry practices, deforestation and soil erosion.
Changes in atmospheric CO2 and the global impact of climate through the interacting
effects of the physio-biochemical and socio-economic factors at the local, national, regional and
global levels accounting for the complex phenomena of desertification must be closely
monitored. A significant change will have a reciprocal significant change in the distribution of
fauna and flora. Under climate change leading to more homogeneous conditions with fewer
plant species, there is a tendency for the significant reduction in the overall avian biodiversity.
Rises in temperature will also cause coral bleaching and coral loss, which estimated at
10% in 1999 by (Crosby et al), may rise to 20-30% within the next 10-20 years. Also increases
in temperature, light and light intensity ratios of bottom water will all affect deep-sea benthic
species biodiversity and the overall biodiversity of marine fauna and flora.
Reviewing specifically deforestation effects on climate change and their impacts on
biodiversity, Mrs. V. Grigoryan, focusing on the Republic of Armenia on this issue, highlighted
that as a result of deforestation, forest cover in the Republic of Armenia has been declining and
this is largely responsible for biodiversity loss within the Republic.

Because tree covered areas are diminishing now due to long-term impacts of climate
and anthropogenic factors, (the later having more extreme effects on forest habitats) the age
class structure and species composition have been significantly changed through
desertification.
Therefore in Armenia, it is imperative that State Reserves are established to ensure the
highest degree of protection for important habitats and species. This calls for adopting new
policies in Armenian forestry to protect and preserve their local forest species by boosting
agricultural production, slowing the rate of population growth and adoption of sustainable forest
management policies and the judicious harvesting of commercial timber. Without such moves,
deforestation in Armenia will result to warming and desertification with negative consequence
on climate, ecosystems and biodiversity.
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Reviewing the effects of global change on carbon sequestration, Dr. O. Hendrickson
asserts that the influence of global change on carbon sequestration on agricultural and forest
soils will depend largely on the net balance between the carbon inputs and outputs. While the
inputs of carbon to the soil are mainly the undecomposed plant litter of roots, leaves, branches
and stems (all being the product of photosynthesis) the carbon output comprise mainly the
degradation or respiratory activities of soil micro fauna and flora.
Identifying the three categories of underground carbon as inert (recalcitrant), stable
(slow release) and labile (active), and noting that it is more difficult to measure because of the
unstable nature of its organic matter, Dr. O. Hendrickson confirms that it is easier to measure
the above ground carbon stocks containing animate organisms and undecomposed inanimate
fauna and flora.
It is important to note therefore that agricultural soils will be low in carbon due to
cropping activities, while peat soils found mainly in wetlands, drained or waterlogged, will have
higher carbon stocks. In agricultural soils, carbon stocks can be increased through the use of
cover crops and the adoption of agro forestry systems in the degraded lands.
Desertification and erosion reducing the productive capacity of agricultural systems will
cause significant loss of soil carbon. Thus soil conservation and rehabilitation measures to
counteract excessive erosion, over grazing, desertification and salination is necessary to rebuild
carbon stocks in degraded ecosystems.
Still on the issue of carbon sequestration by Dr. O. Hendrickson, it is important to note
that land use and the overall impacts of global change on photosynthesis and respiration are all
important functions in carbon sequestration. Deforestation and conversion of forest to other
land uses reduces soil carbon levels. Proper management of grazing lands and the use of
nitrogen and phosphorous fertilizers ensuring increase overall biomass are important for the
maintenance and increase of soil carbon pools.
Wetlands provide the greatest source of the world’s soil carbon i.e. 20 - 25% in the
form of peat, even though wetlands occupy only 5% of the world’s land area. Up to 70 – 90% of
the wetlands are in the boreal and temperate regions leaving 10 – 30% in the tropics. Wetlands
are therefore a major global carbon reservoir.
Since change due to anthropogenic factors have the greatest impact on biodiversity,
the submission on sustainable agricultural practices that would directly or indirectly contribute to
the conservation of biological diversity is therefore very crucial to the study.
The submission by Ms. S. Korsakova and Dr. W. Baier have revealed that agriculture is
crucial to the survival of man since it is primarily concern with the production of basic resources
for food, shelter and clothing.
As cited by both Ms. Korsakova and Dr. Baier, various agricultural policies and
programs involving differing farming systems, the selection, timely planting and harvesting of
appropriate crop varieties, efficient and effective poultry and livestock production systems, the
control and management of both plant and animal pest and diseases and the proper storage
and utilization of various crop and livestock products will all have positive impacts on the
maintenance and increase of biodiversity.
Dr. Baier reminding us about the objectives of the CBD, did not also fail to highlight that
the CAgM has acquired over many years a wealth of knowledge and technology, which can be
used for developing sustainable agricultural practices contributing to the conservation of
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biological diversity, and that agricultural practices may have positive or negative effects on
biodiversity depending on the specific characteristics of the case concerned. Some practices
may have positive impacts on some components of biological diversity, or at certain levels, but
negative impacts on others. Impact assessments may be necessary to determine likely impacts
in some cases.
Citing Agriculture of the Ukraine as an example where Agriculture is indispensable to
its economy, Korsakova highlighting that USAID is currently involved in the restructuring of this
sector, noted that soil erosion, degradation of agricultural landscapes and industrial expansion
and human activity have diminished forest cover and affected overall agricultural productivity.
Forests in the Ukraine are not only vital towards improving water supply, but they also
increase the active productivity of the land. Hence in 1994 ‘Zapovidnyky’ and ‘Lis’
Policies/programs were launched to regenerate, protect and judiciously exploit forest resources
of the Ukraine up to 2015. Such policies/programs will assist the conservation of biodiversity
through improving the productive capacity of forest ecosystem, decreasing the acidification and
air pollution, providing long-term benefits for the wise use of natural forest resources.
In Crimea, a large proportion is occupied by croplands. Serving as a strategic location
on the bird migratory corridors between Central Asia and Africa, Crimea is indeed an important
priority areas for avian biodiversity conservation. Therefore in Crimea, it has been found
necessary to adopt other natural management techniques such as the creation of National
Natural Parks and the protection and conservation of typical landscapes. The creation of such
agro forestry landscape reservations to conserve historical systems of agriculture, and the
appropriate and optimal cultivations of land with the development of herbaria (plant museums)
all aimed at reducing erosion and minimizing deforestation, help to contribute effectively
towards the conservation of biodiversity.
Thus as stressed by Dr. Baier, the interlinkages between climate change and biological
diversity have to be recognized in order to develop more comprehensive scientific advice to
integrate climate change mitigation measures with the conservation and sustainable use of
biological diversity.

