


GIS-603 Uttarakhand Open University

APPLICATIONS OF GEOINFORMATICS PART-1IV

DEPARTMENT OF REMOTE SENSING AND GIS
SCHOOL OF EARTH AND ENVIRONMENT SCIENCE
UTTARAKHAND OPEN UNIVERSITY

Phone No. 05946-261122, 261123
Toll free No. 18001804025
Fax No. 05946-264232, E. mail info@uou.ac.in
Website: https://uou.ac.in



mailto:info@uou.ac.in
https://uou.ac.in/

GIS-603

Uttarakhand Open University

Board of Studies

Chairman
Vice Chancellor
Uttarakhand Open University, Haldwani

Professor R.K. Pande
Dean Arts, DSB Campus,
Kumaun University, Nainital

Professor Pradeep Goswami
Department of Geology,
DSB Campus,

Kumaun University, Nainital

Dr. Ranju Joshi Pandey
Department of Geography & NRM,
Department of Remote Sensing and GIS,

School of Earth and Environmental Science,

Uttarakhand Open University, Haldwani

Convener

Professor P.D. Pant

School of Earth and Environment Science,
Uttarakhand Open University, Haldwani

Professor D.D. Chauniyal
Retd. Professor,
Garhwal University, Srinagar

Dr. Suneet Naithani

Associate Professor,

Department of Environmental Science,
Doon University, Dehradun

Programme Coordinator

Dr. Ranju J. Pandey
Department of Geography & NRM,
Department of Remote Sensing and GIS,

School of Earth and Environment Science,

Uttarakhand Open University, Haldwani




GIS-603 Uttarakhand Open University

S.No. | Units Written By Unit No.

1. Dr. Sneh Gangwar, Assistant Professor 1,3,5,6,7,8 &9
Department of Geography
Aditi Mahavidyalay College, University of Delhi
Delhi Auchandi Road, Bawana, Delhi-110039

2. Dr. D.N. Pant 2
Ex- Scientist, IIRS, Dehradun
3. Wrap-up material 4

Course Editor

Dr. Ranju J. Pandey

Department of Geography & NRM,
Department of Remote Sensing and GIS,
School of Earth and Environment Science,
Uttarakhand Open University, Haldwani

Title: Applications of Geoinformatics Part-1V For M.A.
ISBN No.:

Copyright: Uttarakhand Open University

Edition: First (2021), Second (2022)

Published By: Uttarakhand Open University, Haldwani, Nainital-263139
Printed By:




GIS-603 Uttarakhand Open University

CONTENTS

BLOCK 1: APPLICATIONS OF GEO INFORMATICS IN FOREST

UNIT 1: Introduction and distribution of forests types in India 01-27

UNIT 2: Interaction of EMR with vegetation, spectral and temporal characteristics of vegetation

28-47
UNIT 3: Forest covers type and forest density mapping, forest cover change detection, forest
management, Biomass and Bio-diversity studies 48-87

BLOCK 2: APPLICATIONS OF GEO INFORMATICS IN DISASTER RISK
MANAGEMENT

UNIT 4: Overview of disasters, meaning, definition and classification of disasters, importance of
remote sensing & GIS in disaster management- reconnaissance, forecast, forewarning systems,
disaster preparedness with respect to different disasters. 88-96

UNIT 5: Earthquake: Meaning, causes, prediction of earthquake, Geomatics in earthquake
mitigation, seismic damage and loss estimation, quake rehabilitation and earthquake disaster
management. Landslide: Meaning, causes, types and mitigation measures, landslide monitoring and
landslide zonation; Floods: meaning, types and mitigation measures, flood potential zonation
mapping, flood hazard and risk analysis using RS & GIS, flood disaster monitoring and reporting
system. 97-175

UNIT 6: Recent trends in disaster management, the role of mobile GIS and SDI as integrated frame
work in emergency management. 176-205

BLOCK 3 : APPLICATIONS OF GEO-INFORMATICS IN URBAN &

INFRASTRUCTURE
UNIT 7: Concept of urban and regional planning, Urban land use planning and classification
systems, urban resources information and infrastructures. 206-234

UNIT 8: Remote sensing data and scales for urban area analysis, urban sprawl mapping and
monitoring using remote sensing, residential area analysis. 235-264

UNIT 9: Overview of urban infrastructure, facilities and services, slum and squatter settlement and
their identification urban services and facilities analysis, land suitability analysis for urban area
development. 265-296



GIS-603 Applications of Geoinformatics Part IV Uttarakhand Open University
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1.1 OBJECTIVES

After reading this unit you should be able:
e To describe forest cover in India
e To analyse major forest types and distribution in India

1.2 INTRODUCTION

Forests in India are very diverse in their composition with a long evolutionary and geological
history, occurring under diverse climatic and edaphic conditions. The forests represent a very
unique assemblage of both Indo-Malayan and Australian species indicating the geological
and paleo-botanical value of these forests. The forest types of India were classified for the
first time in 1936 by Sir HG Champion and compiled his monumental work ‘Preliminary
Survey of Forest Type of India and Burma’ (Champion 1936). Champion and Seth classified
India’s forests into 16 major types and about 221 sub-type groups; published ‘A Revised
Survey of the Forest type of India’ in 1968. The detailed classification of forest types in India
is based on climate, physiognomy, species composition, phenology, topography, soil factors,
altitude, aspect, and biotic factors (Champion and Seth, 1968). The forests have been
classified into six “major groups “, ranging from tropical to alpine These major groups have
been further classified into 16 sub-groups on the basis of temperature and moisture regimes,
and more than 200°group categories (see, Singh and Chaturvedi, 2017).

1.3 INTRODUCTION AND DISTRIBUTION OF FORESTS

MAJOR FOREST TYPES IN INDIA

Major Forest Types At the beginning of the 20th century about 30% of land in India was
covered with forests. But by the year 2015 the forest cover has been reduced to 21.34%. In
2015, of the existing forests, about 2.61% are very dense forests (canopy cover 70% or
more), 9.59% moderately dense forests (canopy cover 40% or more but less than 70%),9.14%
open forests (canopy cover 10% or more but less than 40%), and 1.26% scrub forests (canopy
cover less than 10%) (FSI 2015). Mizoram, with 88.93 % of forest cover has the highest
forest cover in percentage terms, followed by Lakshadweep (84.56%). Madhya Pradesh is
having largest total forest cover (77, 462 km?2) in India, followed by Arunachal Pradesh
(67,248 km2) and Chhattisgarh (55,586 km2) (FSI 2015). The forest types of India have been
described on the basis of Champion and Seth (1968).
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Figure 1.1: Types of Forest in India
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Source: Google
Table 1.1: The major forest type of India

Major Tropical Forest Forest Group

Moist Tropical Forest Group 1: Tropical Wet Evergreen Forest

Group 2: Tropical Semi-evergreen Forests

Group 3: Tropical Moist Deciduous Forests

Group 4: Littoral and Swamp Forests

Dry Tropical forests Group 5: Tropical dry deciduous forest

Group 6: Tropical thorn forests

Group 7: Tropical dry evergreen forests

Montane Subtropical Forests Group 8: Subtropical broad-leaved hill forests

Group 9: Subtropical pine forest

Group 10: Subtropical dry evergreen forests

Montane Temperate Forests Group 11: Montane wet temperate forests

Group 12: Himalayan moist temperate forests

Group 13: Himalayan dry temperate forests

Sub-alpine forests Group 14: Sub alpine forests

Alpine Forests Group 15: Moist-Alpine Scrub

Group 16: Dry-Alpine Scrub

MOIST TROPICAL FORESTS

These forests are restricted to heavy rainfall areas of the Western Ghats and the island groups
of Lakshadweep, Andaman and Nicobar, upper parts of Assam and Tamil Nadu coast. They
are at their best in areas having more than 200 cm of rainfall with a short dry season. The
trees reach great heights up to 60 metres or even above. Since the region is warm and wet
throughout the year, it has a luxuriant vegetation of all kinds — trees, shrubs and creepers
giving it a multi-layered structure. There is no definite time for trees to shed their leaves. As
such, these forests appear green all the year round. Some of the commercially important trees
of this forest are ebony, mahogany, rosewood, rubber and cinchona. The common animals
found in these forests are elephant, monkey, lemur and deer. One horned rhinoceroses are
found in the jungles of Assam and West Bengal. Besides these animals, plenty of birds, bats,

UNIT1:1 4 of 296




GIS-603 Applications of Geoinformatics Part IV Uttarakhand Open University

Figure 2: Tropical Evergreen Forest
Source: Google

Group 1: Tropical Wet Evergreen

Forest These forests are dense and show 30-45m tall canopy structure with four or five strata,
generally found in regions having rainfall in the range of 2000 to > 3000 mm per year. The
diversity of tree species is high in these forests. The forests are discontinuously distributed
mainly along the Western Ghats, north-eastern India and Andaman and Nicobar. The
northern and southern wet tropical evergreen forests are described in Table 1.2.

Table 1.2: The Northern and Southern Wet Tropical Evergreen Forest of India

Southern wet tropical evergreen forests

Northern wet tropical evergreen forests

The southern tropical wet
forests occur in the Western Ghats, and

Andaman and Nicobar; the most widely

evergreen

distributed genera are Dipterocarpus and
Hopea. In the Western Ghats, rainfall
ranges from 1500 to 5000mm; altitude
varies from 250 to 1200m.

e The
conditions results in a large variety
of plant and high
species richness (Pascal et al.,
2004).

e The evergreen forests of the
Western Ghats have a very high
percentage of species endemic to
the region.

variations in climatic

formations

e The Western Ghats are considered
as one of the biodiversity hot spots
of the world (Myers et al., 2000).
The Nilgiri Biosphere Reserve in
the Western Ghats was the first
biosphere  reserve in  India
established in the year 1986.

e The evergreen forests of Wayanad,

The northern wet tropical forests occur
in upper Assam, northern Bengal and
Arunachal Pradesh, dominated by trees
of the family Dipterocarpaceae.
Bamboos are usually present. Climbers
are abundant, palms and canes generally
present; abundance of epiphytes, ground
cover is mainly composed of evergreen
shrubs. Some salient features of these
forests are:

e The upper Assam valley tropical
forests-
ferrea,

wet
Dipterocarpus,
Dysoxylum spp, Echinocarpus,

evergreen
Mesua

and Canarium spp.

e The giant Dipterocarpus
macrocarpus(Hollong ) and
Shorea assamica in Assam
valley occur in patches, attain
high girths up to seven meter
and height up to 50m.

e The Cachar Tropical Evergreen

Forest occur in lower hills and

UNIT 1 : INTRODUCTION AND DISTRIBUTION OF FORESTS TYPES IN INDIA
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Kerala are characterized by high hill slopes of Cachar hills, and

proportion of Mesua ferrea, the Khasi and Jaintia hills

Palaquium ellipticum, Cullenia sp., around the Surma valley. The

and Calophyllum elatum. forest is MesuaDipterocarpus-
Palaquium formation.

Group 2: Tropical Semi-Evergreen Forest

Forest These forests occur in areas adjoining tropical wet evergreen, and form a transition
between the evergreen and moist deciduous forests. Lower canopy is evergreen, whereas
canopy species are deciduous for short periods during the dry seasons. Tropical Semi-
evergreen Forest type comprises 13.79% of the Indian forest types.

These are dense, multi-strata, 24-36m in height.

Rainfall ranges from 1500-2500mm per year.

The canopies are not continuous and species richness lower as compared to evergreen
forests.

Buttressed stems occur in the case of both evergreen and deciduous trees (e.g.
Elaeocarpus spp, and Salmalia sp).

Bamboos, canes, ferns, climbers are common. Epiphytes are abundant including many
ferns and orchids.

These are not climate climax formations, but occur as edaphic sub climax on shallow

poor soils. The northern and southern tropical Semi-evergreen forests are described in
Table 1.3.
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Figure 1.3: Evergreen Forest

Source: Google

Table 1.3: The Northern and southern Tropical Semi-Evergreen Forest in India

Southern Tropical Semi-evergreen Forest | Northern Tropical Semi-evergreen Forest

Distributed in Western Ghats where | These types of forests occur in moderate
rainfall gradient is steep, north of Bombay, | to heavy rainfall areas of Assam, West
near Goa, and South of Cochin; Andaman | Bengal, and Odisha, include the following
(in the main valley), Tiruneveli (eastern | types:

slopes of the southern Western Ghats).
i.  Assam valley and alluvial plains

i.  The forests are composed of both Semievergreen Forest.
evergreen and deciduous species in 1.  Eastern = submontane Semi-
the top storey. evergreen Forest: Schima-
ii.  Upper canopy composed of Xylia Bauhinia association
and Terminalia, Dipterocarpus, | 1ii. Sub-Himalayan light alluvial
Balanocarpus, Hopea spp. Semi-evergreen Forest:
iii.  Middle canopy trees belong to Terminalia- Phoebe association.
family Myrtaceae, Lauraceae, iv.  Cachahar semi-evergreen forest —
iv.  Ground-floor is composed of Assam: mixed semi-deciduous
evergreen shrubs belonging to type; Manipur: Tectona,
Rubiaceae and Acanthaceae. Dipterocarpus hylium.

v.  Odisha tropical semi evergreen
forest: occur on the Odisha hills
at about 800m and in lower
permanently  moist  valleys.
Composed of Artocarpus, Mesua
ferrea, Terminalia spp, Michelia
sp, Phoebe spp, and Litsea sp.g

Group 3: Tropical Moist Deciduous

These are the most widespread forests of India. They are also called the monsoon forests and
spread over the region receiving rainfall between 200 cm and 70 cm. Trees of this forest type
shed their leaves for about six to eight weeks in dry summer. On the basis of the availability
of water, these forests are further divided into moist and dry deciduous.

