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INTRODUCTION TO LAND USE SUMMARY

The purpose of the land use summary is %o give the
reader a broad overview of the Yemen land use project, its
objectives, and its findings. Presented herein are
abstracted and summarized materials from the several volumes
of the firal report. Included are discussions on project
background, land use classification methods, descriptions,
mapping, and statistical compilation of the land use data
derived from Landsat satellite image interpretations. The
Base Data Use Flow Diagram, discussed in Appendix 2 of
Voiume II, has been included here. The summary table, which
presents land use area estimates for the various
agricultural land use elements by geographic region, has
been included for comparison with a set of photographically
reduced land use maps. The area summary table and maps will
help clarify the land use element descriptions and their
spatial distribution throughout Yemen west of 45 degrees 30

minutes East Longitude.

Briefly described in the last part of the land use
summary is the techrology transfer training program. The
training program was developed to provide the basis for
institutionalization of the remote sensing technology in

Yemern.

In reviewing these final report documents, the reader
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is advised to pay particular attention to the philosophical
implications related to the fundamental approach to
technology transfer and adaption. Consideration is given to
a new resource information collection system and the
development of the ability of a host country, such as Yemen,
to be able to make a rational choice about the potential of
rew tachnologies. All has not been accomplished in this
project. The shortcomings to institutionalization are
recognized and a continuing exchange of ideas is considered

most important.
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ABSTRACT

To meet national planning needs of the Yemen Arab
Republic, an agricultural land use and s0il inventory was
initiated in 1980 through a bi-lateral agreement between
USAID and the Yemen Ministry of Agriculture. Cornell's
Resource Information Laboratory has served as the contractor

for the land use portion of the project.

Multispectral imagery from the Landsat III Satellite
has been speétrally enhanced using masking techniques,
chromatic Diazo film materials and standardized photographic

and optical processes. By'incorporating the Universal
.Transverse Mercator grid system for geographic referencing
of land use/cover the country of North Yemen west of 45
degrees 30 minutes East Longitude has been mapped from
satellite imagery at a scale of 1:250,000 and statistically
summarized. For data retrieval and analysis the UTM has
been cell indexed, with a standard cell size of 100 square

kilometers. A minimum map unit of 25 hectares was used.

In defining and classifying the land use/cover for
Yemen a regional geographical analysis approach was
identified as being appropriate. Yemen was divided into
four major regional units and eighteen specific elements of
land use. The land dse elements, viewed as subsets of a

region, reflect thematically the physical and cultural



features and localized land use practices that can be
systematically identified as a particular spectral, tonal or
textural signature on the satellite imagery. Within the
four regional units of the 1Tihamah Coastal Plain, Western
Highlands, Central Highlands and Eastern Plateau the major
agricultural land use elements or categories identified are
intensive agriculture, rainfed cropland, terrace and wadi
cultivation, cultivated highland plains, and plateau wadi

agriculture.

Mapping efforts were planned, coordinated and carried
out at the national level to facilitate integration into
other base data sets now existing or those that might be
, developed in the future. Hierarchical integration of
“(selected levels of data detail has been an operational
objective in relation to the development of retrievable

spatial information whnich can be used for a range of

agricultural or natural resource development applications.

Statistical compilation for each 100 km UTM referenced
cell has included the total cultivated land within each land
use/cover category, mean percentage of cultivated land, and
variance among land class samples. To add depth to the
interpretative processes data have also been developed and
geo-referenced on the agricultural land use as derived from
tobographic maps and on population density/distribution.

The land use statistical summary indicates for Yemen a total

estimated cultivated land area of 2.06 million hectares.

vi



This estimate includes active plus fallow and represents
17.2% of Yemen's total land area west of U5 degrees 27

minutes E. Longitude.

Accuracies for the satellite image interpretations, as
derived through sampling with aerial photographs, indicates
an overall national land use accuracy of 83%. Regional
accuracies range from 73% in the Western Highlands 0 93% in

the Tihamah Coastal Plain.

Institutionalization through technology transfer and
adaptation is one of the major objectives of the Yemen Land
Use Inventory project. To facilitate this objective a
specially designed training program was developed and
delivered along with and integral to the originally
contracted project work. Two Yemen Ministry of Agriculture
staff members were sponsored by USAID. These participants
attended Cornell University for one academic year and were
not only exposed to academic subject matter in soils, remote
sensing, land use and natural resources, but also to
instruction in the identification of appropriate
technologies applicable to their country -- specifically in
~ respect to how a particular technological development
package irtegrates into the recipient LDC's social,

economic, technical and/or physical environment.
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1.1 Introduction and Overview

National agricultural planning requires resource
information. To support such planning efforts in the Yemen
Arab Republic the Resource Information Laboratory at Cornell
invehtoried the agricultural land use in Yemen. This
inventory was initiated in 1980 through a bi-lateral
agreement between USAID and the Yemen Ministry of

Agriculture.

