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Abstract: :

To ®duce the jeopardized man-land interrelationship sustainable management ot
resource wtilization is the must. The proper identification and delineation of availabte
production potential of land provide the fandamental background to the rational planning
strategy. wxicrent land evaluation methods and techniques are developing w identify the
production potential of land. The land characteristics and production potential are basically
determined by its bio-physical, socioeconomic ang cultural factors. In many respects. fand
cvaluation techniques are developed as an area specific condition. In the mountainous
region, specifically in Nepal, the slope inclination, soil depth and stoniness or rockiness
patamcters arce basically considered in different suggested land evaluation techniqucs.
Altitude, temperature, and precipitation are considercd as mudifiers. These procedutes are
basically very sound in theory but in practical point of view they have lot of compleyities.
To overcoine these problems automaned computer based GIS soltware can be applicd. This
technique is more accurate and retiable as well as time efficient in lurge area evaluation but
needs (o have more intelligent mind and accurate database.

Issues:

Under-nurition or starvation of millions of people in the Mountain Regions of
Deveiopmmg Countries 1oday emerge through a number of factors. Degradation of
produclive capacity of agricuitural land and forest resources hy mismanagement are the
most alanning causes (Kelley, 1983:9). Soil loss is perhaps the most visible devastating
factor that threatens millions of hectares of land, people and properties.

Land is the basis of endeavor 1o fulfil) people’'s need for food, clothing, shelter and
encrgy, serving in addition as the supplier of amenitics concerning ficlds, landscapes and
forests, I is for these reasons that since time immemorial land has been recognized as
having special importance, propertics and value (Davis, 1976:3).

OF the 13 hillion hectare of the total land arca of the workd, only less than half is
Suitable far agriculture inctuding grazing. An cven smaller fraction - about 1.4 hillion
hectare - is au present suited for crop cultivation. This kind of useful land is not distributed
across the region uniformly, in the Asia and Pacific region, the share is very small. Qut of
the total. 2% percent tand is confined in this region and only 14 percent of that share is
suttable {or the crop growth (FAO, 1976). Specifically the Developing Countrics with
mouitamous erran have very miscrable situgtion where nearly two-third population of the
world are sharing their fate,

To reduee the jeopardized man-iand interrelationship sustainable management of
resource uttization is the must. The proper identification and delineation of available
production potential of land provide the fundumental hackground 1o the rational planning
slralegy,

Since 1970s ditferent approaches and techniques are developed for land evaluation,
Fhe first detailed project procedure was established by FAQ (1976} and {ollowing works arc
adopting thin procedure as a guideline. The land characteristics and production polential
arc basically determined by the biv-physical, socio-ceconomic and cultural factors, In niny
respeets, land evaluation technigues arce developed as an area specific condition, In the
ountamous wegion, specitically in Nepal, the stope inclination, soil depth and stoniness or
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tockiness paramceters ae basically considered an dilterent suppested and cvaluation
technigues.  Altitude, temperatue, and precipitation’s are considered as mndiliers,
Conventional tecchnology amd cultivation practices ol tocal people and accessinlity 1o
market are not considered in these techniques, For the Tand use planning perspective,
specificaffy (n thé mountain rerrarm, and evaluation ecfimique afso (equdes G iy
socio-ceonomic, cultural, traditional and Garmers” pereeption and technology which provide
a great impact on land cvaluation, judgenient for allocation ol crops and latting
methodology.

Biv-physical, sociocconomic and cultural set-up of mountain terrain are quite typical,
The Tand evaluation activitics of mountain region oced (o integrite these atiribules (o
gencral land evaluation framework. The aim is (his paper is 1o discuss an inteyrated land
evalvation approach and its application in mountain cnvironment of Nepal.

