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1 General Knowledge

General Knowledge

1.1 Land and LLand Use

1.1.1 Definition of land and land resources

Land is not regarded simply in terms of soils and surface to-

pography but encompasses such features as underlying superfi-

cial deposits, climate and water resources, and also the plant

and animal communities which have developed as a result of

the interaction of these physical conditions. The results of hu-

man activities, reflected by changes in vegetative cover or by
structures,are also regarded as features of the land. Changing
one of the factors, such as land use, has potential impacts on
other factors,such as flora and fauna, soils, surface water dis-
tribution and climate. Changes in these factors can be readily
explained by ecosystem dynamics and the importance of their
relationships in planning and management of land resources
has become increasingly evident.

Land and land resources refer to a delineable area of the

Earth's terrestrial surface, encompassing all attributes of the

biosphere immediately above or below this surface, including

those of the near-surface climate, the soil and terrain forms,

the surface hydrology (including shallow lakes, rivers, marshes

and swamps) , the near-surface sedimentary layers and associat-

ed groundwater and geo-hydrological reserve, the plant and ani-

mal populations, the human settlement pattern and physical re-

sults of past and present human activity (terracing,water stor-

age or drainage structures,roads,buildings,etc. )
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1.1.2 Functions of land

The basic functions of land in supporting human and other ter-
restrial ecosystems can be summarized as follows:

e a store of wealth for individuals, groups,or a community;

e production of food, fiber, fuel or other biotic materials
for human use;

e provision of biological habitats for plants, animals and
micro-organisms;

e co-determinant in the global energy balance and the

global hydrological cycle, which provides both a source and a

sink for greenhouse gases;

e regulation of the storage and flow of surface water and
groundwater;

e storechouse of minerals and raw materials for human
use;

e a buffer, filter or modifier for chemical pollutants;

e provision of physical space for settlements,industry and
recreation;

e storage and protection of evidence from the historical or
pre-historical record({fossils, evidence of past climates, archae-
ological remains,etc. ) ;

® cnabling or hampering movement of animals, plants and
people between one area and another.

In the terminology of environmental economics,land can
be regarded as a stock renewable resource. Land resources do
not easily fit into the categories of renewable or non-renewable.
In general, they are slowly renewable; however, their rate of
degradation far exceeds their natural rate of regeneration. In
practical terms, this means that land that is lost to degradation is
not naturally replaced within a human time frame, resulting in a

loss of opportunities for the next generation.
1.1.3 What is land use

Land use is characterized by the arrangements, activities and

inputs people undertake in a certain land cover type to pro-

duce, change or maintain it. A more inclusive definition of

land-use is often used in practice. “Land use” actually includes

4
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1 General Knowledge

near-surface water. Any given area of land is usually used to
satisfy multiple objectives or purposes.

Land use information provides answers to one or more of
the following questions concerning the current use of the land.

e What: the purpose of activities undertaken, e. g. , the
specific products and services, that are sought.

e Where:the geographic location and extent of the spatial
unit under consideration.

e When: the temporal aspects of various activities under-
taken,e. g. , the sequence of carried out operations like plant-
ing, weeding, etc.

e How:the technologies employed,e. g. , technological in-
puts/materials such as fertilizer,irrigation, labor,etc.

e How much : quantitative measures, e. g. , areas, pro-
ducts.

e Why:the reasons underlying the current land use,e. g. ,
land tenure, labor costs,market conditions,etc.

Agricultural land-use data are important for many of the

regional to global activities currently undertaken by FAO

(e. g. ,the validation of agricultural land evaluation;the prepa-

ration of perspective studies on agricultural production and

food security; early warning for food security; natural disaster

relief operations;farming systems studies; policy formulation).