In the Yemen Land Use Inventory, land use and
vegetative cover in Yemen were mapped from satellite
imagery, geographically refqrenced, and statistically
summarized. Multispectral imagery from the earth resources
gatellite Landsat III was spectrally enhanced using masking
techniques, chromatic Diazo materials and standardized
photographic and optical processes. The Yemen Arab Repiblie
west of 45 degrees 30 minutes East Longitude was mapped from
these images at a scale of 1:250,000, using a regional
geographic analysis approach in defining and classifying
land use. The minimum map unit was 25 hectares. The
Universal Transverse Mercator (UTM) grid system was
incorporated for geographic referencing, statistical summary
of land use measurements, and data storage and retrieval,

using a standard cell size of 100 square kilometers.

To help illustrate the process of regional geographic

analysis and how this relates to the remote sensing of Yemen



agricultural land use and the technology transfer program,
the Base Data Use Flow Diagram, from Appendix 2, is included
here. This diagram is different from the Operations
Schedule presented in Appendix 1. The flow diagram outlines
the information flow processes for the selected subject
~matter as it is used, and indicates how the various sources
of background data such as topography, population,
vegetation, geology, soils, aerial and ground photographs
have been integrated with the satellite materials through
the land use classification process. The feedback loops
illustrate the continuing refinement required for the
interpretation of land use from satellite data as new

information beccmes available.

Also demonstrated in the Base Data Use Flow Diagram is
the need for systematic and timely collection and storage of
basic environmental, population, and economic data. The
processes used for the Yemen land use project show how a
fundamentally operational resource information system might
be develcoped in Yemen to support agricultural and other

developmental needs.

The Yemen Land Use Inventory has been an applied
research investigation demonstrating the cost-effective
utility of using Landsat III-derived data. This project has
used what is referred to as "appropriate" methodology for
technology transfer -- low cost methods compatible with the

economic and social environment of Yemen. This approach is
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in contrast to many widely used capital intensive methods of
multispectral image analysis. The building of a base of
technology that can easily be integrated into the Yemen
Ministry of Agriculture with minimal costs is the

institutionalization goal of the inventory.

The two-part Cornell project has been controlled by one
overall contract. Cornell's Resource Information Laboratory
and Department of Agronomy have been actively working with
USAID's Near East Bureau since project work commenced in May
1980. The agronomy portion of the project has focused on
soil survey at the reconnaisance level with mapping at the
scale of 1:500,000. This effort is discussed in a sSeparate

report.

There are two phases outlined in the 1978 Project Paper
that was prepared by Dr. Ernest E. Hardy (land use) and Dr.
Armand VanIWambeke (soils). The land use inventory covered
in this project report represents Phase I. Phase IT with
appropriate modifications is oriented toward establishment
of an operational resource information unit in Yemen. This
unit would be the next logical step in building the resource

information base of which the current inventory is a part.

The general Phase I objectives for the land use project

are:
1) To provide information about land use and soils
resources for better decision-making processes.

2) To aid in developing the best use of scarce natural



3)

4)

resources in the country.

To provide training necessary to make use of modern
techniques of natural resource data acquisition and
dissemination.

Te provide information suitable to allow transfer of
technical knowledge from other parts of the world to

the Yemen situation.

The specific operational objectives of the land use

project are:

1)

2)

3)

Production of a land use map of Yemen at a scale of
1:250,000 showing a limited number of land utilization
types (such as irrigated areas, range areas, urban
areas, etc.) which can be recognized on Landsat
imagery. This map would be equivalent to the Level I
classification described in the U.S. Geological Survey
Professional Paper 964. The map includes the
classification of land use in Yemen west of Longitude
45 degrees 30 minutes, but does not include the islands
10 the Red Sea. |

Analysis of time-lapse satellite imagery to measure
recognizable changes in land use, cropping patterns,
etc. Imagery dating back ta 1972 were to be studied to
form a base pericd to compare with the most recently
available coverage.

The academic/special training of one or two Yemeni soil
Scientists in satellite interpretation and soil

analysis.



In view of the objectives discussed above, general and
specific, the rationale for the Yemen project was fourfold:

1; The host country was interested in establishing
resource management practices.

2) The host country wished to acquire and use information
on land resources for decision making purposes..

3) Because of rapid population growth and migration and
the impact on the land and water resources, rigorously
defined systematic and repetitive measurement
techniques and systems for monitoring land use changes
and resulting impacts were needed.

