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Abstract 

The estimation of the forest biophysical attribute is of great 

importance now a days because the forest plays a significant 

role in the global climate change and the ecosystem dynamics. 

Numerous approaches and data sources have been used to 

estimate the biophysical parameters. In this paper, an attempt 

has been made to review the role of optical remote sensing for 

biophysical characterisation in forests. The applications of 

multispectral as well as the hyperspectral imagery in forestry is 

pointed out. The given review elucidates different methods of 

conventional forest mensuration and a clear detailed 

description about the advantages and limitations of the 

conventional techniques. It was clear from the review that the 

limitations of the conventional techniques lead to the 

development of most advanced technologies including 

photogrammetry, remote sensing, active remote sensing 

systems etc. The integration of the advanced technologies along 

with conventional field measurements can also be used for the 

accurate and effective measurement of the forest parameters. 

The limitations of optical remote sensing in the estimation of 

forest structural parameters lead to the advancement of active 

remote sensing forest mensuration. The need for the active 

remote sensing is also demonstrated in the review. 

Keywords: Remote Sensing, Multispectral Remote sensing, 

Biophysical parameters, Hyperspectral imagery. 

 

1. INTRODUCTION  

Biophysical parameters play an important role in determining 

the condition, characteristics, and classification of the forest 

resources. In the case of researches related to ecology and for 

the effective forest management, accurate information on the 

biochemical, physiological and the forest structural parameters 

are very substantial. Acquisition of biophysical parameters for 

forest management, inventory, biophysical modelling, and 

habitat analysis is a matter of concern in the forest researches. 

The quantification, mapping, monitoring and the estimation of 

forest parameters are now central issues due to the importance 

of forest conservation and the biomass is a renewable energy 

source in many countries of the world. The estimation of forest 

parameters is a challenging task, especially in areas with 

complex stands and varying environmental conditions which 

requires accurate and consistent measurement methods. For 

conserving the forest resources and utilizing them effectively, 

it is vital to have detailed knowledge of its distribution, 

abundance, and quality.   

 

1.1 Conventional methods for biophysical parameter 

estimation 

The measurements of trees and forests are essential for the 

effective utilization of the forest resources as well for 

understanding the development and growth of the forests. Lot 

of traditional methods are used for estimating the forest 

parameters including canopy height, diameter, biomass, 

canopy etc. For measuring canopy heights, laser range finders. 

Clinometer. Measuring tapes, poles, simple distance prisms etc 

are usually used [1], [2], [3]. These methods require skilled, 

motivated and experienced men for the accurate measurements 

and also many a times the underestimation and over estimation 

of tree heights occur in most cases [4]. Traditional methods of 

forest parameter estimation are effective in case of local forest 

area but cannot be applied in large scale forest inventory which 

require periodic update of the forest data. They are too 

expensive, time consuming and cannot cover the entire and 

remote forest.   

For measuring diameter, instruments like dendrometer [5], tree 

calipers, tape, Biltimore stick and relaskop are usually used in 

the field but the main concerns are based on the accuracy, 

economy and efficiency [6]. But they showed some statistically 

significant variations in other related parameters including tree 

volume [7], [8]. Forest characteristics and measurement 

distance play a key role in remote diameter measurement 

accuracy [9]. Tree measurements usually involve breaking 

down of individual trees into various classes of material and the 

development of giant tree table [10]. West incorporated the 

basic measurements in forests including the various parameters 

of forestry and the factors which influence the parameters in the 

forest, the interdependence of those parameters and also the 

basic techniques which were used in the forest measurements 

in the past [11]. By using cross sectional photogrammetric and 

densitometric methods, canopy profiles can be estimated [12]. 

An insight of the technologies to be developed for the 

betterment of the forest mensuration, the limitations of the 

conventional methods of forest mensuration and the need for 

proper integration of traditional measurement methods with 

current technologies were well incorporated by [13]. 
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In some studies, field methods for sampling tree heights for 

tropical forest biomass by testing different strategies of 

sampling trees top, produces locally derived models [14]. 

