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ABSTRACT

KESHAR MAN STHAPIT. A landuse - Land Capability Classification System

for Nepal: A case study in Phewa-Lake Watershed. (Under the direction

of Dr. Jimmy D. Gregory.)

Because of rapidly expanding population, the efficient utilization

of land resources to produce food, fodder and fuel is a critical need
Nepal. A scientific integrated approach to land capakility classifi-
cation based on the land's main characteristics of soil, landform and
vegetation, is needed to support efficient land use.

Land capability classes are based on the overlay interpretation
of maps of landform, soils and vegetation or existing land use. Nine
land classes are delineated based on relative degree of high to low
productive capacity and low to high degree of limitations, risks of
soil damage, erosion hazard and need for conservation measures.

The extensive system of terraces and manual cultivation of steep
sloped terrace land plays a significant role in land capability in
Nepal. The upgrading of classes by terracing and downgrading of

classes by soil limitations, excess wetness and inundation are con-

in

sidered over the classes determined by slope, soil depth, and stoniness.

The system is tested in the Phewa Lake Watershed of Nepal.
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1. INTRODUCT ION

The use of land resources without proper management and without
regard to its capability can result in soil erosion on the slopes, floods
on the plains, and degradation of the productive capacity of the land.
Proper landuse based on the land's capability and utilization of con-
servation measures to preserve that capability requires careful planning.
Therefore, it is important to have a landuse - land capability classi-
fication system that is based on the land's capability, conservation
measures required, limitations for certain uses, and risks of soil
damage and erosion. Such a system is imperative in an agriculture based
country like Nepal.

The land surface (topography and soil) is a complex result of
geological and geomorphological processes, climate and vegetation and
biotic factors acting for a given period of time. Therefore, the
capability classification based on soil, landform and vegetation pro-
vides a logical approach to land classification relevant to landuse.

Research reported in this thesis has the following objectives:

a. To develop a landuse - land capability classification system for
Nepal based on: (1) the inherent capability of the land for
agriculture, range or forestry utilization, (2) conservation
measures needed to control erosion and (3) limitations, risks of
soi ] damage and erosion hazard for certain land uses.

b. To develop soil, landform and landuse mapping legends for Nepal,

necessary for using the landuse - land capability classification

system,



Ci To test the classification system on Phewa Lake Watershed in

west central Nepal.

In applying the system, maps of soils, landforms, and landuse are
prepared and the landuse - land capability classifications are generated
as a result of overlay interpretation of all the above maps.

The system gives the relative degree of productive potential of
the land, limitations, conservation measures needed for certain land
uses, risks of soil damage and erosion hazard rather than quantitative

figures. This system also considers the manual labor and/or bullock

power based agriculture system in Nepal.



2. LITERATURE REVIEW

There are two main types of land classification in practice namely
hierarchical or landscape and parametric. In heirarchical classification,
lands are classified into natural units and the units have often been
arranged into hierarchical sequences and then practical data are related
to these units. There are two mutually related systems of formulation
of classes in hierarchical classification.

"], Agglomeration: Grouping things on the basis of their similarities
so that classes are built up by aggregation from below. Classes

so formed can be agglomerated in higher categories so that a

hierarchy is formed.

2, Division: Dissecting wholes into parts on the basis of difference
so that classes and units are arrived at by subdivision from
above. Classes so formed can be dissected in lower categories
so that a hierarchy is formed." (Rowe, 1978)

In parametric classification, lands are classified on the basis
of selected inherent characteristics separately and then superimposed
to interpret the individual units for the desired purposes.

The hierarchical or landscape systems help to explain the
fundamental causes of landscape differentiation, assist reconnaissance
~and facilitate the appreciation of regions as a whole, whereas
parametric systems are more quantitative, less dependent upon sub-
jective interpretation, and are'subject to statistical analysis. Also,
in parametric systems, it is often difficult to decide on the best
parameters to use for classification and the class limits to set for

any given land use (Mitchell, 1977).



To understand land and its capability for sustained use, the
integrated classification system based on soil, landform and vegetation
or landuse is an objective approach to land classification.

It is not possible to review all land classification systems
developed in different countries. However, some of the widely accepted

and used land classification systems and some recently developed systems

of Nepal are reviewed here.

I Land System of Australia

The Ausfra]ian Land System approach developed by the Commonwealth
Scientific and Industrial Research Organization (CSIRO) is a hierarchical
land classification system and has three levels of generalization
namely site, land unit and land system,

Site:

A site is a part of the land surface which is, for all practical
purposes, uniform throughout its extent in landform, soil and

vegetation. The site is the smaller identifiable unit.

Land Unit:

The land unit is land surface with a distinctive combination of
topography, soil and vegetation. Land units may consist of a single

site or a group of geographically associated sites.

Land System:
The land system is defined as an area or group of areas, through-

out which there is a recurring pattern of topography, soils and

vegetation, |t consists of a recurring pattern of land units.



The system is based on the integration of three of the land's main
characteristics, topography, soil, and vegetation., The land system

is the unit of mapping and the site is the smaller identifiable unit.
Within any one land system there is a recurring pattern of topography,
soils and vegetation (Christian and Stewart, 1968).

"A land systems map defines those areas within which certain
predictable combinations of surface forms and their associated soils
and vegetation are likely to be found' (Cooke and Doornkamp, 1974) .
The simplest criteria for distinguishing between land system is
surface relief (Bawden, 1967, cited by Cooke and Doornkamp, 1974).
This system is mainly applied to aerial photographs at the reconnaissance
level and the interpretation is widely based on landform analysis.

The Australian Land System does '"'little or nothing to measure or
evaluate the important complex of functional relationships between
soils, climate, plants, and animals. The accuracy of land system
surveys has been questioned on the grounds that little account is
taken of local variation and that classification may be based on
imprecise criteria and strongly influenced by the more evident con-

trasts in air-photo patterns' (Cooke and Doornkamp, 1974).

2. Ecological System of Canada

The Canadian Ecological (Biophysical) classification developed
by Lands Directorate, Environment Canada is a hierarchical land
classification system and ''refers to an integrated approach to land
survey in which areas of land as ecosystems are classified according

to their ecological unity" (Wiken and lronside, 1977). This system



has six levels of generalization in a hierarchy of ecosystems namely
ecoprovince, ecoregion, ecodistrict, ecosection, ecosite and ecoelement.
Ecoprovince: An area of the earth's surface characterized by major
assemblages of structural or surface forms, faunal realms, vegetation,
hydrological soil and climatic zones.

Ecoregion: A part of an ecoprovince characterized by distinctive
eclogical responses to climate as expressed by the development of
vegetation soils, water, fauna, etc,

Ecodistrict: A part of an ecoregion characterized by distinctive
assemblages of relief, geology, geomorphology, vegetation, soils,

water, and fuana.