4) Because of the potential capabilities for timely
resource data acquis;tion from sensors in orbiting
Spacecraft, monitoring could be accomplished if low-
cost methods, which provide a base for positive
technology transfer to LDC's, were refined, made

applicable and institutionalized.

1.2 Classifying, Mapping and Stat;stical Compilation

of Yemen's Land Use

In defining and classifying the land use/cover for
Yemen a regional geographical analysis approach was
identified as being appropriate. Yemen was divided into
four major regional units and eighteen specific elements of
land use. The land use elements, viewed as subsets of a
region, reflect thematically the physical and cultural

characteristics and localized land use practices that can be



systematically identified as a particular spectral, tonal,
or textural signature on the sateilite imagery. The four
regional units are the Tihamah Coastal Plain, Western
Highlands, Central Highlands and Eastern Plateau. Major
agricultural land use elements or categories identified are
intensive, rainfed, terrace and wadi, cultivated highland

plains, and plateau wadi agriculture.

Mapping efforts were planned, coordinated and carried
out at the national level to facilitate integration into
other base data sets now existing or those that might be
developed in the future. Integration of selected levels of
data detail has been an operational objective in relation to
the development of retrievable spatial inf.rmation, which
can be used for a range of agricultural or natural resource

development applications.

Statistical compilation for each 100 km UTM referenced
cell has included the total cultivated land within each land
use/cover category, mean percentage of cultivated land, and
variance among land class samples. To add depth to the
interpretative processes data have also been developed and
geo-referenced on the agricuitural land use map as derived
from topographic maps and on the basis of population
density/distribution. The land use statistical summary
shown bélow indicates for the Yemen Arab Republic a total
estimated cultivated land area of 2.06 million hectares.

This estimate includes all active and fallow agricultural



land and represents 17.2% of Yemen's total land area within
the project study area (west of U5 degrees 30 minutes East

Longitude, not including Red Sea islands).

Accuracies for the satellite image intepretations, as
derived through sampling with aerial photographs, indicates
an overall Level I naticnal land use accuracy of 83%.1

Regional accuracies range from 73% in the Western

Highlands to 93% in the Tihamah Coastal Plain.

1.3 Calculating the Agricultural Composition of

Land Use Classes

Categories of land use are not 100 percent pure units.
A land use class called hUrban Land," for example, contains
small portions of non-urban land (such as ro-k outerops,
natural vegetation, and bare 30il) among the houses and
other buildings. These minor impurities in the land use

class are called inclusions.

Agricultural land use classes as well include bare rock
and soil, rangeland, natural vegetation, and scattered
dwellings in addition to cropland. It is therefore
importént to realize that 5,000 hectares of an agricultural

land use class are not equivalent to 5,000 hectares of

1 The Level I concep* referred to here is best illustrated
in Appendix 3, which contains USGS Prcfessional Paper

964. As an example, agriculture is a Level I category
whereas different types of agriculture represent the more
specific Level II subcategories.
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cropland. If the land use class contains 80 percent
cropland, the actual area in agricultural usage would be
4,000 hectares. The percent of cropland in each land use
class must be known in order to calculate total area of
agriculture on a regional or national basis, and to detect
the geographic setting in which Yemen's most productive

agricultural resources lie.

The Yemen land use classification, developed and used
in Project 279-0042, contains several categories of
agricultural land. Some of these include nearly 100 percent
cultivation, while others contain as little as fifty percent
cropland. Each agricultural land use category contains a
relatively consistent percentage of actual cropland, as
listed in the attached tahle under the column entitled,
"Percent Agriculture in Category." These figures are the
results of a sampling procedure involving airphoto analysis

of the agricultural composition of each lénd use category.

Several sample sites representing each land use
category were compiled through a stratified random selection
process. A percentage of cropland was calculated for each
site, and these were averaged to yield a mean. The standard
error of the mean was also calculated and represents the
range within which 95 percent of the land use class will be

contained.

The Rainfed Plains Agriculture class (P1), for example,

contains 78 percent cropland, plus or minus 10 percent.
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According to the statistical formulas used, 95 percent of
occurrences of the P1 category will fall within the range of
68 to 88 percent cropland. It is known that 589, 800
hectares of Pi were mapped in the Yemen Land Use Inventory;
the mean actual cropland figure, then, would be 78 percent
of 589,800, or 460,000 hectares. The possible high and low

figures are 519,000 and 401,100 hectares, respectively.