Growing stock variation in pure coniferous forest types of 

Garhwal Himalaya of Uttarakhand using growing stock 

estimation method provide valuable information about stand 

biomass and carbon flux [15].Biomass can be estimated by 

means of direct methods which involves the harvesting of all 

the trees and measurements of the weight of the trees [16], [17], 

[18],[19], [20], [21], [22], [23], [24] but it is time consuming, 

destructive and costly. Biomass estimation can also be done by 

non-destructive methods but requires the trees to be harvested 

and weighted [25] Non-destructive method including climbing 

the tree and also by allometric equation [26], [27], [28] requires 

lot of manual work and are time consuming. Thus, the 

conventional methods have proved that they are 

environmentally unfriendly and time consuming in most cases 

of forest parameter estimation.  

 

2. REMOTE SENSING TECHNOLOGY FOR THE 

BIOPHYSICAL PARAMETER ESTIMATION  

2.1 What is remote Sensing? 

Remote Sensing is the science and art of obtaining physical 

characteristics of an object, area or phenomenon through the 

analysis of data acquired by a device that is not in contact with 

the object by measuring the reflected and emitted radiations at 

a distance from the targeted area [29] Remote sensing 

technique provide images of the earth surface in various 

wavelength region of the electromagnetic spectrum. 

Characteristics of the remote sensing image depends on the 

region of wave length it represents in the electromagnetic 

spectrum. Remote sensing is the measurement of 

electromagnetic radiations reflected or emitted from an object 

[30], [31]. 

Objects emits or reflects different amounts of energy in various 

bands of the electromagnetic spectra which depends upon the 

physical, chemical properties of the material, surface 

roughness, angle of incidence, intensity and wavelength of the 

radiations [32]. There are various stages in remote sensing 

(Figure 1) including 

1. Emission of Electromagnetic Radiation 

The first requirement of remote sensing is the energy source to 

illuminate the target and the energy is in the form of 

electromagnetic radiation which has two characteristics 

wavelength and frequency which are related by the general 

equation c=ν λ, where c is the velocity of light, ν is the 

frequency and λ is the wavelength of the electromagnetic 

radiation. In remote sensing, electromagnetic waves are divided 

based on their wavelength location within the electromagnetic 

spectrum. Most common remote sensing systems operate in the 

visible, Infrared or microwave portions of the electromagnetic 

spectrum [29]. 

Sun is the most common source of remote sensing, and the 

remote sensing systems that measure the naturally available 

energy are called passive sensors. Active sensors provide their 

own source of illumination and therefore is independent on 

time, day or season. 

2. Transmission of energy from the source to surface of 

the earth as well as the energy      interactions in the 

atmosphere 

The radiations interact with the atmosphere before reaching the 

surface of the earth, which have profound effect on the intensity 

and spectral composition of radiation due to the atmospheric 

scattering and absorption phenomena. Scattering occurs due to 

the unpredictable diffusion of radiation by particles present in 

the atmosphere as the electromagnetic radiation is transmitted. 

The three types of scattering usually occur are Rayleigh 

scattering, Mie scattering and nonselective scattering. 

Atmospheric absorption causes the molecules in the 

atmosphere to absorb energy at various wavelengths results in 

the effective loss of energy to atmospheric constituents and the 

most common absorbers of solar radiation are ozone, carbon 

dioxide and water vapour. Certain wavelengths in which the 

atmosphere is particularly transmissive of energy are referred 

to as atmospheric windows. 

3. Interaction of Electromagnetic radiation with the 

earth’s surface including reflectance and 

transmittance. 

When electromagnetic energy is incident on earth surface 

feature, it undergoes reflection, absorption and transmission. 

Most of the remote sensing systems operate in the wavelength 

in which the reflected energy predominates.  The reflectance 

characteristics of surface features depends on the incident 

energy that is reflected. Which is measured as the function of 

wavelength and is called spectral reflectance curve.  Spectral 

reflectance curve gives an idea of the spectral characteristics of 

an object and the earth surface features can be studied based on 

the spectral characteristics. 

4. Transmission of energy from the object to the sensor 

Sensor which is highly sensitive to all wavelengths collected 

the electromagnetic energy that has been emitted or reflected 

from the target.  Remote sensing platforms commonly used are 

ground level remote sensing, aerial remote sensing, space borne 

remote sensing which may consists of stepladders helicopters, 

conventional aircraft, uninhabited aerial vehicles and satellites. 