Ecosection: A part of an ecodistrict throughout which there is a
recurring assemblage of terrain, soils, and vegetation.

Ecosite: A part of an ecosection in which there is a relative
uniformity of parent material, soil, hydrology, and vegetation.
Ecoelement: A part of an ecosite displaying uniform soil, topographical,
vegetative and hydrological characteristics,

The Canadian system is heavily based on a complex concept of an
ecosystem, ''In simple terms, the ecosystem concept states that the
earth operates as a series of interrelated systems within which all
components are linked, so that a change in any one component may bring

~about some corresponding changes in other components and in the



operation of the whole system. An ecosystem approach to land
evaluation stresses the interrelationships among components rather than
treating each one as a separate characteristic of the landscape"
(Bailey, 1980).

The aerial photo interpretation and mapping and description of
ecosystems is a sophisticated scientific procedure which is overly
complicated for lay users. The system needs highly trained surveyors
who understand the nature of the proposed projects so that they can

develop the ecological units relevant to the proposed project (Duffy,

1973).

3s Ecological Land Unit System of Nepal

The major ecological land unit system of Nepal developed by
Nelson et al. (1980) is a hierarchical land classification system.
The system is primarily based on physiography and also climate,
vegétation and landform are considered. This system has four levels
of hierarchical generalization namely zone, region, land-system and
land-types.

Zones:

Zones are land units with similar elevational ranges, climate,
vegetation and geological structure.

. Regions:

Regions are land units with similar regional precipitation rates

and local geological structure.

Land Systems:

Land systems are land units with a repetitive pattern of similar

land types.



Land Type:

Land types are the most elemental unit used, They are usually
individual slope facets, but in some places because of lack of
information, they are rather complex land units with a wide range of
properties.

These four mapping levels are very broad and were delineated on
1:250,000 to 1:800,000 scale skylab photography, false color and black
and white imagery. Landtype levels are only described and not
delineated on the map. Moreover, these mapping units are designed
only for reconnaissance surveys for fixing general priorities when

selecting project areas.

These three hierarchical integrated land classification approaches
do little or nothing to measure or evaluate land capability classes
based on potential productivity, limitations for sustained production,
risks of soil damage, erosion hazard and need of conservation measures.

Land units of the Australian system and ecosites of the Canadian
system potentially appear to be valuable in the reconnaissance level
of a land capability classification. However, the lower hierarchical
levels of mapping are yet to be detailed in those systems. The land-
type of the major ecological units in Nepal is even too broad for
the reconnaissance level of land classification. In short, these

‘systems do not meet the objectives of landuse - land capability

classification system.



L, Land Capability Classification of the United States

The land capability classification of the Soil Conservation Service,
United States Department of Agriculture is a parametric land classifi-
cation and is perhaps the most widely used and adopted system of land
capability classification. The capability grouping of soils is based
on their potentialities, limitations for sustained production, risks
of soil damage and erosion hazard.

The system recognizes a threefold hierarchy from smaller to
larger grouping of: (1) capability units, (2) capability subclasses,
and (3) capability classes (Klingebiel and Montgomery, 1961; cited by
Cooke and Doornkamp, 1974).

The capability unit is a grouping of soils that have about the
same responses to systems of management of common cultivated crops
and pasture plants. The subclass is a grouping of capability units
having similar kinds of limitations and hazards are recognized:

(1) erosion hazard, (2) wetness, (3) rooting-zone limitations, and
(4) climate (Klingebiel and Montgomery, 1971). There are eight broad
land capability classes.

Class |:

Soils in Class | have few limitations that restrict their use.
Class |II:

Soils in Class |l have some limitations that reduce the choice
of plants ér require moderate conservation practices.

Class I11:
Soils in Class |1l have severe limitations that reduce the

choice of plants or require special conservation practices or both.



Class IV:

Soils in Class 1V have very severe limitations that restrict

the choice of plants, require very careful management, or both.

Class V:

Soils in Class V have little or no erosion hazard but have other
limitations impractical to remove that limit their use largely to
pasture, range, woodland, or wildlife food and cover.

Class VI:

Soils in Class VI have severe limitations that make them generally
unsuited to cultivation and limit their use largely to pasture or
range, woodland, or wildlife food and cover.

Class VII:

Soils in Class VII| have very severe limitations that make them

unsuited to cultivation and that restrict their use largely to grazing,

woodland, or wildlife.

Class VIII:

Soils and landforms in Class VIII have limitations that preclude
their use for commercial plant production and restrict their use to
recreation, wildlife, or water supply or to aesthetic purposes.

The USDA system does not consider the terraced agriculture land
cultivated by manual labor and/or bullock power on steep slopes. Soil

“depth, slope and stoniness or rockiness are relatively defined
rather than quantified. The system is heavily based on soil classifi-

cation. Also the environmental situation of land and uses in Nepal
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and the socio-economy is drastically different from the conditions under
which the classification is applied in the United States. Therefore,
the system can not be directly applied in the Nepalese hill agro-

ecosystem.

55 Land Capability Classification for Phewa Watershed, Nepal

The land capability classification for Phewa Watershed adopted
and modified after T. C. Sheng (UNDP/FAO, THA/76/001, Mae Sa Project
Thailand, 1978) by lmpét (1980) has eight landuse capability classes:
(1) cultivable without terracing, (2) cultivable with terracing
recommended, (3) cultivable with terracing essential, (4) pasture,
(5) fruit tree, (6) forest land, (7) silvipasture, and (8) protected
forest (Table 1). This is a parametric land classification and is
based on parent material, soil depth, rock outcrop, slope, run-off
class and one or more limitations related to stoniness, wetness or
occasional flooding and severe erosion.

This system has not considered the existing terraces, which are
extensive and is a major factor determining the land capability
classes in Nepal. Also neglected were the slopes greater than 40
percent which were considered as unsuited for cultivation. However,
using manual labor and/or bullock power, cultivation is being practiced
-on steep slopes (above 40 percent) in the Nepalese hill agro-ecosystem.
Experience has shown that limits of land slope for cultivation can be
raised to 50 percent (Khybri, 1979). Also the system is designed for
the Phewa Watershed only and pays less attention to stoniness or

rockiness, other types of limitations and climate.
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Table 1. Land Capability Classification for Phewa Watershed (Impat, 1980)

(Adopted and modified after T.C. Sheng, UNDP/FAO, THA/76/001. Mae Sa

Project Thailand, 1978)

Mﬁg ree £2° [ 2-9° 9-22° 22-30° 30-40° > 40°

Soil 3| <3% 3-153 15-40% 40-60% 60-80% | > 80%
Depth 5
Deep C] CZ c3 FT
F/SP P
{ >70cm) d f
SWE SWE SWE SWE
—=P — P| —» P| — F/SP
cl c2 c3 F/SP
Moderate F/SP
(40-70cm) SME SME / L
: —= P —=3- F
Wi
A Iy re——————— s‘; P SNE'___‘-‘? P P F/sp
cl c2 c3
Shallow - - F/SP F/SP PF
(15-40 cm) | SWE SWE SWE
—a P — P —_— F
P P P
Very Shallow P P [ F/SP i PF PF
i

(<15 em) !

good management essential regard-
less land use above 40% slope.

