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This research centers around the land use change emissions resulting from the construction 
of the Eastmain-1 reservoir in boreal Quebec.  Reservoirs emit greenhouse gases directly, 
but we must also consider the CO2 uptake that would have occurred in vegetated areas had 
the reservoir not been builtɂ the emissions resulting from land use change.  

In order to assess lost greenhouse gas uptake resulting from reservoir construction, we 
require techniques for quantifying gross ecosystem productivity (GEP) and net ecosystem 
exchange (NEE) in vegetated regions to be flooded. 

The goal of this research is to explore the possibility of using remotely sensed information, 
including the photochemical reflectance index (PRI) and normalized difference vegetation 
index (NDVI) to estimate the CO2 uptake that was lost from vegetated land covers due to 
construction of Eastmain-1.  As the predominantvegetation flooded by Eastmain 1 was 
forest and peatland, we analyse a forest and a peatland site considered representative of the 
flooded vegetation.

Methods:
The goal  of this experiment was to determine if a dark to light transition induces a change 
in 531nm reflectance and change in PRI in peatland vegetation as it does in other plant 
species.  Plots were shaded  16-24 hours prior to measurement.  Upon shade removal 
reflectance spectra were collected immediately and then at .5 to 2 minute intervals for 30 
minutes.  Changes in reflectance and PRI were analysed.  

Methods:
PRI and NDVI were monitored using Skye 4-Channel light sensors mounted on the eddy covariance (EC) tower at each site. Data fromboth the eddy covariance systems and the 
Skye sensors were averaged and logged on half hour intervals. This allowed comparison of concurrent measurements of vegetation indices and EC data such as fluxes of CO2.

Introduction

Can remotely sensed vegetation indices be used to determine GEP and NEP in the 
ecosystems flooded by Eastmain-1?

1) Do heterogeneous peatland plots respond to excess light with a decrease in R531nm and 
02)ȩ  ɉÉȢÅȢ $ÏÅÓ 02) Ȭ×ÏÒËȭ ÉÎ peatlands?)

2) Is PRI related to light use efficiency (LUE), gross ecosystem productivity (GEP), and net
ecosystem exchange (NEE)in both the forest and peatland site?

3) How do PRI and NDVI differ between sites, and over the growing season?

Research Questions

1. Peatland Shading Experiment
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PRI over time from shade removal (Plot 7)

Jun-14 2010 1:42pm  
PAR: 2400 umol/m2/s

Jul-19 2010 8:25 am 
PAR: 1300umol/m2/s

Sep-02 2010 3:30pm 
PAR: 1600umol/m2/s
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PRI over time since shade removal (Plot 2)

Jun-12 2010 1:00pm 
PAR: 2400 umol/m2/s
Jun-14 2010 11:30am 
PAR: 2300 umol/m2/s
Jul-13 2010 9:15am 
PAR:1500 umol/m2/s
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PRI over time from shade removal (Plot 11)

Jun-13 2010 9:40am 
PAR:1800umol/m2/s

Jun-15 2010 10:45am 
PAR:2100umol/m2/s

Jun-18 2010 10:30am 
PAR:1200 umol/m2/s

2. Comparison of Eddy Covariance Data to Remotely Sensed Vegetation Indices 
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3. Helicopter Based Spectral Measurements
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Forest
y = 0.0413ln(x) + 0.1334
R² = 0.3504; P<0.0001

Peatland
y = 6.2032x - 0.1378

R² = 0.2686; P<0.0001
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PRI vs NEP
Forest and Peatland

Forest
y=-0.008ln(x)-.056
R2=0.344; P<0.0001

Peatland
y = -.014ln(x)-.0802
R2=0.208; P<0.0001

Peatland
y = -0.03ln(x) - 0.0751
R² = 0.2422; P,0.0001

Forest
y = -0.029ln(x) - 0.0083
R² = 0.2874; P<0.0001
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y = 2459.x + 170.7
R² = 0.418 ; P<0.0001
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The relationship between PRI and PAR was found to saturate  at bothsites.  
Increases in PAR above ~500 mol m-2 s-1 induced no further decrease in 
PRI. This likely indicates that  xanthophyll cycle pigments were entirely de-
epoxidized, when PAR was in excess of 500 mol m-2 s-1. In such cases 
further decreases in LUE, NEP and GEP are not induced by xanthophyll 
cycle activity and would not be detectable using PRI. This explains the 
decrease in slope observed in Figures 2 b-c. As incident PAR increases, GEP 
and NEP increase while PRI decreases to a limit (approximately -0.08 at the 
forest and -0.13 at the peatland). This saturation effect may limit the 
applicability of PRI in boreal ecosystems as remote sensing is typically 
possible on clear days near solar noon. In summer, PAR would be well above 
the 500 mol m-2 s-1saturation point for PRI.