5. Data processing and supply system 

The data obtained from the sensors is processed into an 

interpretable format with the help of additional reference data 

to extract information about the target. Distribution of data after 

the collection may vary, some sources provide the data within 

24 hours of the image acquisition. 

6. Analysis of data by different users 

Data will be provided to the multiple users for the interpretation 

of the information available in the data at a faster rate and with 

less expense for various decision-making processes and further 

implementations. Thus, remote sensing has become an essential 

tool in many interdisciplinary aspects of science and various 

other fields. 
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Figure 1: Stages in Remote Sensing 

 

2.2 Types of remote sensing  

Based on the source of energy, remote sensing systems are 

classified into passive remote sensing systems and active 

remote sensing systems. Passive systems measure naturally 

available energy from Sun and can only takes place in the 

presence of sunlight. The active systems provide their own 

source of energy and can measure energy irrespective of time 

day or season [33].  

Several remote sensing satellites are currently available in 

which they are classified based on the wavelength bands, 

spatial resolution, coverage etc. In terms of spatial resolution, 

the remote sensing systems are classified into low resolution 

systems, medium resolution systems and high-resolution 

systems, and in terms of the spectral regions used in the data 

acquisition, they are classified into optical imaging systems, 

thermal imaging systems and Synthetic aperture radar. The 

range of electromagnetic spectrum in which the optical remote 

sensing systems operates are visible, infrared, near infrared, 

middle infrared, and short infrared regions. Optical remote 

sensing systems are classified into panchromatic imaging 

systems in which the sensor is a single channel detector 

(IKNOS PAN), multispectral imaging systems (Landsat TM, 

SPOT etc) and hyperspectral imaging systems (AVIRIS, 

Hyperion). Active remote sensing systems include radar and 

Light detection and ranging- LiDAR. 

 

2.3 Advantages of remote sensing 

Remote sensing has various advantages including large area 

coverage, repetitive coverage and easy collection of data over 

a variety of scale and resolutions. A single remote sensing 

image can be utilised for unlimited number of applications and 

can be easily processed and analysed by computer software. 

The data can overcome the limitations in the case of 

conventional field methods. Identification and location of 

floods and fire over large area, availability of colour composite 

maps are other advantages. Images can be archived or reused 

to check the repeatability of a method, rapidly increasing 

sophistication of satellites, availability of unlimited number of 

sample points and variety of complementary sensors are other 

important advantages. Some of the other benefits are the good 

archive of historical data, cost effective and map accurate data 

and remote sensing technology enable to combine the satellite 

images with other digital data as well as stereo viewing. 

 

2.4 Applications of remote sensing 

Following are some of the major area in which remote sensing 

is useful 

Forestry and ecosystem 

 Density mapping  

 Forest cover mapping 

 Species identification 
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 Biophysical parameter estimation 

 Carbon budget estimation 

 Forest fire mapping 

Land use land cover mapping 

Remote sensing can be used to estimate up to date land cover 

maps and patterns so as to enable the regional planners and 

administrators to frame policy matters. It can also be used for 

wildlife protection, natural resource management and study 

related to land encroachment. 

Agriculture 

The application of remote sensing in agriculture are varied 

including crop assessment, crop type classification, precision 

farming, crop condition assessment, yield estimation etc. 

Geologic and Soil mapping 

Satellite images have the advantage of large area synoptic 

coverage to examine geological portrayal of earth on regional 

basis. Exploration of minerals and energy sources on an 

extensive scale is possible. Mapping of morphological features 

like streams, mountain ranges, lineaments, lithological 

mapping etc can also be done. Soil mapping, moisture 

assessment, wetland mapping, sedimentation mapping, 

collection of soil information and interpretation of soil is 

possible with the remote sensing system. 

Hydrology 

Application of remote sensing in hydrology includes water 

pollution detection, lake eutrophication assessment, flood 

damage estimation, watershed mapping and management, 

ground water targeting etc. 

Urban and regional planning 

For urban planning continuous acquisition of data to formulate 

policies is vital in which remote sensing can play major role by 

estimating population, assisting housing quality studies , traffic 

and parking studies, transportation route location, power plant 

siting, commercial site selection, transmission line location , 

urban change detection etc. 