Mountain Environment:

‘Mountains occupy about 15-20 percent of the world's land surface and provide the
life suppott base for about 10 pereent of the world's population (Tves, 198Y9:289-345). Most
of these highlands, be these the Himalayas, Andes, African Highlands, Rocky Cordilleras, or
European Alps, have (ragile ccosysiems and poor agricultural potentials. Because ol these,
many Asian, African and Latin Amcrican Moyntain slopes are carved hy the poor
inhabitants for their bare livelihood. In the case of Nepad Himalayas more than two-thirds of
population of the country (19.3 million in 1991} arc living in altitude thore than 300 mi 1o
4000 m (a.s.1) and they arc cxtending their farmband on greater than 45 hill slopes (Poudel
et al, 1989:256-267). Besides Nepal Himalayas, North India. African Highland, Latin
American Highlands, and South-cast Asian Highlands have also tradition of cultivating in
the steep hillslopes.

Farming system, cropping pattern, land preparation technique, land management and
crop types have great variation on the mountains than flat slopc (Thapa and Wcher, 1990),
Soil-moisture condition and slope instablity can play a vital role on land utilization system.
Even, over the physically suitable land, peoples's attitude, perception, personal judpment,
investment capability, tradition, culture and social obligations give the significant influcnce
(Blaikic et al, 1982; lves and Messcrli, 1989). Therefore, mountain tandscape and lunduse
systems are quite typical and area specific.

Land Evaluation:

Land evaluation is developed as a structured method to satisfy the need for
information on present and potential uses of land resources for future planning (Putte,
1989: 139-142). In the process of land evaluation, FAQ (1976} proposes a Lunid wvaluation
project as:

- How is the land currenily managed, #hd what will happen if present practices

remain unchanged?

- What improvements in management practices, within the present use, arc

possible?

- What other uses of land are physicaily possible and economically and socially

relevant?

- Which of these uses offer possiblities of sustained production of other benetit?

- What adverse effects, physical, economic or social, are associated with cach use?

- What current inputs are necessary to bring about the desired production and

minimize the adverse effects?

- What are the benefits of each form of use?

According 10 FAO (1976) Framcwork for Land Evatuation. cconomic _and social
analysis follow a qualitative land classification in two-stage approach; analysis ot land and
land use relationships proceeds concurrenly with econodmic approach and social analysis in
pasallcl (Davidson, 1980:31). In the integrated approach, topography. soils. vegetation,
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yealopy, peomorphofopy and clitnale we considered as major variabtes and also used m
Lind evaluation {(Davidson, 19841,

Land cvaluation is essentially concerned with land and newtral with respect fo people
(Dicpen, 1982 cited in Putte, 1989) but Vink (1975} has cmphasized on the artificial or
man ade featurey. Furthermore, it is ecmphasizing on the evaluation for land use phvming
(Iutle, T989:189-142),

Land has neither a single physical pmpuly “like topography, soils, climate, drainage
1or- jusl socio-ccomomic variables, From the resource analysis poinl ol view sotie of thuse
have "stick’ variables and some others baye "flow" variables. The land cvatuation approach
needs 1o cover both of these variables and the existing physical and socio-cconomic
circumstance. But o bring these whole things into a single composite form, land cvalualion
nceds o sound methoddlogical basis.

Land Classification System:

Land cvaluation simply incans assigning a value 1o a apcu[u'd unit arca ol land.
Land should be rated on its value for a specific purpose, since there is no absolute and
general applicable value of land (Beck and Beennema, 197460, cited in Townshend.
F981:9). In practice, the final expression of this vatue will be in ecomoinic terms (Nix,
L968:77, cited in Townshend, 1981 10).

{n 4 land classification system, different Tand suitablity order, class and sub-classes are
destgnated by rating vale according to the FAQO (1976) hand evaluation framework. Suil,
moisture, nutricnts, climate and topographic variables arc considered. In this framework the
major difficulty remains on value -assigned for rating a particular parameter. Quantitative
judgement for rating an individual condition can mistcad the zonation of assigned class.

Review of the Sugpested Land Evaluation Systems for Mountainous Terrain of Nepal:
The biophysical situation of land and its socioeconomic condion is drastically
diffcrent from developed and mechanized agricultural countrics. Therefore, the land
cvaluation systems developed in United States and Icvelled terrain can not be directly
applied in the Nepalese hill agro-ecosystem (Sthapit, 1987:6). In this perspective, dilferent
land evaluation systems have been suggested for the mountainous terrain of the country.

