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ABSTRACT

Understanding the dynamics of the global carbon cycle is one of the most challenging issues for the scientific
community. The ability to measure the magnitude of terrestrial carbon sinks as well as monitoring the short and long
term changes is vital for environmental decision making. Forests form a significant part of the terrestrial biosystem and
understanding the global carbon cycle, Above Ground Biomass (AGB) and Gross Primary Productivity (GPP) are critical
parameters. Current estimates of AGB and GPP are not adequate to support models of the global carbon cycle and more
accurate estimates would improve predictions of the future and estimates of the likely behaviour of these sinks. Various
vegetation indices have been proposed for the characterisation of forests including canopy height, canopy area,
Normalised Difference Vegetation Index (NDVI) and Photochemical Reflectance Index (PRI). Both NDVI and PRI are
obtained from a measure of reflectivity at specific wavelengths and have been estimated from passive measurements.
The use of multi-spectral LiDAR to measure NDVI and PRI and their vertical distribution within the forest represents a
significant improvement over current techniques. This paper describes an approach to the design of an advanced Multi-
Spectral Canopy LiDAR, using four wavelengths for measuring the vertical profile of the canopy simultaneously. It is
proposed that the instrument be placed on a satellite orbiting the Earth on a sun synchronous polar orbit to provide
samples on a rectangular grid at an approximate separation of 1km with a suitable revisit frequency. The systems
engineering concept design will be presented.

Keywords: Light Detection And Ranging (LiDAR), Photochemical Reflectance Index (PRI), Normalized Difference
Vegetation (NDVI), Canopy, Above Ground Biomass (AGB), Carbon Stock, Gross Primary Productivity (GPP)

1. INTRODUCTION

Planet Earth’s life support system is now under enormous pressure. Human population growth and our contribution to
an enhanced greenhouse effect has meant that the future wellbeing of the human race is linked to the physical systems of
the Earth that produce food, water, drive climate and replenish natural resources. A key component of this system is the
terrestrial biosphere, and especially the world’s forests and woodlands. The forests of the Earth contain a significant
quantity of carbon and are significant sinks of carbon through photosynthesis. The ability to measure the magnitude of
terrestrial carbon sinks as well as monitoring the short and long term changes is vital for environmental decision making.
Understanding the amount of atmospheric CO2 being absorbed and released by terrestrial ecosystems is critical for
climate change research. This paper describes the concept design of an instrument which provides a measurement
capability that can make a significant contribution to the understanding of the global carbon cycle.

A number of parameters are used to understand, model and quantify the behaviour of the terrestrial biosphere in the
global carbon cycle, of which the two most important are Above Ground Biomass (AGB) and Gross Primary Production
(GPP). AGB is an effective measure of the forest biomass and GPP is an effective measure of the rate of photosynthetic
activity.
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From AGB an estimate of the global carbon stock can be derived. Estimates of forest biomass or AGB have frequently
been obtained from a measure of canopy height'?. A species specific algorithm is frequently used to relate canopy
height to biomass.

The Gross Primary Production (GPP) of vegetation, which is the gross uptake of vegetation through photosynthesis, is
defined as the product of the absorbed photosynthetically active radiation (APAR in MJ m™ d™"), which is the absorbed
solar radiation between 400-700 nm wavelength, and photosynthetic light-use efficiency (LUE in g C MJ™)). LUE
represents the actual efficiency with which a plant can use the absorbed radiation energy to produce biomass®. Monteith*
first proposed an approach to relate the fraction of photosynthetically active radiation (fPAR ) to biomass production that
became known as the light use efficiency (LUE) model. The LUE model of gross primary production (GPP in g C m™
d™') is generally given as:

GPP = LUE * APAR
Where APAR is generally given as:
APAR = | PAR * fPAR

Where |PAR is incident photosynthetically active radiation. A wealth of empirical studies®, large field experiments® and
theoretical work’ have demonstrated that the fraction of photosynthetically active radiation (fPAR) is closely related to
the normalised difference of the canopy reflectance in the visible and near infrared regions of the electromagnetic
spectrum, and termed the Normalized Difference Vegetation Index (NDVI1)°. Thus if NDVI can be obtained, fPAR may
be derived. The NDVI is a simple yet powerful index calculated using reflectance bands centered within the red and
NIR regions and calculated as follows:

NDV|=~NR”PRED
PNIRTPRED

Where p denotes reflectance in either the red or near infrared. The direct measurement of LUE, APAR and fPAR is not
possible on a global scale and therefore alternative approaches have been investigated to obtain estimates of GPP.
Research at Edinburgh University has demonstrated the utility of narrow waveband (or ‘hyperspectral’) reflectance
indices for assessing canopy photosynthetic light use efficiency (LUE) of vegetation®°. The biophysical basis of this
approach is well established: when excess light is absorbed by chlorophyll the LUE falls and the relative proportions of a
set of accessory pigments, xanthophylls, change and this causes a measurable change in both LUE and the reflectance at
531nm. This change in reflectance at 531nm can be measured with high resolution spectroradiometry and incorporated
into a spectral index called ‘PRI’ (Photochemical Reflectance Index) thus allowing the remote measurement of LUE over
whole landscapes. The PRI is one of the few spectral indices which has been shown to be a sensitive indicator of
seasonal and diurnal variations in photosynthetic LUE, and its use is therefore particularly attractive in remote
measurement of photosynthesis®®. The relationship between LUE and PRI has been demonstrated in a number of
studies'? as shown by Drolet™®, however, these relationships are species dependent and therefore vegetation species is
required to select the optimum relationship.

The appropriate reflectance index to detect changes in reflectance requires two narrow wavebands, one centered on 531
nm, which is affected by the de-epoxidation of the xanthophyll pigments, and a reference waveband centered on 570 nm,
which remains unaffected by the de-epoxidation reaction **. The Photochemical Reflectance Index (PRI) is expressed as

PRI: PR| =/£531"P570

Ps5317Ps570

Where p refers to the narrow-band reflectance centered on the stated wavelength. It is therefore possible to obtain
estimates of AGB from estimate of canopy height and GPP from estimates of canopy height, NDVI and PRI. Values for
NDVI and PRI may be obtained from measurements of vegetation reflectance at four selected wavelengths 531, 570,
660, and 780 nm.



Obtaining a nearly instantaneous overview of terrestrial AGB, carbon stocks and GPP, has used previous space based
sensors. However, Hyde et al. * reported that passive multispectral and hyperspectral sensors are of limited use especially
in dense forests since they have difficulty penetrating beyond upper canopy layers. Interferometric Synthetic Aperture
radar (INSAR) does not seem to reach the desired accuracy unless a forest is structurally homogenous and has relatively
low biomass. Multispectral and hyperspectral remote sensing have been used to map structural metrics at moderate
resolution and broad scales.

Light Detection And Ranging (LIDAR), on the other hand, is perhaps the most promising remote sensing technology for
estimating biomass since it directly measures vertical forest structure by measuring the distance between the sensor and
the reflecting surface® as well as the reflectance. LiDAR offers 3D information at a high point density and intensity
values at a specific wavelength. LiDAR offers the measurements of these indices coupled with canopy height enabling
the profile of these indices along the canopy to be estimated. What is missing with the current LiDAR technology is the
ability to measure a suite of wavelengths which are sensitive not only to structural elements but also to the spectral
reflectance properties of those elements, which are in turn indicative of physiological changes within the leaves *°. A
concept for a satellite mission based on a multi-spectral LiDAR to determine a global AGB and GPP is discussed and is
presented in this paper.

2. MISSION CONCEPT

Estimates of NDVI and PRI require measurements of vegetation reflectance at four separate wavelengths. Prior to
establishing the mission concept additional requirements must be identified. Changes in forest cover are important and
therefore a suitable revisit frequency is required. Revisiting the same location four times each year is considered
adequate to detect macroscopic changes. Photosynthetic activity varies during the day, and an optimum time for the
observation is between 09.00 and 12.00 local time. The majority of the forest areas of interest are located in the tropics
and a polar orbit is chosen. The requirement to meet an observation time suggests a sun-synchronous orbit. Initial
instrument mass and power estimates result in an orbit altitude of approximately 400km.

A LiDAR operates by sending a short pulse of radiation to illuminate a footprint and detecting the temporal and intensity
profile of the returned scattered radiation. Continuous illumination is not possible. The LiDAR footprint is a
compromise between area coverage and spatial resolution. A footprint diameter of 25 to 30m has been recommended by
other workers to match the size of a typical large tree'®. The accurate location of this footprint on the surface of the Earth
and the ability to accurately place a revisit footprint over a previous footprint is also important. With the typical space
based LiDAR footprint diameter and the limitation on the laser pulse repetition rate, global cover can only be achieved if
sparse sampling is adopted.