Remarks:
1) C1 - cultivable land without terracing

C2 - cultivable land terracing recommended
C3 - cultivable land terracing essential

P - pasture '

FT = fruit tree

F - forest land

SP - silvipasture
PF - protected forest
2) Soil depth: Effective depth for conservation treatment and plot
root penetration.
3) Limiting factors:
S - Stony
W - Wet or occasional flooding
E - Severe erosion



3. CLASSIFICATION SYSTEM

3.0 Introduction

Landform is a natural terrain unit developed under a unique com=-
bination of climate, geology and geomorphological processes operated
for a given period of time. Landform and substance of the land in-
fluence local climate, determines the surface and subsurface hydrologic
regime, influence fauna and flora that can survive there, and shape the
subsequent development of soil (Rowe, 1971). Therefore, a land capability
classification based on soil, landform and vegetation or present land-
use is a logical, scientific approach to land classification relevant
to land use.

First the following maps are prepared:
a, Soil map including soil depth and stoniness or rockiness,
b. Landform map including slope, and
c. Vegetation and/or landuse map.
Then the land capability map is prepared based on the overlay inter=
pretation of the above three maps.

Three levels of generalization of mapping system are prepared.
The level | generalization is for use on 1:250,000 or small scale
Landsat or high altitude aerial photographs with minimum ground checking.
.This level of generalization is designed for broad reconnaissance in-
ventory or for deriving general information on the area. Level |

cannot be used for land capability classification, because it is very

general for the purpose.
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The level |l generalization is for use on aerial photographs of
1:50,000 to 1:100,000 scale with moderate ground checking. The Level
Il generalization is for use on 1:12,000 scale aerial photographs with

intensive ground checking. Level Il and |Ill mapping will be very
detailed and is designed for land capability classification. In Level
Il mapping, we may not be able to indicate all details of limitations
because of scale problems. It is used for general landuse planning.
Whereas Level |Ill is designed to indicate almost all limitations, so
that more detailed landuse planning for crops, etc. can be done.

The recognizability and mapping of an object is determined by its
size, shape and nature and the resolution of the photographs. There-
fore, the level of generalization and scale of aerial photographs are
not restricted to each other. In other words, if an object covers a
large area and has high contrast, even the Level ||| category can be
mapped on 1:250,000 scale imagery or photographs. But sometimes, due to
unfavorable conditions the Level || category may not be mapped on
1:12,000 scale photographs. The recommended minimum size of mapping

unit delineations for each level of generalization are given in Table 2,
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Table 2. Minimum size of mapping unit delineations recommended for use

in the landuse - land capability system.
MAP LEVEL
| |l 11
SCALE
1:100,000 to 1:50,000 1:25,0003  1:12,000
---------------------- hectares=========cmccceaa-
Soil! 30-120 8 2
Landform? 20~ 80 5 ]
Landuse 10~ 40 3 |
Land Capability 30- 40 8 2

lSoi] map includes soil depth and stoniness or rockiness category.

2Landf"orm map includes slope category.

3Using 1:50,000 scale aerial photos and base maps of 1:25,000 scale,
the minimum mapping delineate size of 8, 5 and 3 ha can be followed
for soil, landform and landuse maps.

At present, Nepal has almost complete coverage of aerial photo-
graphs with scale of about 1:50,000, Therefore, it is recommended that
. aerial photographs be used for detailed mapping as much as possible
and that a 1:25,000 scale contour base maps be used for producing maps,
so that objectives between the two levels can be bridged. |In this case,

the minimum size mapping delineations of 8, 5 and 3 ha. can be used for



-

soil, landform and landuse maps. By indicating one of nine land

capability classes and limitations, the minimum size of land capability

class delineated that can be shown will be eight hectares.
The classification system is based on the following criteria:

a. The interpreter must achieve accuracy of more than 85 percent in
the land capability classification.

b. The same results in land capability classifications must be obtained
from different interpreters from aerial photographs of different
dates.

o Each higher category is an aggregation of only the categories

immediately below it.

s The classification system is applicable to the whole of Nepal.

3.1 Soil Classification System

"Soil is the collection of natural bodies on the earth's surface,
in places modified or even made by man of earthy materials, containing
living matter and supporting or capable of supporting plants out of
doors' (Soil Survey Staff, 1975). Soil supports plants that supply
food, fiber, timber and other human needs, and is one of the most
important land characteristics that governs landuse. For soil
classification, we follow the USDA Soil Taxonomy (Soil Survey Staff;
1975) which is a well organized soil classification system based on
the properties of soil profiles, including soil temperature and
moisture. The system contains six categories from highest to lowest
levels of generalization. These are: order, suborder, great group,

sub-group, family and series. There are ten orders; 47 sub-orders,



approximately 230 great groups and multiples of these in sub=group,
family, and series (Boul et al., 1980). Order and suborder units;
great group and sub-group units and family and series units are used for
levels |, Il and 111 mapping respectively,

Thus prepared soil map is integrated with the soil depth class and
the stoniness class to give complete soil map used for land capability
interpretation. There are four soil depth classes (Table 3) and five

stoniness or rock outcrop classes (Table 4).

Table 3. Soil depth classes for Nepal (Modified after Impat 1980).

Symbol Soil Depth Description
s b s

dy 0-15 Very shallow

dy ' 15-40 Shallow

d3 Lo-70 Moderate

dy =70 Deep
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Table 4. Stoniness or rockiness classes for Nepal. (Modified after
Impat, 1980).

Symbol Stoniness or Rockiness Description

-=-=--yolume percent----

r 0- 3 Non stony or rocky

r2 =15 Fair stony or rocky

rs 15-50 Stony or rocky

ry 50-90 Very stony or rocky

rg > 90 Extremely stony or

rocky

Soil depth is measured along a vertical axis between the earth's

surface and the upper surface of underlying consolidated bedrock known

as the R horizon.

"'Stoniness refers to the relative proportion of stones over 10

inches in diameter in or on the soil whereas rockiness refers to the

relative proportion of bedrock exposures, either rock outcrops or

patches of soil too thin over bedrock for use in a soil area" (Soil

Survey Staff, 1975).
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3.2 Landform Classification System

Landforms are natural terrain units (including geologic elements
of rock type and structure and transported or residual soils) that,
where developed under similar conditions of climate, weathering, erosion,
and mass wasting, will exhibit a predictable range of physical and
visual characteristics (Way, 1978). The landform classification system
developed for Nepal is given in Figure 1. In developing the system,
emphasis was given to the significance of landform in landuse.