Ocean applications 

Ocean applications of remote sensing include water quality 

monitoring, navigation routing, costal vegetation mapping, oil 

spill assessment, storm forecasting etc. 

The other major application of remote sensing includes natural 

disaster assessment, archaeological applications, 

environmental assessment, wild life ecology assessment etc 

 

3. OPTICAL REMOTE SENSING IN FORESTRY 

APPLICATIONS 

In the case of forestry, the strategic and operational planning is 

required for obtaining information of forest resources and 

management practices. Traditional forest inventories which can 

extent only to some limited spatial coverage are designed to 

obtain information associated with timber harvesting and 

restricted only to few locations [34] But the accuracy and 

consistency of the measurements and interpretations along with 

the high cost by the traditional field inventories are a common 

challenge [35]. In order to characterise the quality and quantity 

of forests including stand structure, productivity and 

composition of the forest ecosystem, consistent and enhanced 

information is vital. This is also necessary for developing and 

improving the management strategies related to biodiversity, 

forest health and biophysical parameter estimations [34], [36]. 

The role of remote sensing technologies is significantly 

increasing in the case of forest inventories and practices since 

they can provide enhanced information directly or indirectly as 

well as collecting forest resource information with high spatial 

accuracy which can enable tactical, strategic and operational 

forest planning and management [34] [37].  

Remote sensing technology can offer data sets which are less 

expensive compared to traditional methods and provides a 

direct means of understanding and analysing the forest 

conditions globally through so many applications including 

tree species identification, studying harvested areas, timber 

cruising and assessing forest health conditions [29]. Remote 

sensing images on classification analysis of spectral response 

patterns can give information of forest and enable the 

estimation of forest structural variable, and therefore remote 

sensing can be considered as the essential component, decisive 

tool, and a critical part of the technological approach which is 

vital for satisfying the large and growing requirements of forest 

management [38]. For national forest inventories, remote 

sensing has applications including observation estimation and 

mapping of wide range of forest resource variables [39]. 

Remote sensing of temporal and boreal forests in the visible 

and near infrared regions for about 25 years of satellite remote 

sensing research are well incorporated in [40]. Infrared imagery 

showed to the best technique for forest studies particularly for 

inventories, management, monitoring and detection [41]. 

Remote sensing technology can address the needs including 

prediction, identification of biophysical characteristics of 

species, habitats, species richness as well as distribution [42]. 

Remote sensing on integration with artificial neural networks 

was utilized for mapping tropical forest structure in South 

Eastern Madagascar [43]. Linear regression models from 

hyperspectral remote sensing named HyMap imaging 

spectrometer estimated leaf area index and crown volume with 

good accuracy [44]. 

Spatial extent of forest cover, forest type and the biophysical 

and chemical properties of forest can be assessed by remote 

sensing [45]. Stand biomass estimation method by canopy 

coverage in arid area of Western Australia by remote sensing 

provided considerable accuracy [46]. Several studies were 

there which reveals the potential of remote sensing to assess 

characteristics of active fires, ecological responses of fire, 

effects on ecology after fire etc [47], [48], [49], [50], [51]. 

Remote sensing can estimate the above ground biomass (AGB) 

with high accuracy and low cost [52], [53], [54]. Remote 

sensing methods can effectively be used to estimate the forest 

parameters, compared to the conventional techniques [55], 

[56], [57]. The remote sensing techniques can be successfully 

used for the retrieval of structural parameters for a wide range 

of analysis [58], [29]. The forest dynamics in Eastern Ghats of 

Tamilnadu between 1990 and 2003 were assessed using TM, 

IRS, LISS III and the trends and the basics for further studies 
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were elucidated [59]. The use of remote sensing as an 

alternative tool to ground based surveys ensures the 

sustainability of forest ecosystem. Advanced remote sensing 

technologies and their applications in forestry are mentioned in 

the following sections. 

 

3.1   Application of multispectral imagery  

Optical remote sensing technologies can successfully measure 

the horizontal distribution of forests [60], [61]. Multispectral 

remote sensing has been  explored extensively for biophysical 

characteristaion of forests  across various sites [61], [62]. 