As the satellite orbits the Earth, a series of LIDAR measurements are made along the ground track directly below the
satellite. Subsequent ground tracks are displaced as the orbit is sun-synchronous. These two features are described by the
along track spacing of the LIDAR measurements and the across track spacing of the ground tracks. Initial estimates of
the satellite orbit characteristics suggest an altitude of approximately 400km, a ground speed of 7.2km/s and a ground
track separation of 28km with a 30m diameter footprint. To provide a useful ground cover, cross-track scanning is
adopted with a separation between individual footprints of between 1 and 2km. This can be achieved with a repetition
rate of nominally 100Hz. This is shown in Figure 1. Thus a swath of sparse samples can be obtained covering the entire
Earth in approximately 90 days.



The basic mission concept is summarized in Table 1. The allometric relationship relating canopy height to AGB suggest
the canopy height be measured to a resolution of better than 0.5m. This requirement impacts on the LiDAR pulse
duration, the receiver temporal response and the sampling speed and sampling resolution of the digitization.

Table 1. The basic mission concept summary

Parameter Value Comment
Orbit Characteristics 400km altitude, sun-synchronous and Optimum time for measurement of PRI
descending node between 09.00 and
12.00
Revisit Frequency 4 Times per year To ensure detection of changes
Swath Width 28km Determined by revisit frequency
LiDAR Footprint Diameter 30m
Footprint Separation 1km along track and 2km across track Approximately rectangular pattern
LiDAR Measurement Frequency 100Hz Limited by constraints on laser PRF.

A range difference of 0.5m results in a time of flight difference of 3.3ns. The signal detected at the receiver will be
related to the shape of the emitted laser pulse as modified by the canopy. The determination of range is based on
measuring the temporal position of the shape of the emitted and returned signal and this imposes a constraint on the pulse
width. A pulse width of 5ns was used in the system model proposed. As a first step, it has been assumed that a sampling

rate of approximately ten times the pulse width equivalent frequency is used. Thus the digitization should be carried out
at 2GHz.



3. PAYLOAD SYSTEM CONCEPT DESIGN

The Instrument System Model

The basic systems engineering model is described in the diagram in Figure 2. A tailored LiDAR Equation is derived
from the diagram according to a standard approach'!. Although four separate wavelengths are transmitted
simultaneously, the LiDAR Equation is not wavelength specific. When applied to the prediction of the performance of a
particular channel, the parameters appropriate to that wavelength must be used.

The transmitter consists of a laser emitting E joules in a pulse length of T seconds giving E/T watts instantaneous
transmitted power (P;). The laser pulse is transmitted to the target through the atmosphere which has a transmission of
T;. The distance to the target is R. At the target the reflectance is p. The scattered/reflected energy travels back to the
receiver and passes through the atmosphere, where the transmission is T,. The receiver aperture of diameter D collects
the scattered energy and passes it through an optical system with transmission Trx. The returned energy reaches a
detector with sensitivity S. The angle @ is the angle between the vertical and the direction of the incident beam
nominally zero degrees.

R R
Transmitter Target Receiver
Atmosphere Atmosphere
Laser Outbound Returned .
. ) Transmission Transmission Aperture Diameter: D
Energy: E joules - T1 Refl i -T2 Optics Transmission:
Pulse Length: T i eflectivity : Tox

nsec

Detector Sensitivity: S
Power: E/T watts

Figure 2. Schematic of LIDAR Model
Using the LiDAR equation, the detected signal can therefore be expressed as'*:
Detected signal = Py * Ty * p * cos® * (1/R?) * (1/m) * T, * (n * D¥/4) * Tex * S

The LiDAR equation can now be used to estimate the laser pulse output energy required to produce adequate signal to
noise ratio (SNR) and the instrument characteristics can be established. There are limits on the diameter of the receiver
aperture that may be deployed. The current ESA Aeolus Mission has adopted an aperture of 1.5m and this appears a
reasonable initial assumption. We may also assume a value for the sensitivity of the receiver based on currently
available detector technology. This leaves the atmospheric transmission and the interaction with the vegetation as the
remaining variable parameters.