Water table depth 
(WTD) was 
monitored hourly 
at the peatland.  
Desiccation is an 
important source of 
stress in wetlands, 
and the depth of 
the water table 
gives an indication 
of water availability.  
We should thus 
expect a 
relationship 
between water table 
depth and PRI, the 
value of which 
should decrease 
under conditions of 
excess stress.  As 
expected, PRI is 
positivelycorrelated with WTD.  Under conditions of stress, when the water table is low (very 

negative values),  PRI is low also indicating that excess light is being dissipated 
through the xanthophyll cycle.

Results:
PRI decreased with a transition from dark to light only when healthy vegetation dominated 
the field of view of the sensor.  For example, Plot 2 contained vegetation which was mostly 
dead due to severe desiccation stress.  Upon transition from dark to light Plot 2 exhibited 
little change in PRI.  Plot 11 however, was dominated by healthy vegetation including Larix
laricina and Rubuschamaemorus. This plot exhibited a strong decrease in PRI upon 
transition from dark to light, within the first 5 minutes of shade removal, and this change in 
PRI occurred consistently throughout the season.  Plot 7, however, was dominated by 
Eriophorum sp. and much of the field of view contained dead vegetation.  The change in PRI 
in Plot 7 was less pronounced than for Plot 11, but still occurred.  

ID: B41I-0429

Spectra were collected at random points over the Forest and Peatland in June, July and 
September 2010.  NDVI was generally lower in the peatland than in the forest, and 
increased over the measurement period at the peatland, but only between June and July at 
the Forest.  PRI was lower  in the peatland than in the forest as expected, since the 
peatland is a less productive system with lower light use efficiency. There was a slight 
increasing trend in PRI at both sites possibly due to decreasing water stress as both sites 
received more frequent precipitation towards the later portion of the measurement period.

Relationships  between spectral indices and GEP were not improved by including 
NDVI.  This is contrary to what  was expected as NDVI typically relates to fAPARwhile 
PRI relates only to LUE.  Since GEP=LUExAPAR, PRIxNDVI was expected to better 
predict GEP than PRI alone. However this was not the case.  The lack of improvement 
by including NDVI, could be explained by the lack of variation in NDVI within the field 
of view of the light sensors at both the forest and peatland over the course of the 
measurement period.  

Peatland
y = -0.021ln(x) - 0.0528
R² = 0.2309; P<0.0001

Forest
y = -0.019ln(x) - 0.0079
R² = 0.2608; P<0.0001

-0.2

-0.15

-0.1

-0.05

0

0.05

0.1

0.15

0 2 4 6 8 10 12 14

N
D

V
Ix

P
R

I

GEP (umol m2 s-1)

Gross Ecosystem Productivity vs NDVIxPRI
Forest and Peatland

Conclusions
1. PRI does decrease with a transition from dark to light over healthyvegetation in the 

peatland.  However, this response is decreased by dead vegetation within the field of 
view of the sensor. 

2. PRI is correlated with LUE, GEP and NEP.  However, the ability of PRI to predict GEP 
and NEP is best at small values of these fluxes, when PAR values are typically low.  This 
occurs because PRI reaches a minimum with increasing PAR effectively saturating.  
This saturation occurs below PAR values typical of clear sky days when remote sensing 
is possible, thus presenting challenges for relating PRI collected from satellite and 
airborne sensors to fluxes of CO2 and LUE.
PRI was related to water table depth at the peatland, suggesting that PRI is tracking 
indicators of plant stress as expected.

3. Spectra collected from a helicopter platform indicate higher NDVI and PRI in the forest 
as compared to the peatland as expected.

The relationships found between PRI and NEP suggest that it is possible to estimate the 
carbon uptake lost in flooding the Eastmain 1 reservoir remotely.  However, the 
saturation of PRI with excess PAR may lead to difficulties in using PRI from satellite or 
airborne remote sensing.

Future Work

Funding Sources

Future analysis of this dataset will include
1. Analysis of factors which influence how PRI responds to dark to light transitions in the 

peatland (i.e. are LAI, species composition, etc. important?)
2. Analysisof how noontime clear sky PRI (when PRI is saturated) relates to parameters of 

interest (i.e. Is GEP, LUE, NEP related to the daily minimum PRI?)
3. Analysisof spatial variability in spectral indices at the forest and peatland sites from 

helicopter collected data.
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Fig. 2a Fig. 2b Fig. 2c

Fig. 2d

Results:
PRI was correlated with changes in LUE, NEP, and GEP over the measurement period (June 10-Sept 6 2010).  PRI decreases in conditions of excess light.  Thus the results are as 
expected.  LUE and PRI are positively correlated indicating that when light use efficiency is low, plants are dissipating excesslight through the xanthophyll cycle. This light 
dissipation typically occurs under high light conditions when GEP is high, resulting in a negative relationship between PRI and GEP.  Similarly, NEP is negatively related to PRI 
since during daytime hours when PRI can be measured, NEP is dominated by photosynthesis.

Fig. 2e

Fig. 2f Fig. 2g

Jun Jul Sep Jun Jul Sep

Forest Peatland

Average of NDVI0.69 0.74 0.74 0.59 0.63 0.67

Average of PRI -0.049 -0.029 -0.025 -0.109 -0.101 -0.104
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