Nine of the eighteen Jand use classes in the Yemen Land
Use Inventory are agricultural (see Table 1-1). Together,
these add up to 34,623 square kilometers or about 28.9
percent of the Yemen Arab Republic west of 45 degrees 30
minutes East Longitude. The mean total cropland contained
within these classes is 20,559 square kilometers or 17.2
percent. Considering the standard error of the mean for
each land use class, the high and lowvestimates are 23,285
square kilometers and 17,833 square kilometers of actual
cropland. A detailed explanation of the sampling procedure

is ccntained in Appendix 7.

A set of the land use maps generated from this project
have been included, for review and explanation of the land
use elements and statistics. These six maps are
photographic reductions of the 1:250,000 maps presented in
Volume III of the final report. Careful examination of the
maps will give the reader a better appreciation of the
complexity of Yemen's agricultural lands and in particular

to the relationships between the agricultural lands,

population distribution, and the physical environment.
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1.4 Summary Descriptions and Statistics by Region

and Land Use Units

The following pages contain summary descriptions and
area statistics for each of the four geographic regions and
eighteen land use categories. An emphasis on classifying
basic types of agriculture is evident. It should be noted
that the urban land area measurement is minimal. The
project did not focus attention on this category, primarily
due to the fact that the mapping scale is very small for
adequate representation cof the thousands of small villages
throughout Yemen, and furthermore, satellite imagery was not
the most appropriate source for systematic mapping of

urbanized or built-up areas.

Region 1: Tihamah Coastal Plain

The Tihamah represents 19,025 square kilometers bf
land, or about 16 percent of the project area in Yemen.
This region has a hot and dry tropical climate. The coastal
plain of the Red Sea consists of silt, sand, gravel, and
rock. In areas with finer textured soils, agriculture is
abundant. Wadis, or seasonally flowing rivers, leave the
mountainous areas and flow partly across the Tihamah Plains,

supplying water to the croplands through irrigation.

Within the region four land use classes have been
identified: Al--Intensive Agriculture; P1--Rainfed Plains

Agriculture; R1--Bare/Range Land; and Ul--Urban Land.



Al--Intensive Agriculture

About 2500 square kilometers, or 13 percent
of the Tihamah Region, has been identified in this
form of land use. Nearly all of the A1 class is
near the major wadis of the Tihamah, using these
for irrigation water. Pumped well irrigation in
other areas also accounts for agriculture in the
intensive category. Sorghum, millet, and maize

are common crops.

P1--Rainfed Plains Agriculture

This land use class covers 5,898 square
kilometers in the Tihamah, or about 31 percent of
the region. This class represents a low intensity
form of agriculture; a common example of this
category is the planting of widely spaced millet
and beans, on land with a marginal water supply
from rainfall. Most of the P1 category is
restricted to the eastern half of the coastal
Plain, in the central and northern parts of the

region.

R1--Bare/Range Land

Bare and range lands have been combined
because in Yemen these categories are so often
inseparable. A large amount of land in the

western half of the plain falls under this

14
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category; 10,587 square kilometers, or about 55
percent of the region. Natural vegetation occurs
in many different forms, including tufted grassy
growth, acacia and other trees, dwarf shrubs, and
drought-tolerant plant species. Uses of the
bare/range category include grazing of livestock,
rainwater harvesting (the collection, temporary
storage, and rerouting of rainwater and runoff to
increase water available for cropland irrigation),

and firewood harvest.

Ul=-=Urban Land

Several large towns (greater than 1,000
inhabitants) and a few cities occur in the Tihamah
- region. Thirty-seven square Kilometers, or 0.2
percent of the region, has been classified as U1.
These urban areas represent major centers of local
trade, new commercial enterprises, and
development. The pattgrn of small villages is
prédominant and the few cities represent only a

small proportion of the regional population.

Region 2: Western Highlands

The Western Highlands Region is a nountainous, rugged
section of Yemen, encompassing over 35,000 square
kilometers, or about 30 percent of the country. Mountains

exceeding 3000 meters are present; volcanic extrusions and
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precambrian shield are the most common geological features.
Rainfall reaches its highest levels in the south and central
parts of the region; the north is drier. Terrace
agriculture is most highly developed in the Western

Highlands.

Within the region, five land uses have been identified:
T2-~Terrace and Wadi Aériculture; H2--Highland Plains
Cultivation; V2--Cultivated Volcanics; R2--Bare/Range Land;
and U2--Urban Land. |

T12--Terrace and Wadi Ag-iculture

This classification unit represents 15,905
square kilometers, or about 44 percent of the
region. Terracing on mountain slopes and cropland
on valley floors are combined in this category as
the most intensive agriculturél uses of the
Western Highlands. Sorghum is the most ccmmon
terrace crop, followed by several other grains.