The land is classified according to the landform classification
system up to the lowest possible level for a given map scale. Since
most of the landforms resulting from mass movement occur in the other
landform classes viz, plain, hill or valley, this is indicated in
brackets after the main landform. |f the process of mass movement is
still active, the code is followed by "Y' for yes and if not active
by "N'"' for no.

Slope is the basic landform characteristic that governs land
capability in the hills or mountains. The landform map is further
sub~-categorized on the basis of six slope classes as given in Table 5.

The resulting landform map is used for the interpretation of land

capability classes.
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LEVEL
I 111
Scale
1:250,000 1:100,000 to 1:50,000 1:12,000
. Alluvial Plains 11T, Alluvial Flood
Plains
___112. Alluvial Non-
Flood Plains
1. Plains __d___12. Outwash Plains
|__13. Loess Plains

211. Convex Ridge

___21..Ridge 212. Undulating
Ridge

213. Flat Ridge

2, Hill ___221. Dip Slopes

222. Scarp Slopes
2

|__22. Slopes 1 223. Complex Slopes

224, Non-Sedimentary
Slopes

Figure 1. Landform Classification System for NepaI]



LEVEL

22

Il

Scale

1:250,000

1:100,000 to 1:50,000

1:12,000

3

3. Valley 32.

| 33.

3k,

Plains

Fans

Terrace

Undulating
Topography

311

312.
| 313,
| 314,

| 315,
318,
T

321.
322,

323.

331.

332.

| 333.
| 334,

| 335,

Alluvial non-
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]For definition of terms see Encyclopedia of Geomorphology (Fairbridge
1968) and Dictionary of Geological Terms (The American Geological

Institute 1976) or similar reference texts.

2Defined in Appendix 1.
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Table 5. Slope classes for Nepal (Adopted from Impat, 1980).

Symbo Slope Description
--Percent~=<

Sy 0- 3 Level or nearly level

Sy 3-15 Gently sloping

S3 15-40 Moderately steep

Sy, 40-60 Steep

Sg 60-80 Very steep

S6 > 80 Extremely steep

In addition to landforms, data on drainage texture and drainage
pattern are considered in interpreting land capability classes, but no
overlay mapping of the drainage texture and drainage pattern is done.
Entire drainage systems from first order streams (the beginning of
channelized flow) to the tributaries of major rivers are considered for
determining drainage texture and drainage pattern. Aerial photographs
are preferred over topographic maps for determining drainage texture
and drainage pattern because of the greater detail of drainage systems.

Drainage texture refers to the relative spacing of drainage lines
~and is categorized into fine, medium and coarse textures (Thornbury,
1969). Drainage texture includes both drainage density and stream
frequency. The relationships of photographic scale to drainage texture

and distance between first order streams for Nepal is given in Table 6.
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Table 6. Average distance between first order streams for drainage

texture classes on aerial photos of different scale. (After

Way, 1978)

Photo Scale Drainage Texture

Coarse Medium Fine

________________ o B I
1:12,000 >83 10-83 <10
1:25,000 >40 4.8-40 <4.8
1:50,000 >20 2,4-20 <2.h
1:100,000 >10 1.2-10 <1.2

'""Drainage texture is influenced By (1) climatically controlled
factors such as amount and distribution of precipitation, vegetation,
and permafrost; (2) rock characteristics, including texture and size
of fragments released by weathering; (3) infiltration capacity; (4)
topography; and (5) stage and number of erosion cycles'" (Howard, 1967).
Drainage tex?ure is divided into three classes:

Fine Drainage Texture

Distance between first order streams is short, and averages less
than 4.8mm on 1:25,000 scale photographs. Fine textured drainage is
‘characteristic of land with relatively high run-off as a result of one
or more of the following factors: (1) impervidus bedrock, (2) soils
of low permeability, (3) fine textured soils, (4) steep slopes, (5)
high rainfall coming mostly as intense thunder showers, or (6) scanty

or no vegetation. Homogeneous unconsolidated sediment or soft rocks
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also favor the fine drainage texture (Fairbridge, 1968; Thornbury, 1969;

Way, 1978).

Coarse Drainage Texture

First order streams are over 40 mm apart on 1:25,000 scale photo-
graphs and carry relatively little run-off, Coarse drainage texture
generally indicates relatively low run-off as a result of: (1) fractured
or permeable bedrock, (2) soil of high permeability, (3) coarse textured
soil, (4) gentle slopes, (5) low intensity rainfall, or (6) thick cover
of vegetation. Consolidated massive rocks also resist erosion and tend

to produce coarser texture (Fairbridge, 1968; Thornbury, 1969; Way,

1978).

Medium Drainage Texture

The spacing of first order streams is less than in coarse textured
drainage but more than in fine textured drainage. The characteristics
of such an area are intermediate compared to areas with fine and coarse
drainage textures (Way, 1978).

""A drainage pattern is the design formed by the aggregate of
drainageways in an area regardless of whether they are occupied by
permanent streams'' (Howard, 1967). The different drainage patterns
and their characteristics are described by Howard (1967); Way (1978);
and Zernitz (1932). '"The different drainage patterns can indicate

"specific rock types, soil materials, rock attitude and structure, and

drainage conditions' (Way, 1978).
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The drainage pattern determination is followed by stream segment
orientation analysis. For stream segment orientation analysis, the
number of streams and stream lengths are plotted against their orien-
tation direction of the streams. Direction of stream is measured along
the major segment of the stream that is approximately straight irregard-
less of flow direction. |f streams change direction, then each major
segment is counted or measured as a unit.

If the number of streams, and also the length of streams, tends
to be concentrated in some particular direction, it indicates that the
streams are controlled by structure or lithology (i.e. either joint,
fracture, fault, or lithologic contacts, etc.) of underlying geology.

Streams across slope indicates structural control showing streams
are utilizing fractures, joints, or faults. The tendency for stream
direction to be across the slope will indicate that stream cutting may
increase the slope gradient which makes the area more vulnerable to
mass-movement. |f stream direction is oriented more or less along the
slope, then the tendency for mass movement in the area will be low as
compared to the first case.

The landform classification system is used for extracting infor-
mation required for land capability interpretation. For example, the
.alluvial flood plain indicates the productivity limitation of inundation;
Fine drainage texture indicates excessive run-off which is a function
of climate, geology, soil and vegetation; Similarly rectangular

drainage pattern indicates that joints, fractures and/or faults are



29
at right angles and the presence of those feature suggest potential
hazard of potential movement etc., which is important for landuse

planning.

3.3 Landuse Classification System

"In a dynamic land management situation, accurate meaningful,
current data on landuse are essential. If public agencies and private
organizations are to know what is happening, and are to make sound
plans for their own future action, then reliable information is critical"
(Clawson and Stewart, 1965, cited by Anderson et al. 1976).