UNIT 1 : INTRODUCTION AND DISTRIBUTION OF FORESTS TYPES IN INDIA Page 7 of 296
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Figure 1.4: Tropical Moist Forest
Source: Google
The former is found in areas receiving rainfall between 200 and 100 cm. These forests exist,
therefore, mostly in the eastern part of the country — north-eastern states, along the foothills
of the Himalayas, Jharkhand, West Odisha and Chhattisgarh, and on the eastern slopes of the
Western Ghats. Teak is the most dominant species of this forest. Bamboos, sal, shisham,
sandalwood, khair, kusum, arjun and mulberry are other commercially important species.
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Figure 1.5: Distribution of Forest in India
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Table 1.4: Percentage distribution of Forest Type across Elevation Zones of India

Forest type / Elevation zone (m) <100 100-500 | 500-1000 1000- 1500- 2000- 3000-

1500 2000 3000 4200
Tropical Wet evergreen forest 3.05 19.37 63.92 10.36 3.06 0.25 0.00
Tropical Semi evergreen forest 8.10 63.97 23.06 3.60 1.27 0.00 0.00
Tropical Moist deciduous forest 5.58 52.05 34.30 6.55 1.53 0.00 0.00
Tropical Dry deciduous forest 1.73 63.02 33.81 1.44 0.00 0.00 0.00
Littoral and swamp forest 100.00 0.00 0.00 0.00 0.00 0.00 0.00
Tropical Dry evergreen forest 22.61 77.39 0.00 0.00 0.00 0.00 0.00
Tropical Thorn forest 3.82 60.61 35.56 0.00 0.01 0.00 0.00
Subtropical Broadleaved hill forest 0.00 0.09 0.08 70.58 29.26 0.00 0.00
Subtropical Pine forest 0.00 0.00 0.01 19.35 27.37 50.12 3.16
Subtropical Dry evergreen forest 0.00 2.88 39.09 58.02 0.00 0.00 0.00
Montane Wet Temperate forest 0.00 0.00 0.00 0.00 11.47 79.41 9.13
Himalayan Moist Temperate forest 0.00 0.00 0.00 0.00 26.53 58.83 14.63
Himalayan Dry Temperate forest 0.00 0.00 0.00 2.12 10.56 56.03 31.28
Sub Alpine forest 0.00 0.00 0.00 0.00 0.00 7.66 92.34

Forest Type Groups
Group-1
mmm
“ ZL‘IH
rwsmum
Tmﬂ Dvy Fon‘
usod s m Foroets w“"‘ e —

Figure 1.6: Forest percentage Distribution according to Group
Source: Google
Forest These forests are common in areas where rainfall is 1000 to 2000 mm with a dry
season of three to four months. Dominant trees are deciduous, lower storey trees are usually
evergreen. The trees shed their leaves in winter months, again become flushed in March-
April. These forests comprise 19.73% of India’s forest types (FSI 2011). These forests are
widely distributed covering both in southern and northern states including Tamil Nadu,
Arunachal Pradesh, Assam, Meghalaya, Mizoram, Bihar, West Bengal, Odisha, and
Uttarakhand. These forests are usually 2 to 3 strata with a much lower number of species as

UNIT 1 : INTRODUCTION AND DISTRIBUTION OF FORESTS TYPES IN INDIA Page 10 of 296
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compared with the tropical evergreen and semi evergreen forests. The canopy trees are light
demanding, middle ones are shade tolerant species of shrubs and young trees, and on ground
floor are present herbs and saplings. Climbers are abundant. The northern and southern
tropical moist deciduous forests are described in Table 1.5.

Table 1.5: The Northern and Southern Tropical Moist Deciduous Forest of India

Southern Moist Deciduous Forests

Northern Moist Deciduous Forests

These  forests distributed in
Maharashtra, Mysore, Tamil Nadu, and
Arunachal Pradesh. Tectona grandis is
dominant in the southern Moist Deciduous
Forests with the following variations:

i.  Very moist teak forests occur in

arc

Kerala and Tamil Nadu in high
rainfall areas over 2500mm on
deep alluvial soils.

ii. Moist —teak bearing forests,
southern moist mixed deciduous
forest and southern secondary
moist mixed Deciduous Forest.

iii.  Moist teak forests are associated
with Terminalia spp, Pterocarpus
spp, Adina, and Dalbergia latifolia.

Bamboos are quite common.
Bambusa arundinacea and
Dendrocalamus strictus are the

most common bamboo.

The northern moist deciduous Forests are

dominated by Shorea robusta with the
following variations:

1. Very moist sal —bearing forests

occur in Sikkim, West Bengal, the

Garo, Khasi hills, and Jaintia hills,

Assam and Meghalaya. These
forests are composed of Shorea
robusta, Schima wallichii,

Stereospermum personatum.

ii.  Moist Siwalik sal forests occur on
Nahan Sandstones, whereas sandy
alluvium soil with dry subsoil.

ili.  Moist peninsular sal forests also
occur in Madhya Pradesh, and
Odisha; common associates being
Pterocarpus marsupium,
Anogeissus Syzygium
cumini, Phoenix acaulis etc.

iv.  Moist mixed deciduous forests
occur in  Siwalik Hills of
Uttarakhand. In eastern Himalaya
in Bengal and Assam.

latifolia,

UNIT 1 : INTRODUCTION AND DISTRIBUTION OF FORESTS TYPES IN INDIA
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Group 4: Littoral and Swamp Forests

These forests consist of evergreen species of varying densities and height, usually associated
with mesic habitats. These forests are mostly in their developmental stage and are seral in
nature.

Figure 1.7: Swampy Forest
Source: Google

i.  The littoral forests occur along the coast in the Andaman and Nicobar, Andhra
Pradesh, Odisha, and Tamil Nadu. The most characteristic species is tall and
evergreen Casuarina on sandy beaches and dunes along the sea face. In Andaman, the
forests are dominated by Manilkara littoralis.

ii.  The tidal and swamp forests (mangrove scrub) are dominated by several evergreen
and semievergreen species in deltas of the Ganga and the Brahmaputra rivers.

iii.  Mangroves are found along the east and west coasts of India, the Andaman and
Nicobar Islands, the Gulf of Kachchh and Khambat (Gujarat). Sundarban (40% in
West Bengal) is the largest mangrove in the world. Mangrove forests are generally
dominated by trees of the genera — Rhizophora, Avicennia, Sonneratia, Bruguiera, and
Ceriops. Some genera like Heritiera and Xylocarpus. On the drier areas within the salt
water mangrove scrub/forest are found palm swamp.

iv.  Tropical fresh water swamps such as Myristica swamp forest occur in Travancore,
Kerala, contain species such as Myristica spp., Lagerstroemia speciosa.

v.  The species like Baringtonia spp, and Syzygium cumini, are found in swamps forests
of UP and West Bengal.

UNIT 1 : INTRODUCTION AND DISTRIBUTION OF FORESTS TYPES IN INDIA Page 12 of 296
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II. DRY TROPICAL FORESTS
In regions with less than 70 cm of rainfall, the natural vegetation consists of thorny trees and
bushes. This type of vegetation is found in the north-western part of the country, including
semi-arid areas of Gujarat, Rajasthan, Madhya Pradesh, Chhattisgarh, Uttar Pradesh and
Haryana. Acacias, palms, euphorbias and cacti are the main plant species. Trees are scattered
and have long roots penetrating deep into the soil in order to get moisture. The stems are
succulent to conserve water. Leaves are mostly thick and small to minimise evaporation.
These forests give way to thorn forests and scrubs in arid areas. In these forests, the common
animals are rats, mice, rabbits, fox, wolf, tiger, lion, wild ass, horses and camels.

P Srada N B ST
) e SRR

Figure 1.8: Dry Tropical Forest
Source: Google

Group 5: Tropical Dry Deciduous

Forests These are largest forest type of India covering about 38.2% of the forest area of the
country. Tropical dry forests occur in climates exhibiting a marked seasonality in rainfall and
prolonged drought period over the annual cycle. These forests consist of trees less than 25m
high, with a light demanding canopy consisting of deciduous trees. These forests occur from
Kanyakumari to the foothills of the Himalaya in low rainfall areas of 800 to 1200mm; large
areas of these forests are suitable habitats for wildlife. Dry teak and dry sal communities
predominate in the southern and northern regions, respectively. In some areas a mixture of
trees like Anogeissus pendula, Boswellia serrata, Hardwickia binata,Acacia nilotica,
Madhuca indica, and Butea monosperma occupy the area. Acacia catechu and Dalbergia
sissoo are conspicuously present on newly formed soils. The northern and southern tropical
Dry Deciduous forests are described in Table 6.

UNIT 1 : INTRODUCTION AND DISTRIBUTION OF FORESTS TYPES IN INDIA Page 13 of 296
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Group 6: Tropical Thorn Forests

These forests are found in low rainfall areas (200 to 800mm) of northern India, peninsular
India and central India. Moisture availability is limiting for plant growth. The trees
experience prolonged dry periods. The tree height ranges from six to nine meters. Southern
Tropical Thorn Forests Occur in Maharashtra, Tamil Nadu and AP. In south India, important
species are Acacia chundra , Acacia planifrons and Acacia catechu.. Northern Tropical Thorn
Forests occur in semiarid regions of Rajasthan, Punjab, Haryana, northern Gujarat, MP, UP,
and Delhi

Figure 1.9: The Thorn Forest and Shrubs
Source: Google

These forests are open, consisting of short trees, generally belonging to thorny tree species.
The desert thorn type consists of Acacia senegal, Prosopis spicigera, Prosopis cineraria,
Acacia leucophloea, Acacia nilotica, Ziziphus spp, and Salvadora spp. Acacia tortilis and
Prosopis chilensis have been widely planted in this region. 2. The desert dune scrub are very
open, irregular formations of stunted trees and bushes, these are sparse and thorny. The main
species are Acacia senegal, Prosopis spicigera, Acacia Arabica, Tamarix aphylla, Salvadora
oleoides.

UNIT 1 : INTRODUCTION AND DISTRIBUTION OF FORESTS TYPES IN INDIA Page 14 of 296
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Figure 1.10: Tropical Thorn Forest Landscape and Vegetation
Source: Google
Table 1.6: The Northern and Southern Tropical Dry Deciduous Forest of India

Southern Tropical Dry Deciduous Forest

Northern Tropical Dry Deciduous Forest

Occupy whole of peninsular India (except coastal
Karnataka). These forests are distributed in
Maharashtra, Karnataka, Andhra Pradesh, MP,
and Tamil Nadu. The main climax types include:

1.

ii.

iii.

1v.

Dry Teak bearing forest: Tectona grandis,
Boswellia serrata, Anogeissus latifolia,
Sterculia sp., and Acacia catechu.

Dry red sanders bearing forest:
Pterocarpus  santalinus  predominates
forming pure associations over extensive
areas, and teak is absent.

Southern dry mixed deciduous forest:
Boswellia  serrata is  conspicuous,
distributed throughout peninsular
India;common trees are Anogeissus
latifolia, Terminalia tomentosa, and
Hardwickia binata.

Dry mixed forest with Tectona grandis.
Sandal (Santalum album) bearing scrub
forest.

Occur in Bihar, Bengal, Odisha, Gujarat, UP,
Haryana. Shorea robusta is of low quality in
these forests. These are of following types:

i.  Dry Siwalik sal forest are dominated
by Shorea robusta, Anogeissus sp.,
Buchnania lanzan, whereas dry plains
sal forests are composed of Shorea
robusta, Terminalia tomentosa,
Madhuca india , and Diaspyros sp. In
Kalesar reserve forest in Haryana, the
forests are mainly composed of dry
Siwalik Shorea robusta forest, dry
plains Shorea robusta forest, northern
dry mixed deciduous forests, and the
dry tropical riverine forests.

ii.  Dry peninsular sal forest: Occur in
regions of Bihar, MP (Pachmarhi
plateau), Odisha, UP, west Bengal,
Chhattisgarh  (Amarkantak); Shorea
robusta mixed with Boswellia serrata.

iii.  Northern Dry mixed Deciduous Forest:
Main trees are Anogeissus latifolia,
Boswellia serrata.

iv.  The dry deciduous scrub is distributed
throughout the dry deciduous forest
zone of India.
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Group 7: Tropical Dry Evergreen

Forests The forests are restricted in distribution to Karnataka coast, also reported from the
east coast in AP. These are low growing forests; trees are of 9-12 m height, and form a
complete canopy. Most conspicuous trees are Manilkara hexandra, Memecylon edule along
with Diaspyros, Eugenia, Chloroxylon, Albizzia amara. There is a high diversity of trees,
shrubs and herbs in these forests.

(III) MONTANE SUBTROPICAL FORESTS

In mountainous areas, the decrease in temperature with increasing altitude leads to the
corresponding change in natural vegetation. As such, there is a succession of natural
vegetation belts in the same order as we see from the tropical to the tundra region. The wet
temperate type of forests is found between a height of 1000 and 2000 metres. Evergreen
broad-leaf trees, such as oaks and chestnuts predominate. Between 1500 and 3000 metres,
temperate forests containing coniferous trees, like pine, deodar, silver fir, spruce and cedar,
are found.

Figure 1.11: Montane Forest
Source: Google
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These forests cover mostly the southern slopes of the Himalayas, places having high altitude
in southern and north-east India. At higher elevations, temperate grasslands are common. At
high altitudes, generally, more than 3,600 metres above the sea level, temperate forests and
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grasslands give way to the Alpine vegetation. Silver fir, junipers, pines and birches are the
common trees of these forests. However, they get progressively stunted as they approach the
snow-line. Ultimately, through shrubs and scrubs, they merge into the Alpine grasslands.
These are used extensively for grazing by nomadic tribes, like the Gujjars and the Bakarwals.
At higher altitudes, mosses and lichens form part of tundra vegetation. The common animals
found in these forests are Kashmir stag, spotted dear, wild sheep, jack rabbit, Tibetan
antelope, yak, snow leopard, squirrels, Shaggy horn wild ibex, bear and rare red panda, sheep
and goats with thick hair.

Figure 1.12: Montane Forest Stratification and Zonation

Group 8: Subtropical Broad Leaved Hill Forests
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These forests are of the following types: i. Southern Subtropical Broad Leaved Hill Forests In
south India, these forests are found in the hill slopes and tops at about 1000 to 1700m height
in Nilgiri, Palani, Tirunelveli, and Mercara hills. Main trees are Calophyllum elatum, Eugenia
spp., Dalbergia latifolia, Anogeissus latifolia, Emblica officinalis, Olea dioca, and Phoenix
humilis. ii. Central Indian Subtropical Hill Forests Hill top forests occur above 1200m in
Madhya Pradesh (Pachmarhi), Bihar, Odisha. In Pachmarhi hills, Manilkara hexandra,
Mangifera, Syzygium cumini are conspicuous trees. iii. Northern Subtropical Broad Leaved
Hill Forests Occur in Arunachal Pradesh, Manipur, Mizoram, Meghalaya, Nagaland Sikkim,
and west Bengal represented by east Himalayan subtropical wet hill forest, Altitude 1000-to
2000m, Occur in Khasi, Jainti and adjacent hills, dense evergreen forests, rarely exceeding
20m height. Important tree species are Quercus, Castanopsis, Alnus, Prunus, Betula and
Schima. There is heavy growth of epiphytic mosses, ferns and phanerogams. Subtropical
broad leaved hill forest dominated by Quercus serrata, Eugenia praecox, Schima
wallichii,Rhus succidanea located located at Imphal, Manipur is shown in Fig. 1.13.
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Figure 1.14 Broad Leaved Hill Forest
Source: Google

Group 9: Sub-Tropical Pine Forests

Sub-tropical chir pine (Pinus roxburghii) forests occur throughout the central and western
Himalaya between 1000 to 1800m; distributed in Haryana, Himachal Pradesh, Jammu and
Kashmir, Punjab and Uttrakhand. Pinus roxburghii along with broad leaved species is the
main characteristics of these forests. Climbers and bamboos are absent. A view of Sub-
tropical chir pine (Pinus roxburghii) forest in Morni hills in north-east Haryana is shown
figure 5. The forests of Pinus keysia along with Schima wallichii occur in Khasi and Naga
Hills, and Manipur hills, in eastern Himalaya (Figure 15). Pinus kesiya is often a pioneer in
deforested secondary vegetation, especially if fire has been a factor in the disturbance.