Qat and coffee are grown at higher elevations.

H2--Cultivated Highland Plains

The Highland Plains unit is not common in the
Western Highlands, representing 325 square
kilometers, or about 0.9 percent of the region. A
few sczttered plains occur where alluvial or
aeolian fine-grained sediments have accumulated.

These are heavily cultivated with sorghum, wheat,



and barley.

V2--Cultivated Volcanics

"Cultivated Volcanics" does ndt ineclude all
the volcanic areas in the region. It is
restricted to the more shallow sloped landscapes
in which aréble pockets of soil are located.
Because these field systems are small and complex,
they cannot be mapped directly as land use. V2
thgn has been mapped as a particular landform type
with a distinct pattern of land use within it.
Agriculture generally accounts for slightly less
than half of the total area of V2. In the Western
Highlands Region, V2 is about one percent of the

total land, covering 346 square kilometers.

R2--Bare/Range land

Bare/Range areas cover 18,836 square
kilometers in the Western Highlands, which is
about 53 percent of the region. Many areas of
several hundred square kilometers each occur. The
primary uses of the category are grazing, water
harvest for nearby agriculture, and firewood

harvest.

U2--Urban Land

Urban Lands in the Western Highlands are

23



uncommon, because the typical highlands population
pattern occurs in very small villages. Several
large towns and a few major cities have been

identified, and these agcount for 0.1 percent of

the region.

Region 3: Central Highlands

This region is the largest in Yemen, with 48,339 square

kilometers, or about 40 percent o7 the project study area.
It has a temperate but fairly dry climate. Agriculture is
most abundant in the large Highlznd Plains areas and the
Culfivated Volcanics. Five classification units occur:
T3--Terrace and Wadi Agriculture; H3--Highland Plains
Cultivation; V3--Cultivated Volcanies; R3--Bare/Range Land:

and U3--Urben Land.

T3--Terrace and Wadi Agriculture

This category resembles the Western Highland
Terrace category. 1In the Central Highlands,
hovever, it is less abundant and accounts for only
3,130 square kilometers, or about 6.5 percent of
the region. Sorghum, oats, qat, and other crops

are grown on Central Highland terraces.

H3--Cultivated Highland Plains

The Highland Plains is representative of 1

common form of agriculture in the Central
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Highlands. These plains, consisting of rather
large aeolian or alluvial deposits, are cultivated
intensively. Maj»sr areas occur near Dhamar,
Ma'bar, Sa'dah, and Sana'a, with a total area of
3,170 square kilometers, or about seven percent of

the region.

V3--Cultivated Volcanics

The cultivated volcanics class is more common
and significant in the Central than the Western
Highlands. It is a complex of volcanic rock and
ash, pockets of cultivated land, and rangeland,
too intermixed to map its component parts
separately. The category includes 3,101 square

kilometers, or about 6 percent of the total area.

R3--Bare/Range Land

The Bare/Range category is the most abundant
in the region, with 38,919 square kilometers, or
about 80 percent of the Central Highlands. Uses
include grazing, water harvest for agricultural

use, and firewood harvest.

U3--Urban Land

Several urban areas are located in the
Central Highlands, including the capital city of

Sana'a. Most large towns, cities and villages are
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located among the highly productive Cultivated
Highland Plains, which can produce enough surplus
food to help sustain a non-farming urban
population. The 19 square kilometers of urban
land are less than 0.1 percent of the region's

total area.

Region 4: Eastern Plateau

The Eastern Plateau Region is the least developed,
‘1wast irhabited, and smallest of the four geographic
regions. Its climate is hot and dry, and the influence of
the large Rub Al Khali Desert is pronounced. Land use of
two types occurs--nomadic herding (the Bedouin lifestyle)
and the agricultuée-based existence of tribes along major
wadis. Four classification units have been mapped:
Al--Intensive Agriculture; S#--Scrub Vegetation;
RY--Bare/Range Land; and UY--Urban Land.

Ai--Intensive Agriculture

The A} category is the intensive, wadi-
irrigated cropland, totaling 246 square
kKilometers, or about 1.5 percent of the region.
Seasonal floods make agricultural use possible in

+ this otherwise very dry region. Sorghum, barley,

and other crops are grown.



SM--Scrub Vegetation

The SH# category covers 236 square kilometers,
or about 1.4 percent of the region. It is most
common in Wadi Jawf, east of the cropped areas.
Common uses are as a fuel source, and as a fodder

source when other livestock feed is less abundant.