Phewa Watershed Land Capability Classification:

A modified version of land capability classification system of Muac Sa Project
Thailand has been adopted for the land classification system of Phewa Watershed (inpart.
1980} The classification was based on parent material, soil depth. rock outerop. slope, run-
ofl class” and onre of limitations related W stoniness, wetness or occasional flonding and
scvere crosion. On the basis of these parametric classification procedure. about 122 ki<
area vt the walLrﬁhcd has been divided into eitht capability classes as i. culli\ ahlc without
terracing, ii. cultivable with terracing iii. cultivable with terracing cssential, iv. pasture, v.
~ trait tree, vi, fnru;t land, vii. sliviculture, and viii. protected forest.

This system bas not considercd the existing terracing system, which is exwensive and is
a major factor determining the land capability classes in Nepal.

The Land Resource Mapping Project (LRMP) Land Capability Classification:

The classification is bascd on the cffects on combinations of soils. landtorim
charactleristics and climate. Soils, physiography, climate, geotogy and geomorphology have
been integrated into the framework of Land Systemy Mapping. which 18 the basis for the
Land Capability Classification (LRMP, 1986a, 1986b).

The land systerr map provides bascline informativn on landform, sotl, geologic
material and climate at a scale of LSO0000 10 is o hicrarchical mappiug system
ditferentiating land characteristics al various levels of detail as:

Region Level: Physiographic, geology, geomorphology,
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Land Svsten: Recunent pattern ol landtorm, geologic material, slope and anable
agricultaral limit,

Land Unit; Landscape features-position, slope, degree of dissection, looding, soil
characteristics-Drainage, depth, texiure, pH, profile development.

It provides a probability of finding a suitable or likely problem of a specitic feature
or use at national or regional fevel,

This svstem is used for all over the country. There are some limitaiions in iis
application aspects. The Land Capability Map indicales only oplions for farnning and other
uses including management requirements. It is not intended for growing specilic crops or
specialized tree or fruit crops for which interpretation may again be made {rom original
Land Systern Map scparately. This system does not consider the extensive man-made level
terraces, which is a major factor determining the capability classes in the country. Slope
correction due to terracing definitely upgrade the landuse capability of the land. The
system has very broad slope categorios and has nov considered the soil limitation factors due
10 stominess or rockiness.

Land Capability Classification System for Nepal (1987):

A compasite form of landuse land capability classification system for Nepal has been
suggested by Sthapit (1987). This is based on overlay interpretation of four base maps, such
as:

i Climatic map

ii.  Landuse map

iii.  Landform map incloding slope, and

iv.  Soil map including soil depth and stoniness or rockiness.

Generally, (hree levels of planning as reconnassiance, semi-detailed amd detailed and
three levels of gencralization of mapping systems as, Level | (1:250,000), Level N
(1:50,000), and level I (1:10,000) are prepared for cach level of planning. According to
these bases he has sugpested certain legend or land use, Iandform, slope class, soil depth,
stoniness and rockiness classes for land capability classification.

Interpretation is based on the types of optional use, the relative degree of production
potential, limitations and conservation mecasures for landuse, risks of soil damage and
crosion hazard (susceptibility to water crosion). Nine different land capability classes arc
assigned to a land unit on the basis of the land's three main characteristics i.c. stope, soil
depth and stoniness or rockiness. Terracing, fertility, texture, wetness, flooding, erosion, are
assigned as modilicrs. Ip assigning the classes, some assumplions were laken o
considercation,

Although this classification system was basically designed for hill slope agro-
ecosystem, it has some shortcomings to overcone the real evaluation problems, Thus it is
not considered the management practices of the local farmers, productivity of agricubtural
crops and accessibilitly of road and market facilitics, Rather it is sugested tor the country
level but the various paramcters ol the system need detailed fickd work and intensive survey
which may not be Teasible to implement at that level.

Application of GIS for-Mountain Land Evaluation:

The term 'GIS' is currently applicd to computerized intormation, syathesis
processing, modelling, anadysis, display and rewrieval systems that comprise hardware and
sotlware.