Thus,knowledge of current land use (and land resources) is
needed for formulating changes leading to sustainable use of

the resources.
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biosphere n. 4= ¥ [l greenhouse gas ik & KM

buffer n. X groundwater n. #i T 7K

degradation n. Bk hydrological cycle 7KfE#H

disaster relief Wg 95 ; K METE B irrigation  n. JE

early warning i 2 land cover type b7 352

farming system  #FVE S BE ; 4R 1E ) land tenure
n. Bk
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marshes and swamps
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plant and animal community ShAE Y #ET% superficial deposit FJZ UL

plant and animal population Bl ## 4 Fh surface hydrology H#i 27K 3¢

policy formulation B3 il & surface water 12K

regeneration n. FRAE ; E AL A terracing . By b ; 6 [

reserve  n. fif & U ORI IR BR M terrain form HFELE

sedimentary layer JLfH)Z terrestrial ecosystem [l #i A4 7 R4

settlement . & R 5 topography . ML HITE 2%

shallow lake ¥ 7K il vegetative cover HH# 7 i5

soil n. 11 water storage or drainage structure fi# 7K m% 7K 1% Jite

n. GRS K3 5 TSR 5 A6 SR

structure

1.2 Land Use Cover Change

1.2.1 What is land-use and land-cover change

Land-use and land-cover change (LULCC) (also known as land
change)is a general term for the human modification of Earth's

terrestrial surface. Though humans have been modifying land

to obtain food and other essentials for thousands of years,cur-

rent rates, extents and intensities of LULCC are far greater

than ever in history,driving unprecedented changes in ecosys-

tems and environmental processes at local,regional and global

scales. These changes encompass the greatest environmental

concerns of human populations today, including climate
change, biodiversity loss and the pollution of water, soils and
air. Monitoring and mediating the negative consequences of
LULCC while sustaining the production of essential resources
has therefore become a major priority of researchers and poli-
cymakers around the world.

Land cover refers to the physical and biological cover over
the surface of land,including water, vegetation, bare soil,and/
or artificial structures. Land use is a more complicated term.
Natural scientists define land use in terms of syndromes of hu-
man activities such as agriculture, forestry and building con-
struction that alter land surface processes including biogeo-

chemistry, hydrology and biodiversity. Social scientists and

land managers define land use more broadly to include the so-
6
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1 General Knowledge

cial and economic purposes and contexts for and within which

lands are managed(or left unmanaged) ,such as subsistence vs.

commercial agriculture,rented vs. owned, or private vs. public

land. While land cover may be observed directly in the field or

by remote sensing, observations of land use and its changes
generally require the integration of natural and social scientific
methods(expert knowledge,interviews with land managers) to
determine which human activities are occurring in different
parts of the landscape,even when land cover appears to be the

same. For example, areas covered by woody vegetation may

represent an undisturbed natural shrubland, a forest preserve

recovering from a fire(use=conservation) ,regrowth following

tree harvest (forestry), a plantation of immature rubber trees

(plantation agriculture), swidden agriculture plots that are in

between periods of clearing for annual crop production,or an

irrigated tea plantation. As a result, scientific investigation of

the causes and consequences of LULCC requires an interdisci-
plinary approach integrating both natural and social scientific
methods, which has emerged as the new discipline of land-

change science.
1.2.2 Causes and consequences

Changes in land use and land cover date to prehistory and are
the direct and indirect consequence of human actions to secure
essential resources. This may first have occurred with the
burning of areas to enhance the availability of wild game and
accelerated dramatically with the birth of agriculture,resulting
in the extensive clearing ( deforestation) and management of
Earth’s terrestrial surface that continues today. More re-

cently, industrialization has encouraged the concentration of

human populations within urban areas (urbanization) and the

depopulation of rural areas,accompanied by the intensification

of agriculture in the most productive lands and the abandon-

ment of marginal lands. All of these causes and their conse-

quences are observable simultaneously around the world to-

day.
1:2:2:1

Biodiversity loss

Biodiversity is often reduced dramatically by LULCC. When
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land is transformed from a primary forest to a farm, the loss of
forest species within deforested areas is immediate and com-
plete. Even when unaccompanied by apparent changes in land
cover,similar effects are observed whenever relatively undis-
turbed lands are transformed to more intensive uses, including
livestock grazing, selective tree harvest and even fire preven-