Group 10: Sub-Tropical Dry Evergreen Forests

These forests are distributed in Bhabar tract, Shiwalik hills, and the foothills of western
Himalaya. In Punjab, Uttrakhand, and Himachal Pradesh, Olea cuspidata is found on alluvial
ground of wider valleys. In Jammu and Kashmir, the dominant species of these scrub forests
are Olea cuspidate, Acacia modesta, and Dodonaea viscosa

IV. MONTANE TEMPERATE FORESTS
Group 11: Montane Wet Temperate Forest

Figure 15: Sub-Tropical Pine Forest
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Figure:15 Sub-Tropical Pine Forest
Source: Google
The southern Montane wet temperate forests are closed evergreen forest, trees are mostly
short boled (not exceeding 6m), and highly branched. The branches are clothed with mosses,
ferns and other epiphytes, woody climbers are common. The northern Montane wet temperate
forests are a characteristic feature of the eastern Himalaya and are found between 1800 m and
3000 m elevation in high rainfall areas (>2000mm rainfall); The northern and southern
Montane wet temperate forests of India are described in Table 1.7.

Group 12: Himalayan Moist Temperate Forests

These forests extend the whole length of the Himalayan region between the sub-tropical pine
forest and sub-alpine forests. Altitude ranges from 1500m to 3300m. These are concentrated
in the central and western Himalaya, except in areas where rainfall is below 1000 mm.
Distributed in Kashmir, Himachal Pradesh, Punjab, Uttrakhand, Darjeeling district of west
Bengal, Assam, and Sikkim.

1. Several species of oak predominate in the temperate forests including Quercus
leucotrichophora, Quercus. Floribunda, Quercus incana, Quercus semecarpifolia,
Quercus dilatata, Q. larginosa. All oak species in Himalayan region are evergreen
showing leaf fall in summer, but are never leafless. There are four strata, 25-30m
height, tree canopy is dense, herbaceous layer not well developed, grasses generally
lacking, and rich in epiphytes. A view of temperate oak forest at Munsiyari
Pithoragarh, Uttarakhand in Kumaun Himalaya is shown in Figure 16.

ii.  Most Cedrus deodara forests form pure stands, canopy is fairly complete, boles are
straight and tall (30-40m), There are scattered oaks and Rhododendron under the
conifers. The evergreen Cedrus deodara forest surrounding the Khajjiar lake located at
1920 m above mean sea level in Khajjair, Chamba district, Himachal Pradesh in
western Himalaya.

iii. As the altitude increases, the upper form consisting of Abies pindrow, Picea
smithiana, and Quercus semecarpifolia becomes dominant.

iv.  The eastern Himalayan hills are occupied by Quercus. lineata, Quercus lamellosa,
Quercus pachyphylla, Rhododendron spp., Tsuga dumosa, Picea spinulosa and Abies
densa.

v.  Cupressus torulosa is a conspicuous species found on limestone rocks from Chamba
(Himachal Pradesh) to the Aka hills at 1800 to 2800 m.

Table 1.7: Representative tree species of forest types across biographic zones.

Forest Type Tree Species

Tropical Wet evergreen forest

Eastern Himalayas Michelia montana, Mesua ferrea, Dysoxylum
binectariferum, Ailanthus integrifolia, Baccaurea ramiflora

Gangetic Plains Dipterocarpus retusus, Canarium strictum, Shorea assamica,
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Antidesma montanum, Magnolia hodgsonii

North East Dipterocarpus turbinatus, Dipterocarpus retusus, Litsea
monopetala, Artocarpus chaplasha, Garcinia pedunculata

Deccan Litsea glabrata, Persea macrantha, Macaranga peltata, Mesua
ferrea, Actinodaphne malabarica

Coast Dysoxylum malabaricum, Macaranga peltata, Olea dioica,
Holigarna arnottiana, Calophyllum polyanthum

Weastern Ghat Hopea parviflora, Holigarna arnottiana, Cullenia exarillata,
Vateria indica, Palaquium ellipticum

Islands Dipterocarpus alatus, Dipterocarpus grandiflorus, Aglaia

oligophylla, Myristica andamanica, Myristica glaucescens

Tropical Semi evergreen forest

Western Himalaya

Shorea robusta, Haldina cordifolia, Anogeissus latifolia,
Careya arborea, Ficus semicordata

Eastern Himalaya

Terminalia myriocarpa, Tetrameles nudiflora, Mesua ferrea,
Dillenia indica, Duabanga sonneratioides

Gangetic Plain

Terminalia bellirica, Syzygium cumini, Litsea monopetala,
Casearia graveolens, Stereospermum personatum

Western Ghat Macaranga peltata, Terminalia paniculata, Knema attenuata,
Mesua ferrea, Artocarpus hirsutus

Deccan Michelia champaca, Macaranga peltata, Protium serratum,
Litsea glutinosa, Syzygium nervosum

Island Pterocarpus dalbergioides, Dipterocarpus gracilis, Celtis

wightii, Pterocymbium tinctorium, Artocarpus chaplasha

Littoral and swamp forest

Coast

Rhizophora mucronata, Excoecaria agallocha, Avicennia
marina, Avicennia alba, Bruguiera gymnorrhiza

Island

Rhizophora apiculata, Rhizophora mucronata, Bruguiera
gymnorrhiza, Avicennia marina, Avicennia alba

Tropical Dry evergreen forest

Deccan Atalantia monophylla, Albizia amara, Manilkara hexandra,
Memecylon edule, Mundulea sericea
Coasts Atalantia monophylla, Albizia amara, Phyllanthus

chorisandra, Canthium dicoccum, Prosopis juliflora

Tropical Thorn forest

Gangatic Plain

Acacia leucophloea, Butea monosperma, Acacia catechu,
Prosopis juliflora, Prosopis cineraria

Semi-Arid Acacia leucophloea, Acacia senegal, Acacia nilotica, Butea
monosperma, Prosopis cineraria
Desert Acacia senegal, Prosopis cineraria, Salvadora oleoides,

Capparis decidua, Calligonum polygonoides

UNIT 1 : INTRODUCTION AND DISTRIBUTION OF FORESTS TYPES IN INDIA

Page 21 of 296

Uttarakhand Open University




GIS-603 Applications of Geoinformatics Part IV Uttarakhand Open University

Figure 16: Himalayan Moist Temperate Forest

Figure 1.16: Himalayan Moist Temperate Forest
Source: Google

Group 13: Himalayan Dry Temperate Forests

Conifers predominate, distributed on 1700 to 3000m altitude, in the inner ranges of
Himalaya, rainfall usually less than 1000mm mostly received as snow in winter months.
Distributed in Kashmir, Ladhakh, Lahaul, Chamba, inner Garhwal, and Sikkim. & Coniferous
forests are tall (30-35m) and have evergreen canopy. & These forests consist of both
coniferous and broad-leaved species. In the western Himalaya, the characteristic species are
Pinus gerardiana, Cedrus deodara and Juniperus. At higher elevation, Abies pindrow, and
Pinus wallichiana are found. & In the eastern Himalaya, the common species are from Abies
and Picea. In higher hills, Juniperus wallichiana is common. & Locally, between 2500 and
4000 m elevation, a few other species like Larix griffithiana, Populus eupheretica, Salix spp.,
Hippophoe spp. and Myricaria spp. also occur.

(V) SUB-ALPINE FORESTS

Group 14: Sub-Alpine Forests

The subalpine forests occur throughout the Himalaya above 3000 m elevation up to the tree
limit., rainfall 83-600mm. The forests are mainly evergreen; Rhododendron is common
constituent. Tall trees are conifers; Betula utilis is present as the largest deciduous tree and
associated with genera like Quercus semecarpifolia, Sorbus, and Rhododendron sp. &
Western Himalaya sub-alpine forests reported from Jammu and Kashmir, Himachal Pradesh,
and Uttrakhand. In the western Himalaya, there are two types of forests (1) Abies spectabilis
and Betula utilis , (ii) west Himalayan sub-alpine birch/fir forest. & In the eastern Himalaya,
these forests occur above 3000m. These forests are distributed in Arunachal Pradesh, Sikkim,
and west Bengal. There is predominance of Abies densa and Betula utilis, and Rhododendron
spp. These are climax formation sself-generatingng with marked resilience.
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(VI) ALPINE FORESTS

Group 15: Moist- Alpine Scrub

Moist Alpine Scrub occurs throughout Himalaya, above timber line to 5,500m altitude,
composed entirely of species of Rhododendron with some birch (Betula) and other deciduous
trees. The tree trunks are short and highly branched, moss and ferns cover the ground. A thick
layer of humus is present and soil is generally wet. & In Kumaun, Uttrakhand, Betula utilis
and Rhododendron campanulatum scrub forest occur. Rhododendron- Lonicera association
occurs in Uttrakhand, in inner Himalaya. & In eastern Himalaya, dense Rhododendron
thickets occur at 3350-4600m altitude. These forests are reported from Arunachal Pradesh,
Sikkim and west Bengal.

Figure 17: Alpine Forest

Figure: 1.17 Alpine Forest
Source: Google
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Group 16: Dry- Alpine Scrub

It is a xerophytic formation, having predominance of dwarf shrubs; rainfall < 370mm per
year. Characteristic plants are Juniperus wallichiana, Lonicera spp, Potentilla spp. Vegetation
along the streams is composed of Salix, Myricaria, and Hippophae rhamnoides. These scrub
forests are distributed in Jammu and Kashmir, Himachal Pradesh, Uttrakhand, and Arunachal
Pradesh. In eastern Himalaya, Juniperus recurva and Juniperus wallichiana occur at an
altitude ranging from 3000 to 4600m.

Figurel.18: Dry Alpine Forest
Source: Google

DISTRIBUTION OF FOREST TYPES IN VARIOUS ZONES

Distribution of forest types analysed across the mean annual rainfall zones (4000 mm) based
on data of world climate. Littoral and swamp forests are distributed in all six rainfall zones.
Wet evergreen forests and semi evergreen forests are predominantly found in rainfall zone of
3000-4000 mm followed by rainfall zone of 2000-3000 mm. Moist deciduous forests
(69.64%) and dry deciduous forests (65.20%) are distributed mostly in rainfall zone of 1000-
2000 mm. However dry deciduous forests represent 33.89% of area in rainfall zone of 500-
1000, while moist deciduous forests have 3.38% of occupancy only.

Table 8: Distribution of Forest in Various Forest Zones
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1.4 SUMMARY

UNIT1:

Champion and Seth (1968) gave a detailed classification of forest types in India based
on climate, physiognomy, species composition, phenology, topography, soil factors,
altitude, aspect, and biotic factors.

The forests have been classified into six major forest types and 16 major groups on
the basis of temperature and moisture regimes.

The tropical wet evergreen forests are dense and show 30-45m tall canopy structure
with four or five strata, generally found in the Western Ghats, north-eastern India and
Andaman and Nicobar having rainfall in the range of 2000 to > 3000 mm.

The tropical semi-evergreen forests occur in areas adjoining tropical wet evergreen,
and form a transition between evergreen and moist deciduous forests.

Tropical Moist Deciduous Forests are common in areas where rainfall is 1000 to 2000
mm with a dry season of three to four months, widely distributed covering both
southern and northern states.

Mangroves are found along the east and west coasts of India, the Andaman and
Nicobar Islands. Sundarban (is the largest mangrove in the world).

Tropical Dry Deciduous Forests are largest forest type of India covering about 40% of
the forest area of the country, dry teak (Tectona grandis) and dry sal (Shorea robusta)
forests predominate in the southern and northern regions of India, respectively.
Tropical thorn forests are found in low rainfall areas of northern India, peninsular
India and central India, moisture availability is limiting for plant growth, the trees
experience prolonged dry periods.

Subtropical Broad Leaved Hill Forests occur in the hill slopes and tops at about 1000
to 1700m height in south India and northern India.
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Sub-tropical chir pine (Pinus roxburghii) forests occur throughout the central and
western Himalaya between 1000 to 1800m. The forests of Pinus keysia occur in Khasi
and Naga Hills and Manipur hills in eastern Himalaya.

The southern Montane wet temperate forests Occur in high hills of Tamil Nadu and
Kerala on the, Anamalai, Palni and Tiruneveli hills from about 1,500 m upwards.
Tiruneveli.

Northern Montane wet temperate forests are a characteristic feature of the eastern
Himalaya and are found between 1800 m and 3000 m elevation in high rainfall areas (
>2000mm rainfall). xiii. Himalayan Moist Temperate Forests are distributed in
northern India at altitude ranging from 1500m to 3300m. Several species of oak
predominate in the temperate forests.

The Himalayan Dry Temperate Forest: Conifers predominate, 1700 to 3000m altitude,
in the inner ranges of Himalaya, rainfall usually less than 1000mm.

Sub-Alpine Forests occur throughout the Himalaya above 3000 m elevation up to the
tree limit.

The new classification of forest types has been proposed reflecting the present
ecological, climatic, bio-geographic and edaphic influences on the vegetation
composition and stand formation.

1.5 GLOSSARY

Tropical wet evergreen- A type of forests is dense and show 30-45m tall canopy
structure with four or five strata, generally found in the Western Ghats, north-eastern
India.

Tropical Moist Deciduous- A type of forests is common in areas where rainfall is
1000 to 2000 mm with a dry season of three to four months, widely distributed
covering both southern and northern states.

Tropical Dry Deciduous- A type of forests is largest forest type of India covering
about 40% of the forest area of the country, dry teak and dry sal forests predominate
in the southern and northern regions of India

1.6 ANSWER TO CHECK YOUR PROGRESS

A

UNIT1:

Where is the Himalayan Dry Temperate Forest found?
Where is the Dry Alpine Forest found?

Where is the Alpine Forest found?

Define Sub-Tropical Pine Forests.

Define Sub-Tropical Evergreen Forests.