R4-Bare/Range Land

Almost the entire Eastern Plateau Region is
in this class. 16,298 square kilometers
representing 97.1 percent of the region ocecur
here. The majority of this class is sand desert,
though some exposed rock and scattered grassy
vegetation occur among these lands. Bedouins and
their livestock inhabit and range throughout the

area,

U4-<Urban Land

Urban land is uncommon in the region, though
a few small cities occur. Ma'rib is the largest
of these. All urban areas of this region are

located amidst the agricultural areas near wadis.

27
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1.5 Yemen Land Use Inventory:
Comparison with Other Land Use Statistics

The amount of cultivated land in the Yemen Arab
Republic has been estimated by several different sources
during the past decade. The total arable land estimates
range widely from slightly over one million hectares to 3.5
million hectares. Some of these estimates are compared with
the USAID/YAR-MOA Project No. 279-0042 results in the
following table: .

Source and Date *Total Agricultural Land
, (hectares)

USAID/YAR-MOA
Project No.

279-0042, 1982 2,055,9000b

H. Kopp, 1981 1,983, 100b
1,652,800¢

British Topographic - 2,667,000Db

Series Maps, 1974

YAR-CPO 3,500,000a

Five Year Plan, , 1,000,000c¢

circa 1978

Statistical Yearbook

1976=-7T7

Statistical Yearbook

1975=-76 1,474,000¢

Statistical Yearbook

1974=75 1,552,000c¢

Statistical Yearbook

1973=-T4 1,297,000c¢

* nAgricultural land" means, as specified:

(a) all arable land, whether cultivated, fallow,
abandoned, or never used;

(b) all cultivated land, whether presently active or
inactive; or

(c) all annually active cropland only.
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1.6 Technology Transfer Training Program

Institutionalization through technology transfer and
adaptation is one of the major objectives of the Yemen Land
Use inventory project. To facilitate this objective a
specially designed training program was integrated with the
originally contrazted project work. Two Yemen Ministry of
Agriculture staff members were sponsored for one year of
study in the United States by USAID. These participants
attended Cornell University for one academic year. They
were exposed to academic subject matter in soils, remote
sensing, land use and natural resources. In addition they
received instruction in the identification of appropriate
technologies applicable to their country--specifically in'
respect to how a particular technological development
package integrates into the recipient LDC's social,

economic, technical and/or physical environment.

1.7 Summarz

The Yemen Land Use Inventory projeét has demonstated
that it is possible to map at least eighteen units of land
use with acceptable levgls of accuracy from the Landsat data
Sources. These eighteen categories have been formulated
into the individual classes that comprise the final form of
the Yemen Land Use Classification. A geographic referencing
system has been established in a format that can be

integrated with mini-computers. The land use information is



systematic for the whole country west of 45 degrees 30
minutes East Longitude. Because of variations in climatic
conditions and lack of previous land use data it has been
demonstrated that a land use study could not be done from
which accurate estimates of change could be made. Urban
land use mapring has not been a major focus of the project
due to the small scale and low resolution of the Landsat

system.

Two Yemeni students have been trained in resource
information analysis, remote sensing, land use and soils.
With all this a substantial base of knowledge now exists for
Yemen. It is on this base that agricultural planning can
begin to depend--providing this type of information is
maintained, disséminated to users and kept updated through a

resource information office.
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2.1 Evaluation of Project Objectives

The Yemen Land Use project represents a project of an
applied research nature directed toward the development of
needed agricultural resource information and the transfer of
related remote sensing technology. With the aid of
specially processed Landsat imagery land use patterns were
identified, classified, systematically mapped and
inventoried using a geographic referencing system based on
the UTM map projection grid. New techniques of preparing
low-cost satellite image enhancements were tested. The
project has provided the following:

1) A 1:250,000 national land use map with eighteen units
of land use identified in four geographic regions of
Yemen Arab’ Republic.

2) A set of land use area measurements and percentage
calculations (1978-80) that are geographically
referenced and summarized for over 1200 10x10 km UTM
grid cells.

3) A set of geographically referenced land use (1973) data
derived from topographic maps based on interpretation
of aerial photography. _

4) A set of geographically referenced and mapped
population density and distribution data which
corresponds in scale to the land use information at
1:250,000.

5) A classification of Yemen's agricultural land use as

developed from remote sensor sources--primarily Landsat



with aerial photographic considerations included.
6) The training of two Yemen specialists in soils, land
use, remote sensing resource inventories and technology

transfer.

2.2 Major Project Findings and Observations

While the Yemen Land Use project was not designed as én
investigative project in the research sense, certain
conclusions can be drawn ahout the work. They are:

1) Landsat data with the present technical specifications
and ground resolution can effectively be used to
produce accurate land use maps which are focused on the
geographic region and landform-based agricultural
system rather than individual fields.