The interaction with vegetation

The interaction of the beam with the vegetation layer is complex and has been simplified for this model.  Several
scenarios have been used to obtain an overall system performance. The performance will depend strongly on the density
profile of the vegetation. The LiDAR footprint may be considered as intersecting a cylinder of vegetation (ignoring the
divergence of the transmit beam over the short distance through the canopy). The altitude resolution of the instrument
may be taken as dividing the cylinder into several layers. Within each layer, the reflectivity is measured at the four
wavelengths. However, as the incident pulse travels into the vegetation, the intensity diminishes due to scattering,
reflection and absorption. In the worse case no laser energy will reach the forest floor.



The first step is to establish a value for the basic reflectance of the vegetation. Various data bases contain reflectivity
values for different examples of vegetation. By considering a range of vegetation spectral signatures from the U.S.
Geological Survey (USGS) library, one can see the typical values of reflectance at the specific required wavelengths of a
range of vegetation. More than 120 vegetations were studied and Figure 3 shows a selection and Aspen_Leaf-B was
selected as a worst case scenario for further system model calculations.
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Figure 3. Typical VVegetations Spectral Signatures

Both NDVI and PRI are estimated from a ratio of reflectance values at specific wavelengths, namely 531nm, 570nm for
PRI and 660nm and 780nm for NDVI. It may be noted that the value of R(780) is relatively high compared to those at
the lower wavelengths and therefore there is a high contrast between R(780) and R(660). However, both R(531) and
R(570) are small and the difference between each is also small. This feature requires the instrument sensitivity to be
much higher in the green spectral region. Measured (USGS) data has been used to calculate typical values for NDVI and
PRI for a range of vegetation types and surfaces. The data suggests it is possible to discriminate between vegetation and
non-vegetation. In the system model calculations of the worst case scenario, Aspin_Leaf B, highlighted with a black
dotted line in Figure 3 is used with reflectivities of 0.06761, 0.06128, 0.03259, and 0.475 respectively for 531, 570, 660,
and 780nm.

The Atmosphere

The atmosphere will degrade the transmitted beam and the reflected beam through absorption, scattering and bending.
The atmosphere will also add the equivalent of noise through scattering of other sources of illumination into the return
beam. The atmosphere will also affect the beam direction causing errors in the knowledge of the ground footprint
position. The atmosphere may also modify the shape and divergence of the transmitted and reflected pulse. These effects
are different at the four wavelengths. To estimate transmission, a MODTRAN Atmospheric Model for tropical forest
scenario was used based on a sensor altitude of 400km. The transmittance values of the atmosphere at the four
wavelengths 531, 570, 660, and 780 nm were calculated are 0.5973, 0.6159, 0.6897, and 0.7539 respectively. These
values have been used in the systems modeling. However, it is important to have transmittance values for each LiDAR
shot and therefore an on-board means of measuring transmittance is essential.



Laser Pulse Energy

In the measurement of reflectivity the performance is determined by the trade-off between the laser energy and the SNR
of the receiver output. The basic constraints of the geometry, the vegetation reflectance values and the transmission of
the atmosphere have been defined. By means of the LIiDAR equation, the minimum required laser pulse energy may be
calculated that will result in an adequate (SNR) for the mission.

In the basic trade-off between SNR and laser energy, it is assumed that the vegetation comprises a single uniform layer at
the same level as the mean canopy height. This is expected to be relevant to the situation of a 100% canopy cover which
may exist in some northern hemisphere conifer plantations and also in certain tropical rain forests. A number of
additional scenarios must be considered when examining the trade-off between laser energy and SNR. Where the cover
is not continuous, part of the incident energy will be reflected and part will pass through the first canopy layer to be
reflected from the next level within the canopy. As the canopy cover decreases, the signal from the canopy reduces until
the noise is dominant. This can only be compensated for by increasing the laser pulse energy. In the first scenario, it is
assumed that the canopy cover is 100% and all the incident laser energy is reflected by the canopy. In the second
scenario it is assumed that the canopy cover is 50% and only half of the incident laser energy is reflected by the canopy.
In the third scenario, the assumption is made that the canopy intercepts 80% of the footprint and the remaining 20%
passes through the canopy and is reflected from the ground. The return from the ground now drives the requirement on
the laser energy.