Define Tropical Thorn Forests.
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1.8 TERMINAL QUESTIONS
1. Explain Forest distribution with suitable examples.
2. Describe Tropical Forest?
3. What do you understand by thorny and shrub forest. Describe them with suitable
diagrams.
4. What are the three broad categories of forest in India.
5. Explain the major factors for growth of forest.
6. Examine the high altitudinal forest resource in India.
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VEGETATION
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2.1 OBJECTIVES

After reading this unit you should be able to:
e Definitions and concepts

e EMR Interaction with Vegetation

e Spectral Characteristics for Green Vegetation in Relation to Wavelength

e Vegetation Reflectance

Factors Affecting Spectral Reflectance of Vegetation

Spectral Reflectance Change in Relation to Temporal Characteristics of Vegetation
Reflectance of Vegetation Canopy

Composite Reflectance

2.2 INTRODUCTION

You have already studied electromagnetic radiation (EMR) and its interaction with matter,
reflection types, complexities of reflection phenomenon with respect to natural surfaces
reflectance measurement methods and energy sources in reflectance remote sensing. In this
unit you will be learning the aspect related to interaction of EMR with vegetation and its
spectral and temporal characteristics. Let us first understand the vegetation and its
physiognomy, structure, biomass and why remote sensing is needed for its scientific
management and development.

In strict sense forests are the types of vegetation dominated by trees. Vegetation, particularly
forest, is characterized by their structure and function. Due to inherent characteristics of the
plants, all the plants do not attain same height and try to find their niche in an ecosystem.
These results in stratification of vegetation called storey. Each forest has its own structural
characteristics. The term vegetation structure is used with different meanings. Primary
elements of structure of vegetation are growth form, stratification and coverage. In the
vegetation ecology, vegetation structure may be studied at least at five level, viz., vegetation
physiognomy, biomass, life form, floristic and stand structure. These levels of vegetation are
hierarchically integrated in that the first level includes the second, the second includes the
third and so on. The level 1 i.e., vegetation physiognomy is the most general one. Primary
recognition and determination of formations and communities are done based on the
appearance (physiognomy). Physiognomy of vegetation is sensed/captured through optical
remote sensors, thus provides means to further processing.

For scientific management of forest vegetation, we need its stratification, mapping and
analysis with respect to its type, physiognomy, species composition, structural variability,
biomass and occurrence in different site and topographical condition. Remote sensing based
EMR interactions, spectral reflectance characteristics are the most well-known and
documented methods for the said purpose.

Vegetation has a unique spectral signature and the different reflectance characteristics with
respect to their types and heterogeneous nature Plants that are stressed or diseased can also
be identified by their distinct spectral signatures. The leaf pigments, cell structure and water
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content all impact the spectral reflectance of vegetation. For example, broad leaved trees
have a higher reflectance in the near infrared compared to conifers.

Interaction of EMR with vegetation in visible, near infrared (NIR) and middle infrared (mir)
region needs to understand first the interaction of EMR with overall vegetation community
and with a typical leaf. Generally, a leaf is built up of layers of structural fibrous organic
pigmented matter, water filled cells and air spaces. Each of the following features like
pigmentation, physiological structure and water content have an effect on the reflectance,
absorbance and transmittance properties of a green leaf.

Interaction of radiation with plant leaves is extremely complex. General features of this
interaction have been studied but many spectral features are yet unexplained. Gates et al.,
(1965) are considered pioneers, who have studied spectral characteristics of leaf reflection,
transmission and absorption. Optical properties of plants have been further studied to
understand the mechanisms involved by Gausman & Allen (1973), Wooley (1971) and Allen
et al., (1970).

2.3INTERACTION OF EMR WITH VEGETATION, SPECTRAL
AND TEMPORAL CHARACTERISTICS OF VEGETATION.

DEFINITIONS AND CONCEPTS
Vegetation
Vegetation, either in natural or cultural form, may be defined in many ways.

e Vegetation is usually defined as the mosaic of plant communities in the landscape.
e Vegetation is an assemblage of plant species and the ground cover they provide.

e The vegetation may be defined as “the organization in space of the individuals that form a
stand (vegetation type or a plant association)” Dansereau (1957) or mosaic of plant
formations and communities.

e Vegetation may be defined as all the plants or plant life of a place, taken as a whole.

e The term vegetation used in ecology refers to dominant plant growth forms or structural
characteristics, e.g., forest vegetation, grassland vegetation.

e Vegetation is often chosen as the basis for the classification of terrestrial ecosystems
because it generally integrates the ecological processes acting on a site or landscape more
measurably than any other factor or set of factors. Vegetation is a critical component of
energy flow in ecosystems and provides habitat for many organisms. In addition,
vegetation is often used to infer soil and climate patterns. For these reasons, a
classification of terrestrial ecological communities based on vegetation can serve to
describe many facets of ecological patterns across the landscape.

Vegetation Structure

e Vegetation structure represents the overall morphology and architecture of a plant
community, such as the vertical layers of plants of different heights in an agro-forestry
system, the presence/absence of gaps in the forest canopy, or the horizontal spacing of
individual plants.

e Vegetation structure is defined as the organization of individuals in space that constitutes a
stand of plants.
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e Vertical vegetation structure includes the number of plants /trees per unit area, width and
density of vegetation layers, maximum canopy height, leaf area index and vegetation
cover whereas horizontal structure represent the coefficient of variation of number, forest
cover /forest vegetation density (proportion of vegetation/forest canopy occupied by tree
crowns and overall vegetation cover.

e The structure provided by plants supports delivering ecosystem services. For example,
vegetation can delay precipitation run-off via canopy interception and thereby prevent
flooding and provides resilience to erosion.

e Also, complex forests have stronger mitigation effects on climate extremes than pastures
do, through evaporative cooling of many additive leaf layers].

e Vegetation structural variables, such as the Leaf Area Index (LAI), can be used as proxies
for productivity and terrestrial carbon stocks.

e In most habitats, vegetation provides the main structure of the environment. This
complexity can facilitate biodiversity and ecosystem services.

Physiognomy

e Physiognomy is a combination of the external appearance of vegetation, its vertical
structure, and the growth forms of the dominant trees.

e Physiognomy is an emergent trait of the vegetation community.

e Physiognomy is concerned with Architecture / Life Forms, Leaf Area Index, Phenology,
Plant Functional Types.

e Vegetation possesses two principal properties, floristic composition and physiognomy.
Chlorophyll
e A chemical compound in leaves called chlorophyll.
e Chlorophyll makes plants green.
e Chlorophyll is basically a group of green pigments used by organisms that convert
sunlight into energy via photosynthesis.
e Plants use chlorophyll to trap energy from the sun. Without this energy, plants would be
unable to initiate the process of photosynthesis, which converts water and carbon dioxide
into starches that plants can use for food.

EMR INTERACTIONS WITH VEGETATION

EMR interaction with earth surface and atmosphere has already been explained in the
previous unit. The following is particularly with reference to vegetation:

Electromagnetic radiation (EMR) that is not absorbed or scattered in the atmosphere can
reach and interact with the Earth's surface vegetation communities and other cover types.
There are three forms of interaction that can take place when energy strikes, or is incident
1) upon the surface. These are: absorption (A); transmission (T); and reflection (R). The total
incident energy will interact with the surface in one or more of these three ways. The
proportions of each will depend on the wavelength of the energy and the material and
condition of the feature.
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Figure 2.1: EMR Interaction with tree/plant leaves

Absorption (A) occurs when radiation (energy) is absorbed into the target while transmission
(T) occurs when radiation passes through a target. Reflection (R) occurs when radiation
"bounces" off the target and is redirected. In remote sensing, we are most interested in
measuring the radiation reflected from targets (Figure 2.1). We refer to two types of
reflection, which represent the two extreme ends of the way in which energy is reflected from
a target: specular reflection and diffuse reflection. When a surface is smooth, we
get specular or mirror-like reflection where all (or almost all) of the energy is directed away
from the surface in a single direction (Figure 2.2). Diffuse reflection occurs when the surface
is rough and the energy is reflected almost uniformly in all directions. Most earth surface
features lie somewhere between perfectly specular or perfectly diffuse reflectors. Whether a
particular target reflects specularly or diffusely, or somewhere in between, depends on the
surface roughness of the feature in comparison to the wavelength of the incoming radiation.

Figure 2.2: Specular Reflection
If the wavelengths are much smaller than the surface variations or the particle sizes that make
up the surface, diffuse reflection will dominate. For example, fine-grained sand would
appear fairly smooth to long wavelength microwaves but would appear quite rough to the
visible wavelengths. In case of trees diffuse reflection take place where tree leaves are very
small and needle like shape (Figure 2.3). Here the radiant energy is intermingled with leaves
and the reflection is scattered all around.
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Figure 2.3: Diffuse Reflection
Let's take a look at a couple of examples of targets at the Earth's surface and how energy at
the visible and infrared wavelengths interacts with them.
Leaves: Chlorophyll of leaves strongly absorbs radiation in the red and blue wavelengths but
reflects green wavelengths (Figure 2.4). Leaves appear "greenest" to us in the summer, when
chlorophyll content is at its maximum. In autumn, there is less chlorophyll in the leaves, so
there is less absorption and proportionately more reflection of the red wavelengths, making
the leaves appear red or yellow (yellow is a combination of red and green wavelengths). The
internal structure of healthy leaves acts as excellent diffuse reflectors of near-infrared
wavelengths. If our eyes were sensitive to near-infrared, trees would appear extremely bright
to us at these wavelengths. In fact, measuring and monitoring the near-IR reflectance is one
way that scientists can determine how healthy (or unhealthy) vegetation may be.

G IR
IR
/ A R

R
G
B

IR
R

//;//
<

B CCRS/CCT

Figure 2.4: Chlorophyll of tree leaves strongly absorbs radiation in the red (R) and blue
(B) Wavelengths but reflects green wavelengths. IR reflectance from tree leaves is
Directly related to health and amount of chlorophyll content

Water: Longer visible wavelength and near infrared radiation is absorbed more by water
than shorter visible wavelengths (Figure 2.5). Thus, water typically looks blue or blue-green
due to stronger reflectance at these shorter wavelengths, and darker if viewed at red or near
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infrared wavelengths. If there is suspended sediment present in the upper layers of the water
body, then this will allow better reflectivity and a brighter appearance of the water. The
apparent colour of the water will show a slight shift to longer wavelengths. Suspended
sediment (S) can be easily confused with shallow (but clear) water, since these two
phenomena appear very similar. Chlorophyll in algae absorbs more of the blue wavelengths
and reflects the green, making the water appear greener in colour when algae is present. The
topography of the water surface (rough, smooth, floating materials, etc.) can also lead to
complications for water-related interpretation due to potential problems of specular reflection
and other influences on colour and brightness.
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Figure 2.5: Spectral curve of water and vegetation reflectance within visible and IR
band

We can see from these examples that, depending on the complex make-up of the target that is
being looked at, and the wavelengths of radiation involved, we can observe very different
responses to the mechanisms of absorption, transmission, and reflection. By measuring the
energy that is reflected (or emitted) by targets on the Earth's surface over a variety of
different wavelengths, we can build up a spectral response for that object. By comparing the
response patterns of different features, we may be able to distinguish between them, where
we might not be able to, if we only compared them at one wavelength. For example, water
and vegetation may reflect somewhat similarly in the visible wavelengths but are almost
always separable in the infrared. Spectral response can be quite variable, even for the same
target type, and can also vary with time (e.g., "green-ness" of leaves) and location. Knowing
where to "look" spectrally and understanding the factors which influence the spectral
response of the features of interest are pcritical to correctly interpreting the interaction of
electromagnetic radiation with the surface.
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SPECTRAL CHARACTERISTICS FOR GREEN VEGETATION IN RELATION TO
WAVELENGTH

The following paragraphs are highlighting the above-mentioned spectral reflectance behavior
of leaves in relation to wavelengths:

To understand interaction of EMR with vegetation, first we have to understand the interaction
of EMR with a typical leaf. Leaf reflectance in optical and infrared wavelengths (0.4-2.5 um)
is controlled by a number of different biochemical and physical variables,
including chlorophyll and other leaf pigments, nitrogen, water, and internal leaf structure and
leaf surface variables. Specific absorption features for individual plant pigments and
compounds dominate in visible (0.4 — 0.7 um) and shortwave inferred (SWIR, ~ 1.3-2.5 um)
wavelengths, with the positions of the absorption features controlled by the vibrational and
rotational properties of the molecules present.

Generally, a leaf is built up of layers of structural fibrous organic matter, within which are
pigmented, water filled cells and air spaces. Each of the following features has an effect on
the reflectance, absorbance and transmittance properties of a green leaf:

o Pigmentation

« Physiological Structure

o Water Content
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Figure 2.6: Spectral characteristics for green vegetation within the wavelength range
of 0.4-2.6 pm.
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Important observations from the above figure:

o Small peak at green wavelengths (0.55 u m)

e Absorption band at red wavelengths (0.65 pu m)

e Near-infrared edge around 0.70 p m

e Near-infrared plateau

e Water absorption bands (1.4 and 1.9 p m)

e Black-body behaviour above 2. Suy m
The figure has shown typical spectral properties of green leaves, from which the following
main observations emerge:

Spectral Range Properties
Low reflectance, low transmittance, high absorption mainly due
to chlorophyll centred in the blue (0.45 pum) and the red (0.67
Visible um) wavelength zone, although other leaf pigments like
(0.4 pm - 0.7 pm) xanthophyll, carotenoids, and anthocyanins also affect
absorption, and small peak centred at 0.55 um in the yellow-
green region.
Low absorption, high reflectance, high transmittance as leaf
Near-infrared pigments and cellulose of cell walls are transparent. Near-
(0.7 pm - 1.3 um) (infrared plateau between 0.7 and 1.3 pm and near-infrared edge
around 0.7 ym
Middle-infrared

(1.3 um - 2.5 um) Strong water absorption bands at 1.4, 1.9 and 2.7 um

VEGETATION REFLECTANCE

Study of the vegetation spectral reflectance involves study of following four parameters:

- Reflection of plant parts.

- Reflection of plant canopies

- Nature and state of plant canopies and

- Structure and texture of plant canopies
It is the synthesis of the above parameters, which will be required to fully understand the
remote sensing data collected from space borne and aerial platforms. They have been
attempted for crop canopies through the development of models but not yet fully achieved. It
will be initially required to discuss the electromagnetic spectrum and its interaction with
vegetation canopies. Subsequent factors affecting the spectral reflectance of plant canopies
with its possible applications in remote sensing technology would be discussed.
The vegetation reflectance is influenced by the reflectance characteristics of individual plant
organs, canopy organization, type, growth stage of plants, structure and texture of the
canopies. The synthesis of the above four aspects provides true reflectance characteristic.
However, various authors without fully achieving models to determine vegetation reflectance
characteristics have studied effect of individual parameters.
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e Nature of the Plant
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Numerous measurements have been performed to evaluate the spectral response of various
categories of plants with a spectrophotometer (Figure 2.7).