2) The satellite data with present resolution of 90 meters
cannot be used for village locations. This is
especially the case in Yemen when the people often use
natural materials to build houses and the roads and
surrounding areas have similar spectral responses to
those of the built-up environment. |

3) Land use interpretation and mapping were most
difficult in the Western Highlands Region. This was
due to the complexity of land use and natural
vegetation cover in relation to the mountainous
terrain. Accuracy levels for the regions range from
93% in the Tihamah Coastal Plains to 73% in the Western
Highlands. The Central Highlands map accuracy is 87%
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and the Eastern Plateau is 93%. The high accuracies
reflect areas where the agriculture is predominantly
associéted with the wadis and therefore have a high
degree of intensive land use in contrast to background
reflectance signature. The mean national accuracy of
83% is good for an inventory--even when aerial
photography, which has a much higher ground resolution,
is used. .

Project statistical data reduction and summarization
indicate that the total cultivated land (active plus
fallow) is estimated on a national basis at 2.06
million hectares or 20,600 km2’ which is about 17.2% of
Yémen west of 45 degrees 30 minutes East Longitude. As
presented in the Summary Table the cultivated area in
square kilometers for each region is: Tihamah--6,727;
Western Highlands--8,379; Central Highlands--5,273; aﬁd
Eastern Plateau--180.

The project has also shown that land use mapping using
Landsat data and manual techniques is cost-effective.
The cost of the Yemen inventory was $251,587 (US-1983).
Yemen's land area is 82,400 square miles or 135,200
square kilometers (figures from Steffen and Geiser
1978). The study area (all of Yemen west of U5 degrees
30 minutes East Longitude) was 119,778 square
kilometers which represents 88.6% of the country. 1In
view of the project cost and area the per unit area

cost for eighteen categories of land use was .021
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dollars (US-1983) per hectare. This cost includes the
expenditures for all field activities, interpretations,
image processing, classification, mapping and data
summarization. Based on comparisons with other
projects which have been carried out overseas the Yemen
project costs are about 1/3 to 1/2 of the costs of
those projects, which have used other methods. Some of
these methods have used machine processing of image
data and still have not achieved accuracies higher than
those recorded in this project nor have they always

mapped more land use categories.

2.3 Contributions to International Development,

Remote Sensing and Geography

The Yemen project technically is an inventory of
land use; academically the inventory could be viewed as
applied geography. The project results have immediate
and future potential in geographic problem solving and
international development.

"To the geographer the ability to analyze

complexly distributed phenomena by objectively
measuring the nature of its distribution
represents a step forward in the understanding of
distribution, and the description of that
distribution by readily comparable and absolute
quantitative terms." (Latham, 1959)

The Yemen project has certainly added to such an

understanding. Specific contributions include:
1) It has been shown that a national land use project can

be accomplished using satellite technology and cost-
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effective methods.

2) The project has added some new cost-effective
techniques for image processing that are readily
transferrable to any LDC.

3) The project has developed a base of land use knowledge,
systematically collected,'which establishes a bench
mark at a particular point in time that will contrast
with future changes in land use pattern and
distribution.

4) Because of the high accuracy of the land use maps as
derived with the Landsat III resolution it is evident
that by using the same methodologies on the higher
resolution Landsat IV imege data much higher data
accuracies can be achieved without additional technical
labor cests for processing per unit area. This is not
yet the case with machine processing systems.

5).Agricu1tura1 development activities in Yemen can now be
further refined through the information from the
project and the basic frameﬁork for e resource
information unit has been developed through the

training of Yemen personnel.

2.4 Landsat Satellite Systems: A Concluding Comment About

Future Use

The Yemen Land Use Inventory used Landsat III image
data as a primary source of information. As the project has

demonstrated, it is possible to map at least eighteen
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categories of land use with an overall map accuracy of about
83 %. It has further been shown that the cost has been
0.021 dollars per hectare (US/1983), a relatively low figure
when compared to other programs -- some of which are five
times the cost of this project. From such findings it could
be stated that Landsat remote sensing for land use
inventories is cost-effective and certainly should be
considered for future work. 1In operational terms this is
not the case and would lead to inaccurate program or project
decisions. Along these lines it is appropriate to address
some issues that have a direct effect on the future use of

Landsat data.

Even though there havelbeen Earth Resources Satellites
in operation since 1972 (Landsats I, II, III, and IV), these
satellites and the associated ground processing facilities
have not been what is considered a widely accepted
operational system. The collective technology is still not
fully developed and accepted. 1In moving closer to the
operational remote sensing system, there is a reed for
additional research, analysis, comparative evaluation and
applications testing. This transitional situatidn is a fact
that must not be overlooked by potential users and

~especially those in the LDC setting.