The system model performance was calculated using values previously discussed for reflectance, atmospheric
transmittance together with mission characteristics. A value for the receiver sensitivity has been assumed based on the
current state-of-the-art receiver modules. The value of SNR was plotted against a range of laser energies for each of the
four wavelengths, the case of 100% canopy cover is shown in Figure 4. Based on previous instruments, a value of
SNR>20 was assumed to be sufficient as a minimum required. This is shown in Figure 4 as a horizontal dotted line.
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Figure 4. System Model Performance
An analysis for the worst case scenario suggests that the laser output energies required are as shown in Table 3.
Table 3. Laser Energies required for worst case scenario
Wavelength 531nm 570nm | 660nm | 780nm
Pulse Energy 44mJ 44mJ 70mJ 27mJ




4. INSTRUMENT CONCEPT DESIGN

The instrument concept is based on a four wavelength laser and a large aperture receiver combined with a small angle
scanner. The four wavelength laser is a key component and can be derived from a single wavelength laser source by
means of frequency conversion. In this way timing coincident emission can be maintained. A solution is shown in
Figure 5 where a laser power head is assumed providing a single wavelength input to a frequency conversion unit which
uses a combination of techniques to produce the required four wavelengths. These four wavelengths are produced
simultaneously and are passed through the scanner to the transmit telescope. The returned radiation is captured by the
receiver telescope and passed through the scanner to the beam separation unit where it is separated into the four
wavelengths and then conducted to four separate detectors. The use of a common scanner ensures that the optical
alignment of the transmitter and the receiver beams is controlled accurately. Receiver and transmitter optics are chosen
to provide the required footprint. The instrument configuration is dominated by the optical layout. A large receiver
aperture of 1.5m is required to obtain a good SNR in the receiver channels. The scanning mechanism is necessary to
achieve cross-track cover. To ensure the alignment between the Transmitter and Receiver paths, the scanner is inserted
into both channels and subsequent optics ensures the magnification is appropriate.

Two cameras are provided for high spatial resolution of the area of observation. The instrument is integrated with a
space vehicle which provides power, orbit control and data communication and down-link.
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Figure 5. The instrument design concept
Optics Configuration

Adopting a bi-static configuration means that special attention must be paid to the alignment of the receiver to the
transmitted laser beam. In a co-axial configuration the majority of the optical components are either common to both
channels or share a common mounting structure. These advantages are reduced for the bi-static configuration. The



preferred option will be to build an opto-mechanical system, which is rigid enough to ensure that alignment is
maintained following launch and throughout the life of the instrument. Should this not be possible then an active
alignment system will be required.

Transmitter
The laser source produces a pulse comprising four separate wavelengths with the energies shown in Table 3.

A great deal of effort has already been invested in the development of pulsed lasers for space deployment. This has
resulted in Nd:YAG becoming a common starting point for the majority of space instruments. The basic output is at a
wavelength of 1064nm and techniques have been developed for frequency conversion or wavelength shifting to obtain a
variety of different wavelengths from a basic 1064nm source. It is proposed to take advantage of the maturity of
Nd:YAG and select this technology for the generation of the initial laser energy. Frequency conversion or wavelength
shifting is then employed to obtain the four wavelengths required for the instrument. Various techniques are available
for wavelength shifting, including second and third harmonic generation, Optical Parametric Oscillator (OPO)
conversion and Raman. However, in the laser power/technical maturity/cost/wavelength trade-space it may be necessary
to seek a modification to the ideal requirement.

The first compromise is to select 532nm instead of 531nm as the first PRI wavelength. This wavelength is relatively
easy to generate from a 1064nm source using Second Harmonic Generation (SGH) and a conversion efficiency of more
than 50% can be achieved. Suitable crystals are readily available. Beta Barium Borate (BBO) offers a wide
transmission range and claims of conversion efficiency greater than 70% for SHG have been made by vendors. A more
realistic efficiency for SHG frequency conversion might be 60% The efficiency of frequency conversion or wavelength
shifting can be as high as 30% for OPO conversion and up to 30% for Raman. It has not been possible to find a solution
that generates the four wavelengths from a basic 1064nm source in a single step. Several steps may be required relying
on a variety of frequency conversion stages. It is also possible that at each stage a wavelength that is not one of the four
may be produced. This may then be re-circulated or dumped. The potential for using these additional wavelengths
offers additional functionality. A possible approach to four-wavelength generation is: 1064nm to 532nm via second
harmonic generation (SHG), Third harmonic generation (THG) to 355nm via X(3) sum frequency generation, OPO
conversion of 355nm to 651 and 780nm signal and idler respectively, and Raman conversion from 532nm to 555nm in
potassium gadolinium tungstate (KGW). This would provide output at 355nm, 532nm, 555nm, 651nm and 780nm as
well as some residual at 1064nm.