_____ FUNGUS ~.-—--—POPULUS TREE
—— TREE ——-= LICHEN
~=-x-ALGAE -------MOSS

100
80k

) e

S 6q;f ..

':E) [ /"—.'—."

S aol P { e e =

-3 ra .'./ =

u - o7 "

i - So — -

m 20- ‘/- A W
e) f._.-.—.'.b—;—.‘:‘::-'_‘\n.'?: e
04 05 06 O7 OB 09 {10G I

WAVELENGTH {(um)

REFLECTANCE

WAVELENGTH (um)

Figure 2.7: Spectral Reflectance of Species of Plants Belonging to

Various Groups

The studies have lead to following general conclusions:

For a plant in its normal state i.e., typical and healthy the spectral reflectance is specific of
the group, the species and even of the variety at a given stage in its phenological evolution.
The general aspects of spectral reflectance of healthy plant in the range from 0.4 to 2.6 um is

shown in figure 2. 8.
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Figure 2.8. Spectral response of typical vegetation

The figure shows five striking features concerning the absorption —

high in the ultraviolet and the blue
reduced in the green

high in the red

- very low in the near infrared

The very abrupt increase in reflectance near 0.7 pm and the fairly abrupt decrease near 1.5
pm is present for all mature, healthy green leaves. Very high; further in the far infrared >3.0
pm. Thus, the typical spectral curve of plant is divided into three prominent zones correlated
with morphological characteristics of the leaves (Gates, 1971).

e Pigment Absorption Zone

The important pigments, viz. chlorophyll, xanthophylls and carotenoids absorb energy
strongly in ultraviolet blue and red regions of the EMR. The reflectance and transmittance
are weak. The absorbed energy of this part of this spectrum is utilized for the photosynthetic
activity.

e Multidioptric Reflectance Zone

In this zone, the reflectance is high, while the absorptance remains weak. All the unabsorbed
energy (30 to 70% according to the type of plant) is transmitted. They reflectance is
essentially due to the internal structure of the leaf and the radiation is able to penetrate. The
reflectance from internal structure is of physical more than chemical nature. Apart front the
contribution of the waxy cuticle, the magnitude of the reflectance depends primarily upon the
amount of spongy mesophyll.

e Hydric Zone

Amount of water inside the leaf affect the pattern of spectral reflectance with water specific
absorption bands at 1.45 pum, 1.95 pum and 2.6 um. Liquid water in a leaf causes strong
absorption throughout middle infrared region. Beyond 2.5 pm the reflectance becomes less

than 5% due to atmospheric absorption and beyond 3 um the vegetation starts acting as
quasi blackbody (Gates et al., 1965).

FACTORS AFFECTING SPECTRAL REFLECTANCE OF VEGETATION

There are numerous factors either internal of the plant or external coming from the
environmental conditions have an influence on the specific spectral reflectance. The above
descriptions are true only for a normal, mature and healthy vegetation. The factors which
affect the spectral reflectance of leaves are leaf structure, maturity, pigmentation, sun
exposition, phyllotaxis, pubescence, turgidity (water content) nutritional status and, disease
etc. Important factors are pigmentation, nutritional status, anatomy of leaves and water
content. While, sun exposition and phyllotaxy affects the canopy reflectance, phenological
state and disease are linked to the primary factors affecting the spectral reflectance.
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¢ Pigmentation

Low content of pigmentation results in higher reflectance and vice-versa. Moreover,
different pigments show different spectral response. Yellowing of leaf, which is a stage in
phenological cycle, or in certain diseases, breaking down of chlorophyll takes place thus
letting the presence of carotene and xanthophyll more evident. During this stage, leaf shows
sharp increase in reflectance starting at 0.50 pm.

o Nutritional Status

Due to deficiency of Nitrogen accounts in the increases of reflectance in 0.5 to 0.7 um and
0.7 to 1.3 pm region but it decreases in 1.3 to 2.5 wm region. The increase of reflectance
from 0.5 to 0.7 pm is due to the fact that light absorption in the spectral region is affected by
pigment concentration, which essentially depends on the nitrogen concentration. Increase of
reflectance from 0.7 to 1.3 pum might be related to an increase in the inter-cellular spaces
(Gausman et al., 1967). Reflectance decreases from 1.3 to 2.5 pm might be directly related
to greater water content of leaves (Thomas et al., 1966). Al Abbas et al., (1974) have studied
the chlorophyll concentration of leaves of Maize in normal and nutrient deficiency treatments
resulting on to low absorptance in the range from 0.53 to 0.75 pum. Potassium deficient in
leaves have lowest leaf thickness and leaf moisture content resulting into highest reflectance
in infrared region from 0.75 to 1.3 um. Sulphur, Magnesium and Nitrogen deficient plants
have higher moisture content and also showed on increased absorption at wavelength interval
between 1.3 and 2.5 pm.

e Leaf Anatomy

The influence of internal structure of leaf is very significant. Prominent anatomical
variations, which affect the spectral reflectance, are plant cell wall, intercellular spaces,
epidermis, palisade and mesophyll cells. When the radiation falls on the leaf surface, a part
of the energy is reflected back from the leaf surface. The reflection takes place as per cuticle
thickness. Rest of the energy passes through the leaf and strikes the lower leaves after
interacting with the internal cellular structures.

Conclusively, multiple leaf layers cause higher reflectance (up to 85 percent) in the near
infrared region. This is due to the additive reflectance, energy transmitted through the first
(upper most) layers of leaves and reflection from a second layer is partially transmitted back
through the first layer.

e Morphological Adaptations

Thorns are reported to have role in the heat balance of desert plants. Studies carried out with
the spectral properties of plants having thorn have indicated that absorptance of energy is
largely altered by thorns thereby reducing direct solar radiation at cuticular surface since by
the thorns present the radiation is absorbed, more in the thorn themselves and less in the
cuticle and spongy tissue of the plant. Thus, if the incident radiation is absorbed strongly by
the thorny mat and heat will be radiated back to the sky and less of it will be transferred by
conduction to the underlying cuticle. It is probable that this is an important role for the dense
thorn mats, but the function of thorns distributed generally over the surface of a cactus may
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be different. Thorns, however, also have other functions serving for example as a determent
to predation.

Role of trichomes, including hairs, thorns and bristles on the surface of leaves is not well
understood. Suggested function include reflection of radiation, re-radiation, reflection and
absorption of radiation to protect plant pigments and cells against too much radiation of
certain wavelengths, reflection of radiation into the mesophyll in order to provide increased
light for photosynthesis, shading for the leaf surface, reduce water loss for a leaf, insulation
against heat loss and reducing the effect of wind on the leaf boundary layer. The pubescence
significantly increases the total diffused reflection in the 0.75 — 1.0 um but decrease them in
the 1.0 to 2.5 pum. It has very little effect on the reflectance of light from 0.5 to 0.75 pum.

SPECTRAL REFLECTANCE CHANGE IN RELATION TO TEMPORAL
CHARACTERISTICS OF VEGETATION

Forest vegetation change dynamics with respect to its type, growth, health, structure and
phonological condition is a known factor. Vegetation coverage dynamics is affected by
climatic, topography and human activities, which is an important indicator reflecting the
regional ecological environment. Revealing the spatial-temporal characteristics of vegetation
coverage is of great significance to the protection and management of ecological
environment. In order to find out these changes we need the timely information so that a
judicious approach could be linked for the betterment. Following points are self-explanatory
under this sub-topic:

e Seasonal Reflectance Change

The changes that occur in the spectral properties of plant leaves during the growing season
are significant. The young folded, compact, underdeveloped leaf exhibits lack of
chlorophyll.  Absorption in the visible ranges is caused by proto-chlorophyll and
anthocyanin. Gradually the leaf becomes more and more green, which decreases red
reflectance. Finally, a fully open leaf shows the normal spectral characteristics with the
green reflectance strong and the red and blue spectral regions much absorbed. The near
infrared reflectance decreases as the leaf opens. The striking decrease appears to be caused
by the unfolding and expansion of the leaf and resultant loss of a multitude of reflecting
surfaces, which existed in the much-folded very young leaf.

As the leaf matures, the light green colour darkens and chlorophyll absorption becomes well
developed in the red region. However, the near infrared reflectance increases due to the
development of air spaces in the mesophyll and the presence of many reflecting surfaces
within a leaf. Gradually, no change in the visible part of the spectrum is noticed an increase
in the reflection in near infrared region. A stage comes, when the reflection characteristics
become fairly stable throughout the visible and near infrared and variation from leaf to leaf is
also reduced. After this stage, green reflectance increases dramatically as the blue and red
absorption weakens. The characteristic progressively becomes more and more prominent as
the chlorophyll disappears. This stage is called as senescence in phenological stage. With
the most of pigmentation gone, the leaf becomes dry and collapsed cells throughout its
structure. At this stage the leaf had a brown dead appearance. It is interest to note that the
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near infrared reflectance over the range 0.7- 0.9 um diminishes strongly but the reflectance in
the region beyond 0.9 pm changes very little.

o External Factors Affecting Spectral Reflectance

The influence of the external factors on the spectral reflectance is due to the alteration they
bring in the plant proper, water content and turgescence, mesophyll structure, evapo-
transpiration, pigmentation and metabolism. The external factors are connected:

- At ground level
¢ to the water availability for the plant
e to trophic mineral ions availability with specific evidence for nitrogen, iron,
potassium, phosphorus, calcium or magnesium in the chlorophyll.
e to the toxic mineral salts presence in the substrate.

- From atmosphere
e climatic factors (winds, air moisture content, temperature, sunshine conditions) on
which depend the CO 2 acceptance and evapo-transpiration.
e seasonal variations
e toxic pollutants (especially fluorine, sulphur dioxide)
e deposition of dust/particulate matter

- By biological pathogenic agents
e parasites
e predators

Disease Infestation

Effect of disease on spectral characteristics of plants can be understood, when it is related to
the type of disease. The spectral changes due to different type of plant disease are discussed
below:

e Trophic Diseases

Due to decrease in pigment content reflectance is increased in the region of 0.4 to 0.7 pum.
The spectral response in the far infrared is expected to change due to the higher metabolism
in the affected areas influencing leaf temperature. Variation in the leaf inner structure should
not be important in the case of powdery mildew, as the pathogen lives on the leaf surface,
affecting the sole epidermis. The presence of the mould formed by the pathogen on the leaf
may cause modification in the response of the visible region.

¢ Auxonic Diseases

In this group of disease, the growth capability of the plant or of a part of it is mainly affected.
This type of disease can be caused due to nutritional stress, chemical agents (for instance
herbicides), bacteria, fungi and viruses’ symptomatology of this kind of diseases present
heterogeneous characteristics. Hence, it does not seem possible to give any indication on the
spectral response. However, common characteristic is decrease in chlorophyll content
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thus, a variation of the response in the visible region is expected. The similar effect can be
expected due to the change in the morphology of the plants.

e Necrotic Diseases

Pathogen presence results in an alteration of pigment content, leaf structure and water
balance. Due to this fact variation in the leaf spectral response in the whole wavelength
interval (0.4 to 2.6 um) can be expected. Reflectance of infected areas is always higher than
that of healthy areas and differences are more evident in the chlorophyll absorptance bands
(0.5 — 0.7 um) and water (1.45 and 1.95 um). These differences have been related to a
decrease of chlorophyll and water in decreased tissue.

e Vascular Diseases

These diseases are characterized by the location of the pathogens along the vascular elements
thus, interfering with the plant water supply. The spectrum consists of various level of
chlorosis and especially partial or total with agents of this group of diseases are mainly fungi
and bacterial. Obviously, as the water stress becomes prominent, the spectral response in the
middle infrared region (1.3 to 2.5 um) shows clear indication. The variations will be more
evident at the three peaks of highest water absorption i.e., 1.45, 1.95 and 2.6 um. Water
stress will cause change in the inner leaf structure also which will lead to change in the
spectral response in the wavelength interval from 0.5 to 0.7 um is expected to change also.

e Lytic Diseases

The main characteristic of this group of diseases from the symptomatological point of view is
the formations of ‘rots’ as an effect of the tissue disintegration. The water balance of the
plant and the inner structure of leaf are mainly affected. Consequently, the pigment content
of the affected areas is modified. It causes variation in the spectral response in the whole
wavelength interval of 0.5 to 2.5 um. Most prominent affect is expected in the form of
higher reflectance in the visible portion of the spectrum due to lowering of pigment
concentration.

e Epiphytic Diseases
Here, disease is caused by the so-called epiphytic plants, which utilize the host as support.
The dust or particulate matter acts as screen affecting photosynthesis and spectral response is

expected to change in the range of 0.5 to 0.7 um due to presence of extraneous substances
(Figure 2.9).
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Figure 2.9. Spectral response of leaves of Citrus affected by fungus (Capnodium citri)

REFLECTANCE OF VEGETATION CANOPIES

The spectral reflectance as measured on separate organs by means of spectrophotometer may
present fundamental of spectral characteristic but necessarily, they do not allow a
straightforward interpretation of the information obtained by remote sensing on a scene.

The spectral response of vegetation canopies needs to be studied keeping in view
following points:

- Vegetation coverage on the soil may vary, which gives rise to composite reflectance
of soil and vegetation. The ratio describing the actual rate of cover may be related to

the "leaf area index (LAI)”. LAl is also reported to be correlated with crown closure
and crown diameter.

- Phyllotaxy of plants combined with canopy architecture depending on this parameter
the incoming radiation penetrates inside the vegetation cover by multiple reflectance
and transmissions, acting more specifically on the infrared part of the spectrum. The
resultant canopy reflectance is consequently less than the one featured by single
leaves and rarely exceeds 30%. The rate of diffusion increases with the leaf
irregularities and the sun elevation.

- The irradiance declination, which is controlled by the time and the season. Generally,
the more vertical to the canopy the more intensively the radiance penetrates the cover.
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Strong reflectance as a function of wavelength and accordingly to the structure of
canopy and phenological status. In order to set up the canopy reflectance from the
spectral properties of single organs. Reflectance models have to be built up.

COMPOSITE REFLECTANCE

In natural conditions the elementary area on ground as resolved by the IFOV of a sensor (the
pixel in the image) is most of the time composed of mixed elements (vegetation and
underlying soil) this leads to spectral reflectance curves without the clear maximum and
minimum values otherwise typical of vegetation. This mixing occurs when the density of the
plant or of the lower as a whole is too low or at the transition between two vegetation types.
The resulting reflectance of the heterogeneous area appears as being in between the typical
reflectance of the constitutive elements, it shows a “composite reflectance” p(A), which can
be derived from the proper reflectance poc (A) of each of the elements.