Moderate resolution multispectral remote sensing data such as 

Landsat ETM+, Landsat 8OLI has been extensively used for 

measuring the horizontal structure and distribution of forest 

canopies, stress, forest community delineation and biomass 

[63], [64], [65], [58], [29].  Multispectral remote sensing data 

can be used to obtain some biophysical attributes at local to 

global scales. Most of these operational  products  use data from 

coarse resolution satellite such as MODIS, AVHRR, SPOT 

Vegetation which provide standard products available at 

various scales on daily, weekly or monthly basis. Multispectral 

remote sensing has been explored and successfully applied in 

large forests area. Several studies showed that multispectral 

data can be used to obtain relevant biophysical attributes. 

Landsat 8OLI can provide opportunities for analysing the 

contribution of forest ecosystem to carbon cycle by the 

estimation of above ground biomass (AGB) [63]. Optical 

remote sensing technologies have extensive application in the 

extraction of the horizontal parameters of forest with high 

spatial resolution.  

Passive Remote Sensing in data are based on different 

resolutions and certain limitations were there, when applied in 

the forestry application based on the spatial resolution [29], 

[66], [61], [67]. Multispectral and hyperspectral sensors can be 

used in the forestry application. Contextual forest attributes can 

be effectively done based on passive remote sensing Basal area 

and stand density were measured using ANN, K nearest 

neighbour approaches [43], [68]. Leaf Area Index (LAI) was 

found to measure using VI and ASTER data and the same can 

be utilized for the estimation of tree biomass [69], [70]. 

Empirical modelling varies between sites and species and 

therefore could not be applied on a specific site [71], [52]. LAI 

determined by methods like root mean square and stand error, 

bi variation regression analysis correlation, SR and NDVI, 

multiple regression, least square regression, but were found to 

be site specific [72], [73], [74], [75], [76]. Timber volume were 

estimated using KNN methods [77], [78]. Bio struct model 

were used for the estimation of volume and biomass. For the 

estimation of the above ground biomass, some of the common 

methods used included multiple regression, ANN, regression 

succession forest method, Mature forests [52], [53], [54], but it 

was found to site specific. Tree level structural characteristics 

were found to be measured using high spatial resolution 

satellite images. 

Remote sensing methodology focussed on the contextual forest 

attributes as well as location based attributes, but the limiting 

factors include the saturation of satellite signals in mature 

forests, cost etc [60]. Passive optical sensors have limitations 

in operational forest inventory [79], [80], [81]. Ecosynth 

methodology as a new aerial remote sensing system, enabling 

routine and inexpensive aerial 3D measurements of canopy 

structure and spectral attributes. The ability to observe canopy 

phenology in 3D at high temporal resolution represents a 

breakthrough in forest ecology [82]. 

Landsat imagery were widely uded in estimating timber 

volume, assessing forest wildlife habitat, successional stage, 

rare and endangered spceies and characterisstics of species 

[83], [84]. High resolution multispectral sensors like 

Quickbird, IKNOS and SPOT 5 allow a more detailed 

geometrical analysis of the forest parameters [85], [86]. It is 

possible to map forest health using spectral and textural 

information extracted from SPOT-5 satellite images [87]. 

 

3.2 Application of hyperspectral imagery 

To understand the changes in the conditions and amount of 

vegetation, remote sensing imageries from airborne and space 

borne sensors can play a significant contribution [88]. 

Hyperspectral data which have abundant spectral content have 

potential to measure the complex forest ecosystems and 

identification of individual tree species along with fine spectral 

and spatial details [89], [90]. Several studies have been reported 

the application of hyperspectral imagery in forestry [12]. 

Optical indices which are sensitive to both chlorophyll content 

and canopy structure are useful in understanding whether the 

forests are healthy or stressed, forest decline, for modelling 

forest nitrogen content, leaf economic spectrum and leaf 

development [91], [92], [93], [94]. Hyperspectral remote 

sensing can acquire very narrow typically 200 or more bands 

thus obtaining contiguous reflectance bands for every pixel in 

the scene [95] thereby enabling in depth analysis of the forest 

species. Hyperspectral remote sensing can offer enhanced 

spectral information which can be utilized for analysing the 

forest health conditions, forest fire etc to a great extent. 