Landuse classification is applied to the existing landuse, which
governs significantly the determination of the landuse land capability
class., The landuse classification developed for Nepal is given in
Figure 2. Level | generalization is adopted from Anderson et al. 1976

and the descriptions of the categories have the same meaning except

wetland.

Level 11 generalization is modified after Anderson et al, 1976.
The terms with different meanings from that in general dictionaries
and those modified from Anderson et al. (1976) are described in Appendix

2 and Appendix Tables 1 and 2.

For use in this system the area is mapped to the lowest level of
landuse category for a given scale and the resulting map is used for

interpretation of land capability classes.
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Level
| [
Scale
1:250,000 1:100,000 to 1:50,000 1:12,000
Ull. Villages
S
___HUIZ. Towns
.__Ul. Residential,
Commercial and S
Service Area 1 _Ul3. Citles
___plh. Other52
_*__92. Industrial Area
U. Urban or Built ____U3]. Roads
Up
|__U3. Transportation | _U32. Airports
and Communication
| U33. Others®

UL, Others?

Figure 2. Landuse Classification System for Nepal.]



Level

32

I

Scale

1:250,000

1:100,000 to 1:50,000

1:12,000

F. Forest Land3

__F1.

Broadleaved
Forest

FI11.

Flz.
Fl13.

Flk.

F15.

F16.

f—

|_F17.

._'_._FI8.

F19.

Sal Forest

Terai
Hardwood

Khair=-
Sissoo

Lower Slope
Mixed Hard-
wood

Upper Slope
Mixed Hard-
wood

Oak Forest

Birch Forest

Broadleaved
Schrub

Other
Broadleaved

Figure 2,

(continued)



33
Level
| | 1]
Scale
1:250,000 1:100,000 to 1:50,000 1:12,000
___FZ]. Chirpine
Forest
| __F22. Bluepine
Forest
__#F23. Fir Forest
___F2, Conifers Forest ___f24. Hemlock
Forest
| __F25. Spruce
Forest
__F26 . Deodara
Forest
| __F27. Conifer
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|__F35. Birch-fir
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Figure 2.

(continued)
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Figure 2. (continued)

]For definition of terms see Anderson et al. (1976).
2 - . .
Defined in Appendix 2.

Spefined in Appendix Tables 1 and 2.
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3.4 Land Capability Classification System

Productive capability, degree of erosion hazard, limitations, risks
of soil damage and conservation measures required are the important
factors which determine the land capability classes relevant to landuse.
Based on the relevant degree of these factors, nine land classes were
developed for Nepal. These nine classes range from land class |
(cultivable; very high productive capacity; no significant erosion
hazard, limitations or risks of soil damage; and no conservation
measures required) to land class IX (no economic potential for plant
production; severe erosion hazard, limitations, or risks of soil damage
and need for conservation measures).

The designation of land capability is the result of an overlay
interpretation of the soil map, the landform map and the map of existing
landuse. Interpretation is based on the relative degree of productive
capacity, limitations and conservation measures for landuse, risks of
soil damage and erosion hazard (susceptibility to water erosion).

Classification of land capability is conducted in two steps:

(1) one of the nine different land capability classes are assigned to

a land unit on the basis of the land's three main characteristics
(slope, soil depth and stoniness or rockiness) in combination with the
appropriate climatic zone (Figure 3 and 4), (2) then on the basis of

- four of the land's sub-characteristics: Terraciﬁg (T); Soil limitation
(S) within the rooting zone such as low permeability, low fertility,

high clay content and salinity or sodium etc.; Excess wetness (W) ;
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Figure 4. Land Capability Classification for Climatic Zone 11| for Nepal.
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subject to inundation (1) the land capability class is assigned to the
proper modified class.

Three climatic zones are categorized on the basis of altitude,
broad landform and rainfall:

Climatic Zone |

In this climatic zone where at least three crops, including one
paddy, can be grown in a year. Included in this zone are the areas in

plains and valleys below 2133 m (7,000 ft) and slopes associated with

wide high elevation valleys such as Kathmandu (elevation 1372 m or 4,500
ft) and narrow valleys up to 1981 m (6,500 ft) and 1524 m (5,000 ft)
respectively. Zone | areas have average annual rainfall of more than
1016 mm (40 in) or are irrigated.

Climatic Zone |1

In this climatic zone at least two crops of either maize, wheat,
millet or potatoes can be grown in a year but no paddy. Included in
this zone are the areas in valley plains between 2133-2743 m (7-9,000 ft)
slopes associated with wide high elevation valleys and narrow valleys
between the elevations 1981-2743 m (6,500 to 9,000 ft) and 1524-2438 m
(5,000 to 8,000 ft) respectively. Areas in Zone || have an average

annual rainfall of 508 mm (20 in) or more and none are irrigated.

Climatic Zone |11

In this climatic zone, under the best conditions, only one crop
a year of potatoes or millet can be grown. Included in this zone are

the valley plains and slopes associated with wide high elevation valleys
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between 2743-3657 m (9 to 12,000 ft) elevation, slopes associated with
narrow valleys between 2438-3657 m (8-12,000 ft) and areas with rainfall
more than 508 mm (20 in).

Although the treeline varies from place to place, for generalization,
we consider that areas above 3657 m (12,000 ft) are uneconomical for
plant production and are excluded from classification,

The climatic zones |, Il and 111 are indicated in the assigned
land capability classes by placing the number 1, 2, or 3 respectively
in the front lower corner of the land capability classes designation.

For example, land of capability class | in climatic zone 1 is designated
as ll.

The land sub-characteristic ''terrace'' refers to the paddy terrace
cropland as defined in Appendix 2. This is a major landuse in the
Nepalese agro-ecosystem and plays a significant role in the determination
of land capability classes. Land classes V and VI, which are based on
the land's three main characteristics are upgraded to Illy and IVt

respectively when terraced and identified with "T" (Table 7).
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Table 7. Modification of land capability classes by sub-group

characteristics for Nepal.

Land classes Down-grading of land Up-grading of land
without capability classes capability classes
limitation! with lTimitation with terracing
Economically Economically
Correctable Non Correctable
| - Mgyp2 Vigypn
Il ]]’SWI' VISNI“
11 W VElgy e
v Vig, ¥l L
Vv Vls, ‘U’IISII IIIT3
VI Vlls, or VIISWI' UI!ISWI“ or IXS" lVT
VIl \HIISwll or IXS‘

IDetailed description of land classes see Appendix 3.

2S‘w‘l stands for soil, excess wetness and inundation limitations
respectively. .

3T stands for paddy terraces.