Thus, the reflectance of a soil area A is partially covered with vegetation may be
expressed as a composite reflectance

AvPv-AsPs
[ — With A = Av + As

Pv and Ps being the specific reflectance of the vegetation and soil respectively.
In the visible region of EMR usually Ps > P v
In the near infrared conversely Ps < Pv

A composite reflectance is difficult to interpret, when the spatial variability and area resolved
are both greater. It can be inferred from the various phenomenon outlines above how a
remote sensing technology can be benefited with study of spectral signatures of vegetation.

- choice of spectral bands

- choice of spectral bandwidth according to information content
- optimal irradiance conditions (day of the year and time)

- sensitive periods in the vegetative cycle of the plants

When satellite data is given for interpretation, one has to keep in mind the facts how the data
have been acquired. It will be required to process the data for useful information extraction.

2.4 SUMMARY

Spectral properties of plants have been utilized in the context of their usefulness in
studying vegetation from remote sensing platforms. A synthesis of data on spectral
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properties, vegetation types, and growth and energy conditions provide valuable
information about biomass and productivity.

Vegetation has a unique spectral signature and the different reflectance characteristics with
respect to their types and heterogeneous nature Plants that are stressed or diseased can also
be identified by their distinct spectral signatures. The leaf pigments, cell structure and water
content all impact the spectral reflectance of vegetation. For example, broad leaved trees
have a higher reflectance in the near infrared compared to conifers.

Interaction of EMR with vegetation in visible, near infrared (NIR) and middle infrared (MIR)
region needs to understand first the interaction of EMR with overall vegetation community
and with a typical leaf. Generally, a leaf is built up of layers of structural fibrous organic
pigmented matter, water filled cells and air spaces. Each of the features like pigmentation,
physiological structure and water content have an effect on the reflectance, absorbance and
transmittance properties of a green leaf.

In this unit remote sensing based EMR interaction with vegetation, the spectral and
temporal characteristics of vegetation in relation to different wavelengths have been
explained under the sub-heads - definitions and concepts, EMR Interaction with
Vegetation, spectral characteristics for green vegetation in relation to  wavelength,
vegetation reflectance, factors affecting spectral reflectance of vegetation, spectral
reflectance change in relation to temporal characteristics of vegetation, reflectance of
vegetation canopy and composite reflectance.

2.5 GLOSSARY

Anthocyanins:  Anthocyanins are water-soluble vacuolarpigments that, depending on
their pH, may appear red, purple, blue or black.

Mesophyll: The mesophyll is a soft spongy material located between the upper and lower
epidermal surfaces, and is where photosynthesis takes place. It also contains the chloroplasts
that give leaves their glossy green appearance.

Plant Pigment: A plant pigment is any type of colored substance produced by a plant. In
general, any chemical compound which absorbs visible radiation between about 380 nm
(violet) and 760 nm (ruby-red) is considered a pigment. There are many different plant
pigments, and they are found in different classes of organic compounds. Plant pigments
give color to leaves, flowers, and fruits and are also important in controlling photosynthesis,
growth, and development.

Phyllotaxis: In botany, phyllotaxis or phyllotaxy is the arrangement of leaves on a plant
stem

Pubescence: The state of being in or reaching puberty. It is also called as a covering of fine,
soft hairs.
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Phonology/Phenology: Phenology is the study of the timing of the biological events in
plants and animals such as flowering, leafing, hibernation, reproduction, and migration. You
may also

say it as outer appearance of plant/forest vegetation.

Xanthophyll, Carotenoide, carotenes : Xanthophylls (originally phylloxanthins) are
yellow pigments that occur widely in nature and form one of two major divisions of
the carotenoid group; the other division is formed by the carotenes. As both are carotenoids,
xanthophylls and carotenes are similar in structure, but xanthophylls contain oxygen atoms
while carotenes are purely hydrocarbons, which do not contain oxygen. Their content of
oxygen causes xanthopylls to be more polar (in molecular structure) than carotenes, and
causes their separation from carotenes in many types of chromatography. (Carotenes are
usually more orange in color than xanthophylls.) Xanthophylls present their oxygen either
as hydroxyl groups and/or as hydrogen atoms substituted by oxygen atoms when acting as a
bridge to form epoxides.

Like other carotenoids, xanthophylls are found in highest quantity in the leaves of most
green plants, where they act to modulate light energy and perhaps serve as a non-
photochemical quenching agent to deal with triplet chlorophyll (an excited form of
chlorophyllle@rion neededl ' hich is overproduced at high light levels in photosynthesis.
Caratotenoides are an essential component of all photosynthetic organisms due to their
eminent photoprotective and antioxidant properties.

2.6 ANSWER TO CHECK YOUR PROGRESS

1. Define Vegetation Reflectance?
2. Write a note on factors affecting Spectral Reflectance of Vegetation?
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2.8 TERMINAL QUESTIONS

Q.1 Explain the EMR Interaction with Vegetation.

Q.2 Explain Spectral Reflectance Change in Relation to Temporal Characteristics of Vegetation.
Q.3 Define Reflectance of Vegetation Canopy.

Q.4 Describe Composite Reflectance.

Q.5 Define Spectral Characteristics for Green Vegetation in Relation to Wavelength.
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3.1 OBJECTIVES

After reading this unit you should be able:
e To understand Remote Sensing and Forest Cover Mapping

e To explore forest cover change and forest management by using remote sensing and
GIS.

e To discover biodiversity studies.

3.2 INTRODUCTION

Remote sensing is the acquisition of information about some feature of interest without
coming into direct contact with it. Popular forms of remote sensing used in the environmental
sciences are images of the Earth’s surface acquired from sensors mounted on airborne and
spaceborne platforms. Remote sensing has been used for mapping the distribution of forest
ecosystems, global fluctuations in plant productivity with season, and the three-dimensional
(3D) structure of forests. The range and diversity of sensing systems, as well as the variety of
applications, have evolved greatly over the last century. The types of images used range
widely from conventional aerial photographs that capture a view similar to that observed by
the human eye to images that reveal elements that might be invisible to the human eye, such
as the physical structure and chemical composition of the Earth’s surface. Remotely sensed
imagery provides a view of the Earth’s surface in such a way that allows features on it to be
identified, located, and characterized. Moreover, although each image provides a snapshot of
the environment, it is commonly possible to acquire imagery repeatedly in time. As a result,
remote sensing has been used in a diverse range of forest ecology and management
applications from mapping invasive species to monitoring land-cover changes, such as habitat
fragmentation, to estimating biophysical and biochemical properties of forests. This Primer
seeks to briefly review the role of remote sensing in forest ecology and management. It
focuses on non-terrestrial forms of remote sensing (i.e., it does not include terrestrial laser
scanning or field spectroscopy); reviews the range of sensors, platforms, applications,
classification methods, and choices of remote-sensing systems; and concludes by indicating
future directions in this rapidly evolving interdisciplinary field.

3.3 FOREST COVERS TYPE AND FOREST DENSITY
MAPPING, FOREST COVER CHANGE DETECTION, FOREST
MANAGEMENT, BIOMASS AND BIO-DIVERSITY STUDIES

NEED TO CLASSIFY LAND USE AND LAND COVER

Land use describes how a parcel of land is used (such as for agriculture, residences, or
industry), whereas land cover de scribes the materials (such as vegetation, rocks, or
buildings) that are present on the surface. For example, the land cover of an area may be
evergreen forest, but the land use may be lumbering, recreation, oil extraction, or various
combinations of activities. Accurate, current information on land use and cover is essential
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for many planning activities. Remote sensing methods are becoming increasingly important
for mapping land use and land cover for the following reasons:

1. Large areas can be imaged quickly and repetitively.

2. Images can be acquired with a spatial resolution that matches the degree of detail
required for the survey.

3. Remote sensing images eliminate the problems of surface access that often hamper
ground surveys.

4. Images provide a perspective that is lacking for ground surveys.

Image interpretation is faster and less expensive than conducting ground surveys.

6. Images provide an objective, permanent data set that may be interpreted for a wide
range of specific land uses and land covers, such as forestry, agriculture, and urban
growth.

There are some disadvantages to remote sensing surveys:
1. Some types of land use may not be distinguishable on images.
2. Most images lack the horizontal perspective that is valuable for identifying many

e

categories of land use.
Remote sensing interpretations should be supplemented by ground checks. The following
section describes a system for classifying land use and land cover that is based on the
interpretation of remote sensing images. A succeeding section uses the system to interpret
images of the Los Angeles region.

THE UBIQUITY OF REMOTE SENSING: SIX KEY REASONS

Given that many forests environmental variables can be estimated directly in the field, why
has remote sensing become an important data source? We note six key reasons for this
situation:

e First, remotely sensed imagery provides a synoptic view. The vantage provided by an
Earth-observing sensor ensures that imagery captures a complete picture of the
environment in its field of view. Thus, every visible feature, including its location and
its location relative to that of all others in the imaged area, is captured. In short, this
gives imagery a map-like format that provides a complete survey of the imaged area
rather than field data, which are often based on a very limited set of samples from
which inter-sample site information would have to be inferred by some form of
interpolation. Because of this complete survey, remote sensing allows wall-to-wall
mapping and monitoring of important ecological variables, such as land-cover change.

e Second, remotely sensed data are available everywhere and often at a range of spatial
and temporal scales. Key environmental remote-sensing systems, such as those
carried by the Landsat satellites, have provided a constantly updateable stream of
imagery for the entire planet since the 1970s. Availability can sometimes be
constrained by technical problems or cloud cover, but in principle, imagery should be
available everywhere irrespectively of location, enabling infer alia study of sites no
matter how remote or hazardous they might be. Furthermore, historical remote-
sensing data allow us to go back in time to look at the causes of present environmental
issues.
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Third, remotely sensed imagery has a high degree of homogeneity. Critically, data
from key environmental remote-sensing systems are acquired under relatively fixed
conditions, and the data captured relate to the way in which radiation interacts with
the environment, which is constant in space and time; there are no human-induced
complications, such as differences in measurement practices from one country to
another.

Fourth, the imagery contains, or can easily be converted to, digital images and as such
can be easily integrated with other spatial datasets in a geographical information
system.

Fifth, per unit area, remote sensing is an inexpensive way to acquire data. Although
the financial costs associated with remote sensing can sometimes be very large—for
example, it is expensive to build, launch, and operate satellite remote-sensing
systems, making some imagery expensive—much is freely available. Additionally,
although commercial remote-sensing systems can appear costly, the data still provide
inexpensive assessment on a unit-area basis. More critically, however, there has been
an increasing trend to make key datasets for environmental science research freely
and openly available. For example, the complete archive of the influential Landsat
series of satellites is freely available, and recently the European Space Agency (ESA)
launched a suite of new satellites and provides the data collected for free. Resources
such as Google Earth Engine (GEE) also provide easy access to vast global datasets.
Sixth and finally, not only are data more readily available, but there has also been an
increasing trend toward the provision of data products as well as the image data
themselves. This reduces both the need for expert knowledge of remote sensing and
image analysis and the communication gap between experts and environmental
scientists, which has historically been a concern. Environmental scientists can now
easily access science-quality data products obtained from remote sensing (e.g., leaf
area index, land use, and land cover), although expert knowledge might still
sometimes be needed.

THE FIVE PHASES OF FOREST MAPPING FROM TREE SPECIES

Some perspective can be gained by examining these events and considerations over time and
projecting them into the near future. Five development phases, slightly overlapping, appear to
characterize the development of satellite imagery and its use for tropical forest cover

mapping.

1.

The Landsat MSS period, 1972 to the early-1980s. This period is characterized by
the availability of relatively coarse resolution imagery and incipient development of
complementary technologies--high speed computer hardware and software, tropical
forest analysis methodologies and GIS. During this time, the potential for satellite
imagery use was often oversold, and without necessary technical backup components,
many users became disillusioned.

High resolution imagery from 1982 to present. This period, which also coincides
with the availability of low resolution AVHRR imagery, marks the availability of
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imagery from the Landsat Thematic Mapper and the French SPOT satellite, and a
corresponding step-wise improvement in the utility of remote sensing for many
purposes. However, it also marks the commercialization of satellite imagery and a
large increase in its cost.

3. A third phase, the promotion of major national and international tropical forest
assessments, began in the late 1980s in response to global climate change concerns
and continues, with additional concern for biodiversity loss. It is driven by political
and scientific pressures to determine levels of deforestation and loss of
habitat/biodiversity and to determine the role of deforestation in global climate
change (the greenhouse effect). This phase makes use of the high-speed computer
hardware and software developed during the 80s along with higher resolution
imagery, imagery analysis software, and more flexible GIS systems and applications.
The end of this phase will be marked by public reporting on the results and the
reconciliation of differing results and methodologies.

4. A fourth phase is likely to involve the portrayal and interpretation of the results of
forest mapping from space in terms of globally important habitats of biodiversity
and forest cover, anticipated to begin in 1994. This work will entail the integration
via GIS of remotely sensed information ("top down") with site specific, "bottom up"
information from ecosystem research plots, habitat management units, and
socioeconomic census data. That is, in addition to more and more ground truthing and
the establishment of permanent plots to verify and adjust "top down" results, scientists
from a variety of disciplines will be incorporating their own field research-based
"bottom up" findings via GIS overlays. From this work will flow information of
fundamental importance to international and national actions addressing tropical
forest ecosystem management and conservation as well as climate change research.
The calibration or validation of various global models, especially of the carbon cycle
and of global climate will mark this phase as well. The resulting improved projections
and timetables of climate change will exert an important influence on national and
international decisions concerning greenhouse gas emissions.

5. The initiation of global forest monitoring, also anticipated to begin in 1994, will
complete the phased development of efforts to address tropical forest cover dynamics.
Its outlines have already been sketched by the TREES project and more recently by
Skole, Justice and Malingreau. The politics of national responses to international
conventions on tropical forests and biodiversity conservation will come into play to
influence the eventual scope, authority, and participation in monitoring and evaluation
work.