Receiver

A very high sensitivity low noise receiver is required to detect the small signal return from the LiDAR footprint despite
the large receiver aperture. The trade space covering the output pulse energy, beam divergence, receiver field of view
and receiver aperture has been examined. The choice has a significant influence on the space craft through the demands
on power and thermal management. The current design proposed is for the receiver aperture to be 1.5m diameter and
could be based on re-use of the ESA Aeolus transmit telescope. The time of flight for a round-trip laser pulse at an
altitude of 400km is 2.67ms. At the maximum laser pulse repetition rate of 100Hz, multiple pulses will not be in transit
and each ranging cycle can be completed separately. The choice of detector technology is between photodiodes and
Avalanche Photo Diodes. Photodiodes are suitable for low light level detection at high speeds. In these applications, the
diodes are operated in photoconductive mode where the detector is reverse biased. The photocurrent is then proportional
and linear to the incident light power. The higher reverse bias results in fast response, but results in higher dark
generation. The photodiodes are generally responsive from a few nanowatts to a few tens of milliwatts of incident
power, thus making them suitable for low noise and wide dynamic range applications. Avalanche photodiodes (APD)
provide high sensitivity and better signal to noise ratio by multiplying the photo-generated carriers internally compared
to the PN or PIN photodiodes. An optical receiver based on APDs is considered to record the returned laser pulses. Four
such receivers are required in the system, one at each wave length of operation. Various techniques for minimizing the
noise floor for the detectors will be required and techniques for the extraction of valid returns from noise will also be
implemented.

Scanner

There are a number of options to achieve the required output laser scan pattern and receiver configuration. One option is
to design a receiver with a large enough field of view to cover the width of the scan pattern. This requires a telescope
with an angular field of view of 30mrad, and a focal plane of ~150mm across. The main drawback for this option is that



it requires one detector per scan position and per wavelength, giving a total of 13x4 = 52 separate detectors. A second
option is to scan the entire receiver telescope. This requires a telescope with only a small field of view (~100prad) and a
single detector (for each wavelength). It does however require that the receiver telescope be scanned in synchronization
with the laser emissions. The large size of the receiver telescope means that scanning the complete telescope is
impractical. A third option is to employ completely independent scanning mechanisms in both the receiver and
transmitter. The main risk with this approach is that synchronization between the two scanners could be lost, rendering
the system unusable. Alignment would also be difficult to maintain. The approach adopted in the concept design is to
use a scanning mechanism that is common to both channels. This minimizes the number of detectors used, avoids the
need to scan the entire receiver telescope and avoids any issues with synchronization. This is shown schematically in the
Figure 6.
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Figure 6. Laser Scanning Schematic

General and Laser Cameras

The instrument concept includes two cameras to provide information for navigation, attitude accuracy and high
resolution imaging of the area around the LiDAR footprint. A General camera provides multi-spectral images on the
focal plane each one corresponding to a separate waveband. Images of the forest canopy within the swath are recorded.
The camera can therefore be used to measure the homogeneity of the surface vegetation immediately surrounding the
LiDAR footprints and provide a context for the measurements. It is also possible that it can be used to determine a
species dependent characteristic that can be used to relate canopy height to AGB.

The Laser camera is tuned to be sensitive at the long laser wavelength, 780nm in this case and is designed to detect the
illuminated spot on the forest. This camera provides additional measurements of the environmental conditions (e.g. cloud
cover) and provides a measurement of the ground location of each laser footprint. Each camera uses 1k x 1k FPA in
CMOS technology with separate apertures. Solar background is controlled by suitable filters. The second camera is
synchronized to the laser output and integration times are chosen to avoid smearing due to space craft motion. Frame
rates are also selected to match the LiDAR repetition rate and space craft ground speed.



5. CONCLUSIONS

This paper has discussed the feasibility of designing and building a Multi-Spectral Canopy LiDAR for deployment in
space to make measurements that will improve the estimates of AGB and GPP through measuring canopy height and
vegetation reflectivity at four specific wavelengths. An analysis of the science objectives has resulted in the
identification of an initial set of mission requirements. These have been used to develop an instrument concept and
assess the feasibility of building and launching a suitable instrument. On the basis of this study, it is concluded that a
mission is feasible and would result in a significant contribution to the understanding of the global carbon cycle.
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