 

4. DISCUSSION 

Forest measurements using field survey techniques are found 

to be time consuming and require huge manual effort, making 

it often impractical and unaffordable in national levels of forest 

monitoring. In the case of forest inventory and forest tree 

species classification, the application of remote sensing is 

constantly increasing because of the enormous availability of 

airborne, hyperspectral and space borne data [96]. Optical 

remote sensing techniques, which involves the combination of 

spatial and spectral information extraction technology offers 

accurate estimates of forest inventory and biophysical 

parameters including monitoring Above Ground 

Biomass(AGB) [61], [97], [98],  [52], [99], [100] [101], [102], 

[103], [104], [105], [106], [107], [108], [109]. Even though the 

optical remote sensing technologies have extensive application 

in the extraction of the horizontal parameters of forest with high 

spatial resolution, they are not able to obtain the vertical 

structure and distribution of the forests [110],  [53],  [111],  

[112]. 
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In forest studies, passive and active optical systems failed to 

estimate the above-ground biomass and leaf area index (LAI) 

of high biomass ecosystems and could not provide three-

dimensional pattern of vegetation. It was found that the 

sensitivity and accuracy of the optical sensors decreased with 

increasing leaf area index and above ground biomass [113], 

[72], [114]. Light Detection and Ranging (LiDAR), an active 

remote sensing system evolved as a promising technology 

offering advantage over other remote sensing technologies with 

its unique measurement capability of three-dimensional 

structures of forests including horizontal as well as vertical 

forest distribution and can also give direct measurements of 

individual trees and stands.  Integration of ecological research 

with LiDAR remote sensing reduces the time and effort 

associated with the measurement of canopy structure, 

biophysical attributes and thus makes the modelling of global 

carbon dynamics more effective which are highly important for 

the ecologists [115], [116], [117], [118], [119], [120]. It is 

evident from several studies that LIDAR can estimate the 

structural parameters of forests with high accuracy. 

The relevance of the three dimensional structure of forest 

canopies and hence the need for the advanced technologies for 

obtaining the detailed spatial information is increasing. We 

must concentrate on data acquisition of the forest biophysical 

parameters with consistency, accuracy and cost effectively. It 

is possible to effectively characterize the structure of forest 

stands faster and more precisely through the advent of 

advanced remote sensing technologies. Now, algorithms and 

programmes are needed to extract suitable parameters of forests 

from the satellite imageries as well as other remote sensing 

methods. Even though there are several studies for estimation 

of biophysical parameters, development of further 

sophisticated technologies and methods for quantifying the 

parameters more accurately is substantially desirable. The 

remote sensing method can monitor forests at different 

temporal, spatial and spectral resolutions and can be effectively 

used in large and remote forest region which lacks forest 

inventory procedures [101] 

Review shows that the conventional field methods are 

inadequate for the parameter extraction since they are time 

consuming, less accurate and extensive manual work is needed. 

The review emphasises the requirement of advanced 

technologies for the extraction of parameters. Remote sensing 

technologies can meet the requirements and overcome the 

limitations of the conventional methods. But it was also found 

that optical and passive remote sensing have also limitations. 

Therefore, forest based studies should focus on the parameter 

extraction from active remote sensing data which can estimate 

the functional attributes for different sections of forestry on a 

high spatial resolution and characterise both the vertical and 

horizontal forests distribution accurately. It can also help 

ecologists and forest managers to characterize the structure of 

forest stands and monitor forest health and conditions in a quick 

and precise way. 

 

5. CONCLUSION 

The review clearly gives a small description of the application 

of optical remote sensing for the biophysical characterisation 

of forests. Through optical remote sensing methods, better 

understanding of forest management and modelling of forest 

attributes has become possible, in which the conventional data 

collection techniques have failed.  Hence, remote sensing 

methods can be utilized as a better technology for the 

management of forest ecology in a most accurate and effective 

manner. Optical remote sensing including multispectral and 

hyperspectral imageries is found to have tremendous 

applications in the estimation of forest spectral characteristics 

including biomass, vegetation indices, canopy density etc. 

Traditional field inventory methods and passive remote sensing 

technologies were found to have several limitations in the forest 

structural measurements.  Review clearly elucidates the need 

for active remote sensing technology mainly LiDAR for 

estimation of biophysical characterisation of forests. 
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