THE STATUS OF GLOBAL FOREST COVER MAPPING
Four ongoing surveys of tropical forest cover and tropical deforestation are briefly described
next. A detailed survey and description of these efforts has also been compiled in an atlas
format index under a separate cover. Early results of these multi-year surveys are already
revising previous estimates of deforestation rates.
e Pathfinder. The Pathfinder survey is sponsored by NASA and the U.S.
Environmental Protection Agency (EPA). It is one piece of the global carbon research
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of the U.S. Global Change Research Program that is developing the scientific basis
for policies related to global change. Underway since 1992, Pathfinder mapping will
cover 75 percent of the world's tropical forested area. The program's researchers will
measure tropical forest cover and change at three points in time -- early 1970s, 1980s
and 1990s -- on all the continents. The mapping is being implemented as two parts,
one by NASA's Goddard Space Flight Center, with university-based researchers as
partners, and the other by EPA researchers. The first of the two Pathfinder sub-
projects is being carried out by the Universities of Maryland and New Hampshire.
They are acquiring and interpreting approximately 2,700 Landsat images (900 images
at three points in time) to determine tropical forest cover and change in Southeastern
Asia (University of New Hampshire), South America and Africa (University of
Maryland). USAID has underwritten some of the work corresponding to Central
Africa. Preliminary results of work in South America and Central Africa have already
been published. In the second sub-project, tropical forest cover of Mexico, Central
America and the Caribbean is being mapped by the EPA as part of a land cover map
of North America. EPA researchers in Las Vegas, Nevada will map ground cover and
vegetative change. This work was just getting underway in the Fall of 1993. In both
cases vegetation will be classified into six categories -- forest, nonforest vegetation,
deforested areas, regenerated forest cover, cloud and water cover and "unknown".

e FAO. Satellite imagery figured strategically in the FAO's decennial World Forest
Resources Assessment, whose report for tropical countries was published in
November 1993. The assessment employed Landsat satellite imagery to analyze forest
cover at two points in time (1981 and 1990) for a 10 percent sample of the world's
tropical forests. The sample comprised 117 sites statistically chosen from four broad
ecological zones (tropical rainforest, moist deciduous forest, dry deciduous forest, and
upland formations). For each site comparable Landsat scenes for the two dates were
acquired, analyzed, and field checked. The objective was to provide more precise
estimates of forest cover and change at the regional and global levels than would be
possible with existing data. Thirty-one of the 47 sample sites in Africa had been
analyzed by the end of 1993 and the results are reported in the report mentioned
above; work continues in other regions. The analytical results and other available
information are being merged into a GIS system that identifies four classes of natural
woody vegetation (continuous closed canopy and continuous open canopy forests,
fragmented forests, and shrubs) as well as forest plantations. FAO measured change in
these types of cover during the interval of study and, among other analyses,
interpreted change as a function of population density.

e The assessment also employed AVHRR imagery and analysis in West Africa and the
Amazon to study the effect of forest fragmentation on forest degradation and, by
inference, biodiversity loss.

e TREES. The TREES project is sponsored by the European Space Agency and the
Commission of European Communities (CEC). The project, based at the CEC's Joint
Research Center in Ispra, Italy, is also mapping global tropical forest cover. The work
manifests the European community's concern over the relationship of global warming
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and forest cover loss. To some extent it duplicates the Pathfinder efforts to map forest
cover, however the methods and the time frame differ. TREES aims initially to
establish a baseline of tropical forest cover for the late 1980s on the basis of 1.1
kilometer resolution Advanced Very High Resolution Radiometer (AVHRR) imagery,
available from NOAA (at a cost of $100 per scene) and from TIROS satellite ground
receiving stations around the world. Validation of image classification will employ
the results of the FAO sample scenes as well as by "nesting" higher resolution SPOT
and Landsat TM imagery into the AVHRR scenes. A second phase of TREES will
then monitor active deforestation areas, identified with AVHRR imagery, by means of
higher resolution images from the European ERS-1 satellite, SPOT and Landsat. A
third phase of TREES will model tropical deforestation, examining the dynamics and
biospheric role of tropical forests.

e AVHRR imagery was selected to determine forest cover and change in the mid-1980s
as an alternative to the high cost of the commercialized Landsat imagery. Initial
success led to the foundation for the TREES project. While other organizations also
use the AVHRR resource, such as The Woods Hole Research Center, TREES seems
to be the leading proponent. The TREES project plans to model factors affecting
tropical deforestation, including population. However, as in the case of data on forest
cover change over time, time series of demographic data of sufficient detail, i.e. for
the smallest sub-national units, are also lacking or unavailable for analysis.
Coordinated efforts have recently begun to compile the most detailed demographic
data possible, under the aegis of CIESIN, and, like ongoing U.S. efforts to map
tropical forest changes, the data compilations are underwritten by the U.S. Global
Change Research Program.

e PANAMAZONIA. The PANAMAZONIA project is a large-scale South American
effort to map the forest cover of the Amazon Basin at two points in time (mid-1980s
and late 1980s), and will distinguish only forest and nonforest vegetation. Areas
deforested during the period will be plotted. A completion date has not been set. This
survey, led by Brazil's INPE, involves the cooperation of eight Amazonian Basin
countries. Independently of this effort INPE has surveyed forest cover in the Brazilian
portion of the Amazon basin since 1978. Much of the project consists of training by
Brazilians of neighbouring country technicians in satellite image interpretation
methods and the mapping of those portions of the Amazon falling within their
boundaries.

e Together these mapping efforts cover most of the world's tropical forests at
comparable levels of detail and time periods. An exception is the forests of Central
Africa which lie in the one area of the tropics lacking a Landsat ground receiving
station. Few images of the area have been recorded and downloaded to other receiving
stations, and consequently there is poor MSS and TM coverage over time. Coverage
is poor for the 10-meter resolution panchromatic sensor aboard the continuously
recording SPOT satellite as well, due to cloud cover in the lower Congo Basin. Only
small-scale AVHRR imagery is available for long-term comparison (since
approximately 1979).
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THE RELATIONSHIP BETWEEN REMOTE SENSING AND GIS, FOREST
INVENTORY AND FOREST PLANNING
The field of remote sensing has a relationship with other fields, such as Geographical
Information Systems/Technology (GIS/GIT), forest inventory, and forest planning. It is worth
clarifying the definition and roll of remote sensing in relation to these other fields. A GIS
consists of four components, namely data acquisition, data storage, data analysis, and map
production. Remote sensing fills the function of “data acquisition” in a GIS; the remote
sensing data input may be raw data (e.g., images) or processed data (e.g., map data derived
from remote sensing). The field of forest inventory is concerned with techniques and methods
for measuring and estimation of forest resources. Forest inventory can be done with manual
methods, but remote sensing plays an increasing role for providing both wall-to-wall data and
as ancillary data in statistical estimations of forest resources. Remote sensing and forest
inventory have an intertwined relationship, which can be described as having two main
interactions:

e Remote sensing data acquisition for forest inventory purposes, and

e Forest inventory data use as reference data to help interpret remote sensing data (i.e.,

training data) or to use in validation of the map or product from remote sensing (i.e.,
validation data).

Note that the subject area of remote sensing differs from the subject areas of inventory,
planning, and GIS. Remote sensing data are used within the process of forest inventory, and
they are analysed or displayed within a GIS. However, the subject of remote sensing includes
not just measuring (i.e., inventory), but also knowledge of how to acquire and process the raw
remotely sensed in a correct way. This may require background knowledge in physics,
statistics, photogrammetry, programming, and certainly geography. The subject of remote
sensing also involves knowing which remote sensing data source is best suited for the
purpose (i.e., strengths and limitations), and how to perform and present an accuracy
assessment of the map products from remote sensing data.

APPLICATION OF REMOTE SENSING IN FORESTRY

Within forest ecology and management, there is a diverse range of applications for remote
sensing, including the measurement of cover, vegetation structure, vegetation chemistry and
moisture, biodiversity, and soil characteristics. These variables are critical for understanding
forest ecosystem functions and processes, as well as classifying forests into specific
communities, ecosystems, and biomes. For forestry applications, remote-sensing
measurements can be used for producing forest inventories for calculating the number of
trees per acre, the basal area, and the value of timber. For forest monitoring, measuring
change in these variables is important for understanding ecosystem dynamics and
anthropogenic impacts in both the short term (i.e., fire) and long term (i.e., climate change).
From the day-to-day management perspective, monitoring forest change is critical for
determining potential risks such as fire hazard due to fuel loads and overall forest health.
Finally, forest monitoring with remote-sensing approaches underpins policies such as
Reducing Greenhouse Gas Emissions from Deforestation and Forest Degradation (REDD+)
and Roundtable on Sustainable Palm Oil certification.
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Remote sensing can be used for mapping and measuring virtually all key forest variables
(e.g., tree density and basal area); this table highlights particularly common applications for
specific remote-sensing systems. The double checkmarks refer to more common applications,
and the single checkmarks refer to fewer common applications. It is important to note that
there are examples in the literature for nearly all sensor and platform combinations. For
example, UAV-mounted SAR is possible, but its application so far is unusual. Although
measuring foliage projective cover with hyperspectral imagery is technically not a problem,
in many cases it would be simpler to use multispectral imagery. Finally, remote-sensing data
such as spectral indices (e.g., NDVI) can be used as inputs into physical and empirical
models for characterizing a vast range of forest variables.
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Figure 3.1: Remote Sensing and Forestry
Source: Google
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There are a range of ways in which remote sensing is used to represent different forest
variables. Both optical and SAR data are provided in a (flat) raster format (i.e., as a grid of
values), whereas LiDAR data are represented by 3D point clouds (Figure 3.1). These data are
then classified into either categorical or continuous outputs. For example, land use and land
cover are categorical, whereas foliage projective cover is continuous. However, depending on
the resolution, the same variable can be represented as continuous or categorical. For
example, medium-resolution Landsat can be used for classifying pixels according to the
percentage of foliage projective cover, whereas high-resolution 5-cm data derived from a
UAV can characterize the actual canopy extent. These two perspectives for representing
forest variables determine the general types of analyses conducted with remote-sensing data.
For continuous biophysical measurements (e.g., the fraction of absorbed photosynthetically
active radiation and biomass), the correlation between field measurements and vegetation
indices, such as the normalized difference vegetation index (NDVI), is most common.
However, for categorical mapping, classification algorithms such as the maximum likelihood
classifier and machine-learning approaches such as Random Forests are “supervised” with
training data. For high-spatial-resolution data, pixels can be aggregated first to form objects
that represent natural spatial units of relevance (e.g., individual trees) on the basis of their
similar spectral and textural properties. Rather than being classified as pixels, these image
objects are classified according to a method known as geographic object-based image
analysis.

Where remote sensing can really demonstrate its great potential is in measuring forest
variables for multiple time periods or between multiple locations. Although any remote-
sensing application requires the acquisition of high-quality cloud-free data, for applications
where more than a single scene is analysed, this is even more important. A key decision point
that will depend on the type of analysis is whether to pre-process data to reduce atmospheric
effects (i.e., illumination and cloud haze). For certain applications, radiometric correction is
necessary for converting the raw remote-sensing data (digital numbers) into surface
reflectance, which represents the fraction of incoming solar radiation that is reflected from
Earth’s surface.

LAND USE/LAND COVER MAPPING

A knowledge of land use and land cover is important for many planning and management
activities and is considered an essential element for modeling and understanding the earth as
a system. Land cover maps are presently being developed from local to national to global
scales. The use of panchromatic, medium-scale aerial photographs to map land use has been
an accepted practice since the 1940s. More recently, small-scale aerial photographs and
satellite images have been utilized for land use/land cover mapping.

The term land cover relates to the type of feature present on the surface of the earth. Corn
fields, lakes, maple trees, and concrete highways are all examples of land cover types. The
term land use relates to the human activity or economic function associated with a specific
piece of land. As an example, a tract of land on the fringe of an urban area may be used for
single-family housing. Depending on the level of mapping detail, its land use could be
described as urban use, residential use, or single-family residential use. The same tract of
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land would have a land cover consisting of roofs, pavement, grass, and trees. For a study of
the socioeconomic aspects of land use planning (school requirements, municipal services, tax
income, etc.), it would be important to know that the use of this land is for single-family
dwellings. For a hydrologic study of rainfall-runoff characteristics, it would be important to
know the amount and distribution of roofs, pavement, grass, and trees in this tract. Thus, a
knowledge of both land use and land cover can be important for land planning and land
management activities.

The USGS devised a land use and land cover classification system for use with remote sensor
data in the mid-1970s. The basic and structure of this system are still valid today. A number
of more recent land use/land cover mapping efforts follow these basic concepts and, although
their mapping units may be more detailed or more specialized, and they may use more recent
remote sensing systems as data sources, they still follow the basic structure originally set
forth by the USGS. In the remainder of this section, we first explain the USGS land use and
land cover classification system, then describe some ongoing land use/land cover mapping
efforts in the United States and elsewhere. Ideally, land use and land cover information
should be presented on separate maps and not intermixed as in the USGS classification
system. From a practical standpoint, however, it is often most efficient to mix the two
systems when remote sensing data form the principal data source for such mapping activities.
While land cover information can be directly interpreted from appropriate remote sensing
images, information about human activity on the land (land use) cannot always be inferred
directly from land cover. As an ex ample, extensive recreational activities covering large
tracts of land are not particularly amenable to interpretation from aerial photographs or
satellite images. For instance, hunting is a common and pervasive recreational use occurring
on land that would be classified as some type of forest, range, wetland, or agricultural land
during either a ground survey or image interpretation. Thus, additional information sources
are needed to supplement the land cover data. Supplemental information is also necessary for
determining the use of such lands as parks, game refuges, or water conservation districts that
may have land uses coincident with administrative boundaries not usually identifiable on
remote sensor images. Recognizing that some information cannot be derived from remote
sensing data, the USGS system is based on categories that can be reasonably interpreted from
aerial or space imagery.

The USGS land use and land cover classification system was designed according to the
following criteria: (1) the minimum level of interpretation accuracy using remotely sensed
data should be at least 85 percent, (2) the accuracy of interpretation for the several categories
should be about equal, (3) repeatable results should be obtainable from one interpreter to
another and from one time of sensing to another, (4) the classification system should be
applicable over extensive areas, (5) the categorization should permit land use to be inferred
from the land cover types, (6) the classification system should be suitable for use with remote
sensor data obtained at different times of the year, (7) categories should be divisible into
more detailed sub categories that can be obtained from large-scale imagery or ground
surveys, (8) aggregation of categories must be possible, (9) comparison with future land use
and land cover data should be possible, and (10) multiple uses of land should be recognized
when possible.
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It is important to note that these criteria were developed prior to the widespread use of
satellite imagery and computer-assisted classification techniques. While most of the 10
criteria have withstood the test of time, experience has shown that the first two criteria
regarding overall and per class consistency and accuracy are not always attainable when
mapping land use and land cover over large, complex geographic areas. In particular, when
using computer-assisted classification methods, it is frequently not possible to map
consistently at a single level of the USGS hierarchy. This is typically due to the occasionally
ambiguous relationship between land cover and spectral response and the implications of land
use on land cover. The basic USGS land use and land cover classification system for use
with remote sensor data is shown in Table 3.1. The system is designed to use four “levels” of
information, two of which are detailed in Table 3.1. A multilevel system has been devised
because different degrees of detail can be obtained from different aerial and space images,
depending on the sensor system and image resolution. The USGS classification system also
provides for the inclusion of more detailed land use/land cover categories in Levels III and
IV. Levels I and 11, with classifications specified by the USGS (Table 3.1), are principally of
interest to users who desire information on a nationwide, interstate, or state-wide basis.
Levels III and IV can be utilized to provide information at a resolution appropriate for
regional (multicounty), county, or local planning and management activities. Again, as shown
in Table 3.1, Level I and II categories are specified by the USGS. It is intended that Levels III
and IV be designed by the local users of the USGS system, keeping in mind that the
categories in each level must aggregate into the categories in the next higher level. Figure 3.2
illustrates a sample aggregation of classifications for Levels III, 11, and 1.