Three land sub-characteristics, namely soil limitations (S), excess
wetness (W), and inundation (I) are considered as limiting factors that
reduce the capability of the land and are used for modifying the land
capability class determined by slope, soil depth, stoniness or rockiness
and terracing., The limitations have been grouped into two categories.
The first category of limitations either can be economically corrected

under present conditions (fertility, salinity, excess wetness,
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inundation) or has moderate effect on productive capacity, erosion
hazard or risks of soil damage due to factors such as clay content,
low permeability, etc. The second category of limitations either cannot
be economically corrected under present conditions (very poor fertility,
intensive flooding, high salinity, etc.) or has severe effects on
productive capacity, erosion hazard, or risks of soil damage (high
sodium, etc.).

Table 7 shows the downd}ééing of classes with corresponding
category of limitations. The first category of limitation is indicated
by one (') sign on the right upper corner of the limitations, whereas
second category of limitations is indicated by two (') sign. The
dominating limiting factor is indicated on the lower right corner of
the class number. For example, class Ill, due to the first category
of soil limitations, drops to class |V, then the modified class is
denoted by IV_.,. Where two or more limitations are equally dominant,

Sl

the limitations are shown in the order of soil (S), excess wetness (W),

and inundation (1).

The following assumptions and criteria are considered in assigning
land capability classes:
I Using manual labor and/or bullock power, under proper maintenance
of terraces and management of water control, the paddy terraces
up to 60 percent slope can be used for culitvation.
2, Land will be well managed and cropped using manual labor and/or

bullock power except the land with capability class | and I,
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where mechanized cultivation can also be done. Land classes from

| to IV are suited for cultivation and other uses including range

and wildlife. Land classes from V to IX are of limited use such

as forestry, range, wildlife and recreation and are generally

not suited to cultivation without deleterious effects on the land.
3 Land is assigned to a capability class based on existing limitations,

even though the removal of these limitations are economically

feasible. The land capability class will be changed once the
limitations are removed.

b, The land capability class assigned is not based on distance to
market, size and shape of the land, transportation facilities,
locaficn within the field, type of owner and other factors not
controlled by the land characteristics.

5 The land capability class is not assigned to landuse such as
urban or built up land, water and snow, because these are beyond
its scope and those areas are denoted the same as in the landuse
map.

The land capability classification system is given in Figure 3
for climatic zones | and |l and in Figure 4 for climate zone 111,

The properties of the land capability classes are summarized in
Table 8 for climatic zones | and Il and in Table 9 for climatic zone I11.
Summarized description of thelland capability classes is given in Table
10 for climatic zones | and Il and in Table 11 for climatic zone I,
Detailed descriptions of the land capability classes are given in

Appendix 3.
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Table 10. Summarized description of landuse-land capability classes for

climatic zones | and Il for Nepal.

Capability

Class

Desaription]

Vi

Vil

Cultivable; with very high productive capacity; no
significant erosion hazard, limitations, risks of soil
damage, or need for conservation measures.

Cultivable; with high productive capacity, slight or no
erosion hazard; some limitations, risks of soil damage
or need for conservation measures.

Cultivable; with moderately high productive capacity;
moderate erosion hazard, limitations, risks of soil
damage or need for conservation measures.

Cultivable; with low to moderately high productive
capacity; severe erosion hazard, limitations, risks of
soil damage or need for conservation measures.
Forestry; with high productive capacity; slight or no
erosion hazard, limitations, risks of soil damage, or
need for conservation measures.

Forestry; with moderate productive capacity; moderate
erosion hazard; moderate to severe limitations, risks
of soil damage or need for conservation measures.
Forestry; with low productive capacity; severe erosion
hazard; moderate to severe limitations, risks of soil

damage, or need for conservation measures.
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Table 10. (continued)

Capability

Class

Description

VIl

No economic potential for plant production; no signifi-
cant erosion hazard and either slight or no limitations
or risks of soil damage if soil depth and/or rockiness
are limiting factors or first or second category of
limitation if soil depth or rockiness is not limiting
factor; slight or no need for conservation measures.

No economic potential for plant production; severe
erosion hazard, or need for conservation measures. It
has either slight or no limitation and risks of soil
damage if soil depth, and/or rockiness are limiting
factors or first or second category of limitations and
severe risks of soil damage if soil depth or rockiness

is not the limiting factor.

IDescription applies only to the recommended use for the assigned land

capability class.
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Summarized description of landuse-land capability classes

for climatic zone 111 for Nepal.

Capability

Class

Desaription]

Vi

VIl

VI

Cultivable; with low productive capacity; slight or no
erosion hazard, limitations, risks of soil damage, or

need for conservation measures.

Forestry; with low productive capacity; moderate to

severe erosion hazard; moderate limitations, risks of

soil damage, or need for conservation measures.

No economic potential for plant production; .no significant
erosion hazard; and either slight or no limitations or
risks of soil damage if soil depth and or rockiness are
limiting factors or first or second category of limitation
if soil depth or rockiness is not limiting factor; slight
or no need for conservation measures.

No economic potential for plant production; severe erosion
hazard, or need for conservation measures. It has either
slight or no limitation and risks of soil damage is soil
depth and/or rockiness are limiting factors or first or
second category of limitations and severe risk of soil

damage if soil depth or rockiness is not the limiting

factor.

IDescriptiOn applies only to the recommended use for the assigned land

capability class.
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L, A CASE STUDY IN PHEWA LAKE WATERSHED
L,0 Introduction

The Phewa Lake Watershed covers an area of 12,324 ha. Average
annual rainfall is about 3,700 mm (145 in) and mean annual temperature
ranges from 12°C in December/January to 25°C in July/August as
measured at Pokhara at an elevation of 850 m (2,789 ft). Elevation of
the watershed ranges from 850 m (2,789 ft) to 2508 m (8,220 ft). Grey
phillitic schist is the dominant rock present throughout the watershed.
In the northeastern part of the watershed, the grey phillitic schist
is interbedded with carbonaceous conglomerate, in the western part
with quartzite schist, and in the southern part with talc rich (red
phyllitic) schist. (Integrated Watershed Management (IWM.) Project
Report 1980.) Location of the Phewa Lake Watershed is given in
Figure 5.

This section is based on the work of Impat (1980), IWM (1980)
and the study of 1:65,000 (approximately) scale aerial photographs.
Field checking is not possible at this time so the maps and classifi-
cation results should be considered tentative. Some error due to

small scale and quality of the aerial photographs is expected.

k,1 Soil Classification of Phewa Lake Watershed

The soil classification is based on 34 soil profile descriptions,
a landuse map (Impat, 1980) and aerial photographs. Because of
insufficient number of profile descriptions, soil was classified only

to great group and if possible to subgroup level.
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POKHARA

* KATHMANDU
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Figure 5. Location of the Phewa Lake Watershed (IWM, 1980)
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Udifluvents, Udorthents and Dystrocrepts are the dominant great
groups of soils in the watershed. Common subgroups are Typic
Udifluvents, Typic and Lithic Udorthents and Typic, Lithic and Umbric
Dystrocrepts. Only Udifluvents were mapped to subgroup level.