GIS is much more than just a means of foading, storing, and reiricving dita abowm
aspects of carth's surface. By the applicition of GIS, data can be assessed, translormed and
manipulated intesactively in such o system (hat they can serve as i test bed fTor stodying
cnvironmental processes or for analyzing the results of trends, or lor anticipationg 1he
possible 1esults of planning decisions (Burrough 1992). On the many technological and
conceptual approaches (o spatial dita anatysis, GIS-bas been widely tecognizediis e mosl
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promising tool capable of providing relisble information for decision making t1asks
{(Michalak, 1993). ' :

A parcel of land can have fourfold components such as;

(1)  physical, (ii) bio-physical, {iii) social, and (iv) sociveconomic.

Different components have several veriables and properties with diversificd nature. On
the whole, the data set of these properties can be Feparated into two groups and four types
as,

i discrete - nominal and ordinal

ii.  continuous - interval and rato.

In (he GIS assisted program these data sets can be organized into a single format,

Manual overlaying and interpretation work for heterogencous information and maps
can not provide the reliable result. Human error on identification regional differentiation
and boundary delineation may mislead the outcome, But thess problems can be minimized
by the help of GIS technology. The GIS techriques can integrate the diversifield database
acquired by different department in a composite form. It can reduce the cost for data
acquisition and integrale the inter and intra-departmental organization of national as well as
regional level planning perspectives. Therefore, land evaluation tasks needs to follow the
GIS added methodology.

Mountain land evaluation needs to consider several attributes of both bio-physical
and socioecomomic components and their numerous properties into a composite furm. In
this perspective different components and several variables can be organized inlo a single
composite form and analysis can be made according to the objectives under consideration.
According to this perspective a model for mountain land evaluation has been proposed
(Fig.1). N
The task of land evaluation depends on the available database. Once used database
may not be static for a long time. The accurate and precise evaluation needs an updated
database. Field survey and measurcment of all these databases is highly time consuming and
expensive. Therefore, data storage, retrieving, manipulation and analysis function in
computer based software is highly beneficial. These sorts of functions cannot operate in the
manual as well as other system of analysis, Data retrieval, updating and maniplation provide
the easy access to available database when change detection can be made very quickly.
Some of these procedures can be integrated with the Remote Sensing database in Raster
from. All these procedures provide very quick and efficicnt handling of the diversified
origin and characteristics of database. '

Computer based GIS analysis function can be used for various uses. Land evaluation
exercise can be conducted by the assessment of physical and socioeconomic characteristics
of land, differcnt processes operating on that particular parcel of tand, and the degree of
suitability of that land for human activitics, Because of easy access on database, quick and
reliable analysis, precise and accurate analysis and time efficient provisions in computer
based GIS technique it is very useful for land evaluation task.

GIS is not an inherent knowledge based program. It necds an accurate input with
good operation. Therctore, the accuracy in GIS output is basically determined by the
database used for analysis, inpul procedures, manipulation and analysis. Furthermore it
depends on the capacity of hardware and the capatft]ity of software program under use.

Conclusion:

Mountginous (opography has very low production potenial, therefure, people living
on the mountains have been facing scrious Tvod shortage. Due o this situation, man-
environment interaction is jeopardised enhancing the down spiral role of development. In
such context the most vital alternative shouid be o jncrease the production potential of the
land. The evaluation of the production potential of land is the fundamental step for the
management of the land resources, In this dircction land evaluation framework has becn
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developed by FAOQ (1976). According to this framewark land evaluation techniques are
developed in different countries, but the methods and techniques of evaluation are country
and area specific. : .

In the mountainous terrain specifically in Nepal land evaluation techniques suggested
by different sources are typical in terms of factors and atiributes taken into consideration.
The major land classes suggested for Nepal are based on the soil depth, slope inclination
and rockingss or stoniness. On the basis of these factors land use is suggesed by the
production potential of land, soil erosion hazard and suitability of particular crops. Alttude,
moisture and temperature are considered as modifiers. Some of the basic factors such as
productivity of crops, farming practices of the people and accessibility to market are not
considered in these techniques which needs 10 be considered in the fature. Most of these
features are rapidly changing with time. Therefore, change detection in database system is
necessary for the evaluation task. Computer based GIS software is the best alternative to
access these facilities, where all of these components can easily be analyzed.
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