Table 3.1 lists representative image interpretation formats for the four USGS land use and
land cover classification levels. Level I was originally designed for use with low to moderate
resolution satellite data such as Landsat Multispectral Scanner (MSS) images. (See Chapter 6
for a description of the Landsat satellites and the other satellite systems mentioned below.)
Image resolutions of 20 to 100 m are appropriate for this level of mapping.
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Figure 3.2: Land use Classification on Various Level

Level IT Level 111
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17  Other urban or
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Level II was designed for use with small-scale aerial photographs. Image resolutions of 5 to
20 m are appropriate for this level of mapping. The most widely used image type for this
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level has been high altitude color infrared photographs. However, small-scale panchromatic
aerial photographs (Figure 3.3) and various moderate resolution satellite systems are also
representative data sources for many Level II mapping categories.

{ 3 :

Figure 3.3: Remote Sensiﬁ.;g and Land Use Classification

The general relationships shown in Table 3.2 are not intended to restrict users to particular
data sources or scales, either in the original imagery or in the final map products. For
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example, Level I land use/land cover information, while efficiently and economically
gathered over large areas by the Landsat MSS, could also be interpreted from conventional
medium-scale photographs or compiled from a ground survey.

For mapping at Level III, substantial amounts of supplemental information, in addition to that
obtained from medium-scale images, may need to be acquired. At this level, a resolution of 1
to 5 m is appropriate. Both aerial photo graphs and high resolution satellite data can be used
as data sources at this level. Mapping at Level IV also requires substantial amounts of
supplemental in formation, in addition to that obtained from aerial images. At this level, are
solution of 0.25 to 1.0 m is appropriate. Large-scale aerial photographs are often the most
appropriate form of remotely sensed data for this level of map ping, although high-resolution
satellite data could be appropriate in many applications.

TABLE 3.1: USGS Land Use/Land Cover Classification System for Use with Remote
Sensor Data

Level 1 Level 11

1 Urban or built-up land 11 Residential
12 Commercial and service
13 Industrial
14 Transportation, communications, & utilities
15 Industrial and commercial complexes
16 Mixed urban or built-up land
17 Other urban or built-up land
2 Agricultural land 21 Cropland and pasture
22 Orchards, groves, vineyards, nurseries, and ornamental
horticultural areas
23 Confined feeding operations
24 Other agricultural land
3 Rangeland 31 Herbaceous range land
32 Shrub and brush rangeland
33 Mixed range land
4 Forest land 41 Deciduous forest land
42 Evergreen forest land
43 Mixed forest land
5 Water 51 Streams and canals
52 Lakes
53 Reservoirs
54 Bays and estuaries

6 Wetland 61 Forested wetland

62 Non forested wetland
7 Barren land 71 Dry salt flats

72 Beaches

73 Sandy areas other than beaches
74 Bare exposed rock
75 Strip mines, quarries, and gravel pits
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76 Transitional areas
77 Mixed barren land
8 Tundra 81 Shrub and brush tundra
82 Herbaceous tundra
83 Bare ground tundra
84 Wet tundra
85 Mixed tundra
9 Perennial snow or ice 91 Perennial snowfields
92 Glaciers

The USGS definitions for Level I classes are set forth in the following paragraphs. This
system is intended to account for 100 percent of the earth’s land surface (including inland
water bodies). Each Level II subcategory is explained in Anderson et al. (1976) but is not
detailed here.

TABLE 3.2: Representative Image Interpretation Formats for Various Land Use/Land
Cover Classification Levels

Land Use/Land Cover Representative Format for

Classification Level Image Interpretation

I Low to moderate resolution satellite data (e.g., Landsat
MSS data)

I Small-scale aerial photographs; moderate resolution
satellite data (e.g., Landsat TM data)

I Medium-scale aerial photographs; moderate or high
resolution satellite data (e.g., IKONOS data)

v Large-scale aerial photographs; high resolution satellite

data (e.g., QuickBird data)

Urban or built-up land is composed of areas of intensive use with much of the land covered
by structures. Included in this category are cities; towns; villages; strip developments along
highways; transportation, power, and communication facilities; and areas such as those
occupied by mills, shopping centers, industrial and commercial complexes, and institutions
that may, in some instances, be isolated from urban areas. This category takes precedence
over others when the criteria for more than one category are met. For example, residential
areas that have sufficient tree cover to meet forest land criteria should be placed in the urban
or built-up land category.

Agricultural land may be broadly defined as land used primarily for production of food and
fiber. The category includes the following uses: cropland and pasture, orchards, groves and
vineyards, nurseries and ornamental horticultural areas, and confined feeding operations.
Where farming activities are limited by soil wetness, the exact boundary may be difficult to
locate and agricultural land may grade into wetland. When wetlands are drained for
agricultural purposes, they are included in the agricultural land category. When such drainage
enterprises fall into disuse and if wetland vegetation is re established, the land reverts to the
wetland category.
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Rangeland historically has been defined as land where the potential natural vegetation is
predominantly grasses, grass like plants, forbs, or shrubs and where natural grazing was an
important influence in its pre-settlement state. Under this traditional definition, most of the
rangelands in the United States are in the western range, the area to the west of an irregular
north-south line that cuts through the Dakotas, Nebraska, Kansas, Oklahoma, and Texas.
Range lands also are found in additional regions, such as the Flint Hills (eastern Te Kansas),
the south eastern states, and Alaska. The historical connotation of rangeland is expanded in
the USGS classification to include those areas in the eastern states called brushlands.

Forest land represents areas that have a tree-crown areal density (crown closure percentage)
of 10 percent or more, are stocked with trees capable of producing timber or other wood
products, and exert an influence on the cli mate or water regime. Lands from which trees
have been removed to less than 10 percent crown closure but that have not been developed
for other uses are also included. For example, lands on which there are rotation cycles of
clear cutting and block planting are part of the forest land category. Forest land that is
extensively grazed, as in the south eastern United States, would also be included in this
category because the dominant cover is forest and the dominant activities are forest related.
Areas that meet the criteria for forest land and also urban and built-up land are placed in the
latter category. Forested areas that have wetland characteristics are placed in the wetland
class.

The water category includes streams, canals, lakes, reservoirs, bays, and estuaries.

The wetland category designates those areas where the water table is at, near, or above the
land surface for a significant part of most years. The hydro logic regime is such that aquatic
or hydrophytic vegetation is usually established, although alluvial and tidal flats may be non-
vegetated. Examples of wetlands include marshes, mudflats, and swamps situated on the
shallow mar gins of bays, lakes, ponds, streams, and artificial impoundments such as
reservoirs. Included are wet meadows or perched bogs in high mountain valleys and
seasonally wet or flooded basins, playas, or potholes with no surface water outflow. Shallow
water areas where aquatic vegetation is submerged are classified as water and are not
included in the wetland category. Areas in which soil wetness or flooding is so short-lived
that no typical wetland vegetation is developed belong in other categories. Cultivated
wetlands such as the flooded fields associated with rice production and developed cranberry
bogs are classified as agricultural land. Uncultivated wetlands from which wild rice, cattails,
and so forth are harvested are retained in the wetland category, as are wetlands grazed by
livestock. Wetland areas drained for any purpose belong to the other land use/land cover
categories such as urban or built-up land, agricultural land, rangeland, or forest land. If the
drainage is discontinued and wetland conditions resume, the classification will revert to
wetland. Wetlands managed for wildlife purposes are properly classified as wetland.

Barren land is land of limited ability to support life and in which less than one-third of the
area has vegetation or other cover. This category includes such areas as dry salt flats,
beaches, bare exposed rock, strip mines, quarries, and gravel pits. Wet, non-vegetated barren
lands are included in the wetland category. Agricultural land temporarily without vegetative
cover because of cropping season or tillage practices is considered agricultural land. Areas of
intensively managed forest land that have clear-cut blocks evident are classified as forest
land.
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Tundra is the term applied to the treeless regions beyond the geographic limit of the boreal
forest and above the altitudinal limit of trees in high mountain ranges. In North America,
tundra occurs primarily in Alaska and northern Canada and in isolated areas of the high
mountain ranges.

Perennial snow or ice areas occur because of a combination of environ mental factors that
cause these features to survive the summer melting season. In so doing, they persist as
relatively permanent features on the landscape.

As noted above, some parcels of land could be placed into more than one category, and
specific definitions are necessary to explain the classification priorities. This comes about
because the USGS land use/land cover classification system contains a mixture of land
activity, land cover, and land condition attributes.

Several land use/land cover mapping efforts that have been undertaken in the United States
and elsewhere use the USGS land use/land cover classification system, or variations thereof.
The Multi-Resolution Land Characteristics (MRLC) Consortium is a group of federal
agencies that first joined together in 1993 to purchase Landsat-5 imagery for the
conterminous United States and to develop a land cover dataset called the National Land
Cover Dataset (NLCD 1992). In 1999, a second generation MRLC consortium was formed to
purchase three dates of Landsat-7 imagery for the entire United States and to coordinate the
production of a comprehensive land cover database for the nation called the National Land
Cover Database (NLCD 2001). The MRLC consortium is specifically designed to meet the
current needs of federal agencies for nationally consistent satellite remote sensing and land
cover data. However, the consortium also provides imagery and land cover data as public
domain information, all of which can be accessed through the MRLC website (see Appendix
B). Federal agencies included in the MRLC are the United States Geologic Survey,
Environmental Protection Agency, Forest Service, National Oceanic and Atmospheric
Administration, National Aeronautics and Space Administration, National Park Ser vice,
Natural Resources Conservation Service, Bureau of Land Management, Fish and Wildlife
Service, and Office of Surface Mining.

FORESTRY AND REMOTE SENSING APPLICATIONS

Forestry is concerned with the management of forests for wood, forage, water, wildlife, and
recreation. Because the principal raw product from forests is wood, forestry is especially
concerned with timber management, maintenance and improvement of existing forest stands,
and fire control. Forests of one type or another cover nearly a third of the world’s land area.
They are distributed unevenly and their resource value varies widely.

Visual image interpretation provides a feasible means of monitoring many of the world’s
forest conditions. We will be concerned principally with the application of visual image
interpretation to tree species identification. studying harvested areas, timber cruising, and the
assessment of disease and insect infestations.

The visual image interpretation process for tree species identification is generally more
complex than for agricultural crop identification. A given area of forest land is often occupied
by a complex mixture of many tree species, as contrasted with agricultural land where large,
relatively uniform fields typically are encountered. Also, foresters may be interested in the
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species composition of the “forest understory,” which is often blocked from view on aerial
and satellite images by the crowns of the large trees.

Tree species can be identified on aerial and satellite images through the process of
elimination. The first step is to eliminate those species whose presence in an area is
impossible or improbable because of location, physiography, or climate. The second step is to
establish which groups of species do occur in the area, based on a knowledge of the common
species associations and their requirements. The final stage is the identification of individual
tree species using basic image interpretation principles.

The image characteristics of shape, size, pattern, shadow, tone, and texture, as described in
Section, are used by interpreters in tree species identification. Individual tree species have
their own characteristic crown shape and size. As illustrated in Figures 3.4 and 3.5, some
species have rounded crowns, some have cone-shaped crowns, and some have star-shaped
crowns. Variations of these basic crown shapes also occur. In dense stands, the arrangement
of tree crowns produces a pattern that is distinct for many species. When trees are isolated,
shadows often provide a profile image of trees that is useful in species identification. Toward
the edges of aerial images, relief displacement can afford somewhat of a profile view of trees.
Image tone depends on many factors, and it is not generally possible to correlate absolute
tonal values with individual tree species. Relative tones on a single image, or a group of
images, may be of great value in delineating adjacent stands of different species. Variations
in crown texture are important in species identification. Some species have a tufted
appearance, others appear smooth, and still others look billowy

T4

White pine Red pine White spruce Jack pine Black spruce Eastern
hemlock

4,

Balsam fir Eastern white White birch
cedar (old) (young)

Aspen

Silver maple Yellow birch

Beech Oak Balsam poplar Ash

Figure 3.4: Forest cover Mapping in Remote Sensing through Tree shape
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Figure 3.5: Major Structural Characteristics of Forest Canopy
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Figure 3.6, illustrates how the above-described image characteristics can be used to identify
tree species. A pure stand of black spruce (outlined area) surrounded by aspen is shown in
Figure 3.6. Black spruce are coniferous trees with very slender crowns and pointed tops. In
pure stands, the canopy is regular in pattern and the tree height is even or changes gradually
with the quality of the site. The crown texture of dense black spruce stands is carpet like in
appearance. In contrast, aspen are deciduous trees with rounded crowns that are more widely
spaced and more variable in size and density than the spruce trees. The striking difference in
image texture between black spruce and aspen is apparent in Figure 3.6.

Figure 3.6: Different Image Texture of Various Variety of Tres Species

The process of tree species identification using visual image interpretation is not as simple as
might be implied by the straightforward examples shown in these figures. Naturally, the
process is easiest to accomplish when dealing with pure, even-aged stands. Under other
conditions, species identification can be as much of an art as a science. Identification of tree
species has, however, been very successful when practiced by skilled, experienced
interpreters. Field visitation is virtually always used to aid the interpreter in the type map
compilation process. The extent to which tree species can be recognized on aerial
photographs is largely determined by the scale and quality of the images, as well as the
variety and arrangement of species on the image. The characteristics of tree form, such as
crown shape and branching habit, are heavily used for identification on large-scale images.
The interpretability of these characteristics becomes progressively less as the scale is
decreased. Eventually, the characteristics of individual trees become so indistinct that they
are replaced by overall stand characteristics in terms of image tone, texture, and shadow
pattern. On images at extremely large scales (such as 1:600), most species can be recognized
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almost entirely by their morphological characteristics. At this scale, twig structure, leaf
arrangement, and crown shape are important clues to species re cognition. At scales of 1:2400
to 1:3000, small and medium branches are still visible and individual crowns can be clearly
distinguished. At i: 8000, individual trees can still be separated, except when growing in
dense stands, but it is not always possible to describe crown shape. At 1:15,840 (Figure 3.6),
crown shape can still be determined from tree shadows for large trees growing in the open. At
scales smalle