It is expected that some Udrothents are included with Dystrocrépts
and vice versa because of the small scale of the photos and lack of
supplementary information. It is not possible to pin point the
percentage of inclusion without field checking, but, based on profile
descriptions and corresponding landuse it is expected to be below
10 percent.

Clay loam, loam and sandy loam are the predominant topsoils
textures of the Dystrocrepts and Udorthents. Sandy to sandy loam and
loam are the main topsoils textures of the Typic Udifluvents. Generally,
the soils of the watershed have moderate fertility limitations of lTow
available phosphorus and potassium and relatively high acidity. Acidity
is not a limitation for paddy even-though the pH is generally below
5.5 (critical value of pH).

The soil map is integrated with stoniness or rockiness and soil
depth (Impat, 1980) and is given in Figure 6. Areas smaller than 8 ha
are included with an adjacent soil unit that is closest in character.

Udorthents, Dystrocrepts and Typic Undifluvents are denoted by
U, D and TUF in Figure 6 and first and second categories of limitation
are denoted by ' and ' sign respectively at the upper right corner of

the soil group designation.
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L.2 Landform Classification of Phewa Lake Watershed

The landform classification is based on aerial photographs, the
work of IWM (1980) and the soil map (Impat, 1980). Hills and valleys
are the two basic landforms. Convex ridges, dip slopes, scarp slopes
and complex slopes define the hill landforms., Similarly alluvial non-
flood plains, alluvial flood plains, alluvial fans and outwash terraces
are the valley landforms. Two active complex rapid mass movements are
recognized in the complex slopes landform.

Due to scale, vegetation cover, quality of photographs and lack
of supplementary information, some slopes are not categorized to
level |1l classification and 10 percent of inclusion is expected.
Landforms smaller than 5 ha are included into the nearest appropriate
category. The landform map based on landform classification system
(Figure 1) and slope classes (Table 5) is given in Figure 7.

From measurements on the aerial photographs the drainage texture
in the watershed is classified as 'fine' indicating high run-off. Here
the high run-off is probably due to the steep slopes, high intensity of
rainfall, shallow soil depth, sparse vegetation and impervious bed
rock. Drainage orientation analysis (Figure 8) indicates a parallel
pattern showing that the streams are likely to be controlled by either
fractures, joints or faults that run along the slopes and that are

mainly oriented NE-SW,
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4,3 Landuse Classification of Phewa Lake Watershed

The landuse classification is based on aerial photographs, the
landuse map and soil profile descriptions by Impat (1980) and the
landuse map by IWM (1980) of Phewa Lake Watershed. The main landuses
in the watershed are villages, towns, paddy terraces, upland terraceg,
lower slope hardwood forests, upper slope hardwood forests, oak
forests, herbaceous rangelands, shrub and brush rangelands, lake, streams
and barren lands. A zoom stereoscope was used to distinguish the
paddy and upland terraces along with landuse mentioned in soil profile
descriptions (Impat, 1980). Due to a shadowing effect, scale and
resolution problems, some errors are expected in distinguishing paddy
terraces from upland terraces on the aerial photographs. In distin-
guishing paddy terraces, emphasis is given to water resources available.
It has been the tradition that people do not make paddy terraces unless
they can irrigate for paddy cultivation. Areas smaller than 3 ha are
not mapped and 10 percent of inclusion of landuses is expected. The

landuse map based on landuse classification system (Figure 2) is given

in Figure 9.

4.4 Landuse - Land Capability Classification of Phewa Lake Watershed
The soil map (Figure 6), the landform map (Figure 7) and the land-
use map (Figure 9) were overlaid and the appropriate land capability
class (Figure 10) was assigned. A land capability class was not
assigned to landuses such as urban and water, because these are beyond

its scope and these areas are denoted the same as on the landuse map.
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5. CONCLUSIONS AND RECOMMENDATIONS
The efficient utilization of land resources can be achieved by
proper planning and uses of land based on an accurate landuse - land

capability classification. The landuse - land capability classification

is based on soil, landforms and vegetation or landuse is a logical

scientific approach to land classification relevant to landuse. The

landuse - land capability classification system:

| "

Classifies the land based on (a) the inherent capability of

the land for agriculture, range or forestry utilization, (b) con-
servation measures needed to control erosion and (c) limitations,
risks of soil damage and erosion hazard for certain landuses.
Guides landowners in choosing the most appropriate use for the
land.

Provides guidance to landuse planners.

Will facilitate effective planning of research on land management
and assist in extrapolating result in extension programs.

Permits the compilation of soil, landform and vegetation or existing
landuse maps, that can be used for interpretations for other
purposes such as urban development, wildlife management, etc.

One of the major problems of the system is it requires considerable

amount of time and labor.

The system should be tested in other parts of Nepal, and should

be further refined before being extensively used.
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The further development of the system should stress:
(1) Quantification of productive capacity, erosion hazard, limitations,
risks of soil damage and need for conservation measures.
(2) Consideration of micro-climate such as aspect, rainfall patterns,
growing seasons and frost.
(3) Consideration of local socio-economic conditions.
(4) Consideration of irrigatability of land.
The classification system reflects the present needs and socio-
economic conditions, As technology progresses, the classification
system must reflect the changes to continue to satisfy the objectives

set out for landuse.
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s APPENDIX

Appendix 1. Definition of New Landform Terms for Nepal.
Code 223: Complex slopes.

In mountainous areas with slopes of sedimentary rock, quite oftgn
scarp slopes are mixed with dip slopes making it practically impossible
to differentiate these two in the mapping processes. Complex slopes
are defined as those that contain at least 25 percent of land area in
each of the scarp slope and dip slope categories. The slope generally
has characteristics of both categories,

Code 224: Homogeneous slopes or Non-sedimentary slopes.

Non-sedimentary rock will not have dip, scarp or complex slopes.
The characteristics of underlying rock determine the characteristics
of slopes. Thinly bedded soft rock like shale also may resemble non-
sedimentary rock. Generally, drainage patterns are not controlled by
the underlying rock structures.

Code 415: Complex rapid mass-movement.

In the field, two or more types of rapid mass movement usually

occur together and differentiation is not feasible. Such situations

are categorized as complex rapid mass movement and are among the most

common types.
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Appendix 2. Description of Landuse Terms for Nepal.

The description of different landuses, which have a different meaning
than as defined by Anderson et al., (1976) and or by standard diction-
aries are outline here. The terms not defined here have the same
meaning as defined by Anderson et al. (1976) or in standard dictionaries
or textbooks. The description of forest landuse is contained in
Appendix Tables 1 and 2,

Code 14: Others,

All other residential, commercial and service areas, which do not
belong to the village, town and city are included in this category,
Examples are isolated grain storage houses, service centers or
restaurants on highways; educational and religious building or temples
and associated areas.