6.2

RECOMMENDATIONS

At the national level policies/programs be established to encourage the proper
management of forest reserves and woodlands. These should be community owned woodlands
which will help to: - avoid soil/water erosion, increase soil carbon content, improve water use
efficiency, increase carbon sinks, and to serve as alternate source of energy in third world
countries like those in Africa.
There is a need to study methods of predicting the net effects of carbon sequestration
in agricultural and forest soils particularly the measure of under ground soil carbon because of
the unstable nature of organic matter.
There is also a need to study closely how soil carbons in the wetland ecosystems will
respond to warm and dry conditions since they serve as major carbon reservoirs.
In order to maintain biodiversity, reforestation rather than afforestation should be
encouraged. This would ensure that alien species are not introduced that may server as
unwanted predators.
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To adopt sound policies/programs by national State Departments of Agriculture that
may not only be environmentally friendly but are effective, efficient and of high agricultural
productivity in addition to being sustainable towards the maintenance and improvement of
biodiversity.
An example of these could be, cover cropping, green manuring, crop rotation, bush
fallowing, minimum tillage biological control mechanism and the minimum use of pesticides and
chemical fertilizers.
There is an absolute need to further strengthen the existing cordial relation between
the CAgM and the CBD in order to better develop a more comprehensive scientific advice to
integrate climate change mitigation measures with the conservation and sustainable use of
biological diversity.
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Annex (i)
Resolution 17 (CagM)
JOINT RAPPORTEURS ON INTERACTIONS BETWEEN CLIMATE AND
BIOLOGICAL DIVERSITY

THE
COMMISSION
AGRICULTURE METEOROLOGY

FOR
(b)

Noting:
1)
The UNCED Declaration and its
Agenda 21,
2)
The Convention on Biological
Diversity,
3)
The report of the Joint Rapporteurs
on UNCED Follow-up,
Considering:
1)
That there are major interactions
between climate and biological
diversity,
2)
That deforestation is proceeding at
an alarming rate in humid tropical
regions and can greatly disturb the
dynamic coupling between forests
and
atmosphere
that
once
sustained a unique regional climate
and biological diversity,
2)
Recognizing that the biological diversity
at any location depends, among other
factors, on climate,
Decides:
1)
To appoint Joint Rapporteurs on
Interactions between Climate and
Biological
Diversity
with
the
following terms of reference:
(a) To provide an over view of
the
interactions
between
climate change and biological
diversity;

3)

To review the effects of
deforestation
on
climate
change in a region and their
impacts on biological diversity;
(c) To examine the influence of
projected global change on
carbon
sequestration
by
forests and agricultural soils;
(d) To
review
sustainable
agricultural practices which
would contribute directly or
indirectly to conservation of
biological diversity;
(e) To submit mid-term information
on the progress of activities of
the Joint Rapporteurs and a
final report to the president of
the Commission, not later than
six months prior to the next
session of the Commission;
To invite the following experts to
serve jointly as Rapporteurs:
Mr M.P. Bah (Gambia)
Mrs V. Grigoryan (Armenia)
Dr O. Hendrickson (Canada)
Ms S. Korsakova (Ukraine)
One expert to be designated
from FAO;
To invite Mr M.P. Bah (Gambia) to
act as coordinator of the Joint
Rapporteurs.
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Annex ii
Resolution 17 (CAgM)-XII)/JRCB
JOINT RAPPORTEURS ON INTERACTIONS BETWEEN CLIMATE AND BIOLOGICAL
DIVERSITY
Mr. Momodou P. Bah
(Co-ordinator)
Meteo/Agrometeorological Officer
Department of Water Resources
7, Marina Parade, BANJUL
The Gambia
PHONE:
220 228216 201559 (Off)/(Res)391307
FAX:
220 225009
EMAIL:
dwr@gamtel.gm
Mrs. Valentina Grigoryan
Lead Specialist
Operational Hydrometeorological Centre
ARMHYDROMET
54 Leo Str.
375002 YEREVAN
Armenia
PHONE:
374 2 538359 (Off)/631433 (Res)
FAX:
374 3 906863
EMAIL:
meteo@mbox.amilink.net
<valent_ g2000@yahoo.com>
Dr. Ole. Hendrickson
Biodiversity Science Advisor
Canadian Forest Service
580 Booth St
12th Floor
OTTAWA ON KIA OE4
Canada
PHONE:
1 613 947 9026
FAX:
1 613 947 9035
EMAIL:
ohendric@nrcan.gc.ca,
Ole.Hendrickson@ec.gc.ca
Ms. Svetlana Korsakova
Agromet Station “Nikitski Sad”
PGT Nikita
YALTA
Ukraine
PHONE:
380 0654 33 55 66
FAX:
380 0654 32 21 67
EMAIL:
korsakova@2001yahoo.com
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