There are several important factors to be considered in
the use of future operational land satellite systems. Costs

for data is a major consideration. Other factors include
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data availability, ground resolution and number of spectral
bands. Subsidies from government agencies will be
diminished or fully withdrawn as the Landsat satellite
program is taken over by quasi-governmental or corporate
structures. This is already happening with LandsatI¥ and in
fact, the costs for the imagery used in the Yemen project
have increased 66 % since October 1981 and repetitive

coverage also has not been maintained.

In working with the LDC, one of the problems has been
related to technology oversell, a subject discussed in an
earlier section of this document. Decisions on long range
use of the satellite data for resource inventories must be
made in consideration of how the land satellite system is to
be made operational with regard to costs and benefits.
Project decisions and agreements should not be made just on
the useful applications Since, with most environmental
problems or informational needs, there are alternative ways
to collezt needed data. One such example is the use of
aerial photography versus satellite imagery. As the
satellite systems move toward full user support, the gap
between data set costs will become smaller. This situation
can thus make the use of high altitude (small scale) aerial
photography more competitive for certain applications,
usually thcose of a regional nature. At present a cost-

effective civilian satellite or land remote sensing system
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does not exist.1

Based on the experiences gained in remote sensing
development to date, there are seven major requirements for
operational remote sensing systems. These requirements need
to be satisfied before long range resource data collection

is focused on any one sensor system,

Requireiments for Operational Systems

1. It must be driven by' user needs and tailored
to the operational needs of those users. Users
must perceive that the system is designed and
functions to meet their needs.

2. It must provide continuity of data. Users
must know that the data they require will be
available for an extended period so that they can
plan to amortize their capital investment on the
prospect of having those data available.

3. It must be reliable. To service a high
priority activity that relies heavily on satellite
data, there must be provisions for obtaining those
data through back-up systems if the prime system
fails. Adequate redundancy and reliability must
be balanced by the cost to the user.

4, It must provide timely data. If operational
decisions must be made on the basis of the data,
the data must arrive in time to influence these
decisions.

5. It must be consistent. Data must have the
Same meaning all the time and meet rigid quality
control and consistency checks, according to
announced specifications.

6. It must be stable over time. Changes must be
clearly agreed to by users, and changes must occur

1Allen H. Watkins, Current and Future Systems for
Satisfying User Needs in Remote Sensing in Remote Sensing
for Resource Management Ed. by Chris J. Johannsen and James
L. Sanders, Soil Conservation Society of America, 1982.
p.571.




only when there are valid reasons. Users must be
involved in the decision to make changes and be
allowed ample lead time to prepare for such
changes.

7. It must be amenable to change. As users'
needs develop and as new capabilities emerge,
those improvements that further balance benefits

against costs must be implemented with the
concurrence and involvemen: of users.

In reading the requirements for an operational system
as noted above, it is evident that the Yemen Land Use
Inventory faced operational problems with the Landsat
system. This was especially true in view of points 2, 3 and
L above. The time-lapse analysis was not possible because
satellite data were not available for specifically necessary
time periods. This included the 1972-73 drought period as

well as coverage during peak cropping periods.

In view of the present land satellite systems, the
results of application studies (Yemen project) and the plans
being made for the future systems, some important

conclusions can be made:

1. That users are going to pay for whatever system is
operationalized in the future. The availability of

low-co:t imagery and digital tapes is over or nearly
so.

2. That the benefits from future systems are going to

2George S. Benton, Future Operational Remote
- Sensing Programs in Remote Sensing for Resource
Management Ed. by Chris J. Johannsen and James L.
Sanders, Soil Conservation Society of Amerieca,
1982. p.590.
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be measured against real costs. Government agencies
will have to be more technically responsible when
designing advanced systems. As has already been
proven, the use of satellites benefits the public good.
With this the costs will not be fully recoverable in
all applications.

The issue of relating satellite uses to the public good
1s synonymous with what has been stated earlier in reference
to resource information becoming part of a nation's capital
assets. In assessing the benefits of a satellite system it
is helpful to consider the system as part of the capital
assets for economic growth of a country. The satellite
systems, whetner for earth resources analysis, meteorology,
or other applications, are essentilally tools for systematic
resource information collection. There is no question that
there is a need for more resource information in all

countries,

Recognizing that satellite sensing systems are going to
be expensive, the best and most cost-effective alternatives
will be better defined as the technology moves from the
research and development stages into a fully user-supported
program. It is in this context that decisicns on
applications in the LDC must be made. The key is the
development of a resource information collection strategy

which does not rely heavily on any one source or system.
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