Code U33: Others.

This category includes all minor facilities for transportation,
communication and utilities, viz. electric substations, areas used for
radio and communication antennas, transportation or water and electricity
and railways.

Code UL: Others,

Urban or built up areas not included in the other urban categories
falls in this category, viz., urban parks, zoos, stadiums and play-
grounds, waste dumps, and areas associated with them such as parking
lots, roads, etc.

Code All: Paddy Terrace.

Paddy terrace is the almost level cropland where paddy can be

grown without significant land alteration if climate permits.
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Code Al2: Upland Terrace.

Outward sloping terrace where land alteration has been done, but
significant land alteration is still needed to cultivate paddy. Corn,
millet, and potatoes are the ﬁain crops.

Code Al3: Non Terrace.

Slope cropland without any significant alteration to its natural
slope. Corn, millet, and potatoes are the main crops. |t needs
extensive land alteration for paddy cultivation,

Code A3: Others.

Agriculture land not included in cropland and pasture falls
into this category, viz., orchard, nursery, etc.

Code WL: Wetlands.

"Wetlands are lands transitional between terrestrial and aquatic
systems where the water table is usually at or near the surface or
the land is covered by shallow water' (Cowardin et al., 1979) for a
significant part of most years. Wetlands are mostly associated with
depressions with low soil permeability. Flood plains, that are
seasonally flooded as a function of the hydrologic cycle and where
wetness of the flooded period is too short to establish wetland
vegetation are not included in this category.

"Wetlands must have one or more of the following three attributes:
(1) at least periodically, the land supports predominantly hydrophytes;
(2) the substrate is predominantly undrained hydric soils; and (3) the
substrate is non-soil and is saturated with water or covered by shallow

water at some time during the growing season of each year.' (Cowardin

et al., 1979)
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Appendix 3, Description of Land Capability classes for Nepal.

Land Class |

This includes cultivable land with very high productive capacity,
no significant erosion hazard, limitation, or risks of soil damage
and requires no significant conservation measures.

Land Class | includes the land with soil depth more than 70
centimeters, slope and stoniness or rockiness less than 3 percent and

no other soil, excess wetness or inundation limitations. Mechanized

cultivation can be utilized in Class | land without significant soil
damage.
The land of Class | may be in climatic zones | or |l. Under

climatic zone | conditions, at least three crops a year can be grown
including a paddy and paddy can be cultivated with bunding for water
storage. Under climatic zone || conditions, at least two crops of
either maize, wheat, potatoes, or millet can be grown without any land
alteration, but no paddy can be grown. Cultivation of land Class |

requires very low effort and few or no significant conservation

measures,

Land Class |1

This includes cultivable land with high productive capacity, slight
- or no erosion hazard, some limitations or risks of soil damage and

requires some conservation measures.
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(3) Land with stoniness or rockiness less than 50 percent, soil depth
either 15-70 cm if slope is 15 to 60 percent or more than 70 cm
if slope is 40 to 60 percent and severe limitations of soil
properties exists,

(4) Land with slope more than 60 percent, soil depth more than 15 cm,
stoniness or rockiness less than 50 percent and soil limitations
exist.

Climatic zone |11

Land Class IX is land with slopes more than 15 percent, stoniness
or rockiness less than 90 percent and soil depth either less than 40

cm if no limitation exists or more than 40 cm if soil limitations

exist.

Because of great vulnerability of such areas to erosion hazard,
under all climatic zones, land Class IX should be strictly protected
from biotic disturbance and requires extensive conservation measures
to control further degradation. These lands should be used for pro-
tection forest and wildlife only. |Included in this land class are

landforms that resulted from rapid mass movement, and badlands.
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Description of broadleaved and coniferous forests in

Nepal.(Forest Resources Survey, 1973; Stainton, 1972).

leaved

ment i oned

Species that make General altitude
Code Description >75% of basal area range
-=-=-=meters-----
F 1 Broadleaved Other than Coniferae
Forest order
FI11 Sal Forest Sal (Shorea robusta) up to 1067
F12 Terai Hardwood Asna (Terminalia
Forest tomentosa), jamun
(Syzygium cumini),
gutel (Trewia
nudiflora), kala
siris (Albizia
species), Semal
(Bombax ceiba)
karma (Adina cardifolia)
and Sal (Shorea robusta)
F13 Khair=sissoo Khair (Acacia catechu)
Forest and sissoo (Dalbergia
sissoo)
Flk Lower Slope Mixed Schima and Castanopsis 610-1524
Hardwood Forest species
F15 Upper Slope Mixed Acer, Aesculus, Juglans, 1524-2743
Hardwood Forest Betula, Fraxinus, Alnus,
Prunus, Celtis, and
Quercus species.
F16 O0ak Forest Quercus species 1219-3810
F17 Birch Forest Betula species 2896-4420
F18 Broadleaved Short scraggly stunted
Scrub all broadleaved
F19 Other Board Other than above
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Appendix Table 1 (continued)

Species that make General altitude
Code Description >75% of basal area range
------ meters=-=-=
E 2 Conifer Forest Coniferae order
F21 Chirpine Forest Chirpine (Pinus 914-1829
roxburghi i
F22 Bluepine Forest Bluepine (Pinus 1829-3658
excelsa)
F23 Fir Forest Fir (Abies species) 2134 to treeline
F2h Hemlock Forest Hemlock (Tsuga species) 2134-3353
F25 Spruce Forest Spruce (Picea smithiana) 2134-3353
F26 Deodara Forest Deodara (Cedrus 1981-2896
deodara)
F27 Conifer scrub Short, scraggly stunted

all coniferae order

F28 Other conifers Other than above mentioned
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Description of mixed forests in Nepal (Forest

Resources Survey, 1973)

Code

Description

Species each making > 25% Basal Area

F3

F31

F32

F33

F34

F35

F36

F37

F38

Mixed Forest

Chir-sal Mixed
Forest

Chir-oak Mixed
Forest

Bluepine-0ak
Mixed Forest

Fir-0ak Mixed
Forest

Birch=Fir Mixed
Forest

Hemlock-Upper
Slope Mixed
Forest

Hemlock-0ak
Mixed Forest

Other Mixed

Coniferae order and others

Chirpine (Pinus roxburghii) and Sal
(Shorea robusta)

Chirpine (Pinus roxburghii) and oak
(Quercus species)

Bluepine (Pinus excelsa) and oak
(Quercus species)

Fir (Abies species) and Oak (Quercus
species

Birch (Betula species) and Fir (Abies
species

Hemlock (Tsuga species) and species of
upper slope mixed hardwood (Appendix
Table 1)

Hemlock (Tsuga species) and Oak (Quercus
species)

Other than above mentioned conifer
species and broadleaved ispecies.