tion. The habitat suitability of forests and other ecosystems

surrounding those under intensive use are also impacted by the

fragmenting of existing habitat into smaller pieces (habitat

fragmentation) , which exposes forest edges to external influ-

ences and decreases core habitat area. Smaller habitat areas

generally support fewer species(island biogeography) .and for
species requiring undisturbed core habitat, fragmentation can
cause local and even general extinction. Research also demon-
strates that species invasions by non-native plants,animals and
diseases may occur more readily in areas exposed by LULCC,

especially in proximity to human settlements.
1.2.2.2 Climate change

LULCC plays a major role in climate change at global, regional
and local scales. At global scale, LULCC is responsible for re-
leasing greenhouse gases to the atmosphere, thereby driving
global warming. LULCC can increase the release of carbon di-
oxide to the atmosphere by disturbance of terrestrial soils and
vegetation,and the major driver of this change is deforestation
especially when followed by agriculture, which causes the fur-
ther release of soil carbon in response to disturbance by till-

age. Changes in land use and land cover are also behind major

changes in terrestrial emissions of other greenhouse gases,es-

pecially methane (altered surface hydrology: wetland drainage

and rice paddies;cattle grazing) ,and nitrous oxide(agriculture .

input of inorganic nitrogen fertilizers;irrigation; cultivation of

nitrogen fixing plants;biomass combustion).

Though LULCC certainly plays a critical role in green-

house gas emissions, the complexity and dynamic interplay of

land use processes favoring net accumulation versus net re-

lease of carbon dioxide and other greenhouse gases makes it a

poorly constrained component of our global budgets for these

gases. A further source of uncertainty in estimating the cli-
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1 General Knowledge

mate changes caused by LULCC is the release of sulfur dioxide
and particulates by biomass combustion associated with agri-
culture,land clearing and human settlements. These emissions
are believed to cause regional and global cooling by the reflec
tion of sunlight from particulates and aerosols, and by their
effects on cloud cover,

Land cover changes that alter the reflection of sunlight
from land surfaces(albedo) are another major driver of global
climate change. The precise contribution of this effect to glob-
al climate change remains a controversial but growing con-
cern. The impact of albedo changes on regional and local cli-
mates is also an active area of research, especially changes in
climate in response to changes in cover by dense vegetation

and built structures. These changes alter surface heat balance

not only by changing surface albedo,but also by altering evap-

orative heat transfer caused by evapotranspiration from vegeta-

tionChighest in closed canopy forest),and by changes in sur-

face roughness, which alter heat transfer between the relatively

stagnant layer of air at Earth’'s surface(the boundary layer)and

the troposphere. An example of this is the warmer tempera-

tures observed within urban areas versus rural areas,known as

the urban heat island effect.
1.2.2.3 Pollution

Changes in land use and land cover are important drivers of
water, soil and air pollution. Perhaps the oldest of these is
land clearing for agriculture and the harvest of trees and other
biomass. Vegetation removal leaves soils vulnerable to massive
increases in soil erosion by wind and water, especially on steep
terrain,and when accompanied by fire,also releases pollutants

to the atmosphere. This not only degrades soil fertility over

time, reducing the suitability of land for future agricultural

use, but also releases huge quantities of phosphorus, nitrogen,

and sediments to streams and other aquatic ecosystems, causing

a variety of negative impacts(increased sedimentation, turbidi-

ty, eutrophication and coastal hypoxia). Mining can produce

even greater impacts, including pollution by toxic metals ex-
posed in the process. Modern agricultural practices, which in-

clude intensive inputs of nitrogen and phosphorus fertilizers
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