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Good afternoon. I very much appreciate the chance to put on record the surprisingly large
published estimates of the negative climate impact of Hydro-Quebec’s energy.
My name is Brad Hager. I am a Professor of Earth Sciences at the Massachusetts Institute of
Technology, where I co-direct one of MIT’s Low Carbon Energy Centers. I split my time
between Massachusetts and our home in Mercer, Maine. I am also an avid outdoorsman – over
the years my family and I have spent about 10 months on canoe trips on the rivers of northern
Quebec. I worry about the planet that our children will inherit and I am especially concerned
about continued growth in carbon emissions.
Over the past decade, scientists have recognized the surprisingly large emissions of carbon
dioxide and methane by some hydro-power facilities. Studies published recently in the peer
reviewed scientific literature1 document the greenhouse gas emissions of approximately 1,500
hydro facilities, including most of those providing power to Hydro Québec.
To summarize what I will present in more detail:
1) There is an extremely wide range of greenhouse gas emissions from hydro facilities. Six
of Hydro Québec’s reservoirs are among the top 25% of greenhouse gas emitters of
hydro plants worldwide. Their emissions range from about that of a modern natural gas
power plant to over twice that of coal power plants. They are definitively NOT the
source of green power that they are made out to be.
2) Why are Hydro-Québec’s reservoirs so dirty? Hydro-Québec’s reservoirs are nothing
like the clean reservoirs of Switzerland that dam deep, narrow valleys above tree line.
Rather, Hydro-Québec’s reservoirs flood vast tracts of low-lying woodlands, resulting in
deforestation akin to that we see in the alarming images of burning the Amazon. In
addition, the greenhouse gas emissions from decay of submerged trees and disturbed
soils in newly created reservoirs are twice as high as decades-old ones, so building new
reservoirs to provide power for export leads to particularly high emissions in the first 5 –
10 years of reservoir life.
Given the fact that Hydro-Québec’s high greenhouse gas emissions are documented in the peer
reviewed literature, it seems dereliction of duty to allow NECEC to proceed without serious and
formal federal review. NECEC’s negative impacts on the climate must be considered in the
permitting process.
The bar chart on the next page shows the range of carbon footprints for common power
sources. The numbers on the vertical axis give the greenhouse gas impact per MWh of energy
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generated. The bars show the ranges from various sources, ranging from the dirtiest on the left
– coal – to the cleanest on the right – wind and nuclear. In the middle, with the largest range
by far, is hydropower. Note that 10% of the world’s hydro has a footprint that plots off the top
of this chart.
Where does Hydro Québec fit in this wide range? Hydro Québec emissions documented in the
Swiss global study are shown in black font. Note that the Caniapiscau dam, which makes the
largest lake in Québec, has twice the carbon footprint of coal! This is hardly clean energy. And
5 more reservoirs have footprints higher than modern natural gas plants. Only 1 small Hydro
Québec reservoir is as clean as wind.
The range in values for the detailed Québec Eastmain-1 study are shown in red. After the initial
flooding, emissions were above modern gas, approaching coal. After a decade, they drop off to
a value about half that of gas, with the crossover after about 5 years.
The sketch of a watershed in the final figure provides an intuitive understanding of the wide
range in variation of hydro’s carbon footprint. Deep reservoirs in narrow mountain valleys with
little vegetation (think Switzerland or Iceland) are clean. Shallow lowland reservoirs that flood
vast areas of forest (think Hydro-Québec) are dirty.
In summary, the carbon footprints of Hydro-Québec’s power as documented in the peerreviewed scientific literature make it among the dirtiest hydro in the world. In view of this
published science, it would be irresponsible to grant a license for NECEC without a thorough
Environmental Impact Assessment that considers its negative effects on the climate and the
environment.
Thank you for the opportunity to testify.
Bradford H. Hager
Cecil and Ida Green Professor of Earth Sciences
Massachusetts Institute of Technology
bhhager@mit.edu
Somerville, MA and Mercer, ME
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Documentation of the Carbon Footprint of Hydro Québec’s Hydropower
Bradford H. Hager
Cecil and Ida Green Professor of Earth Sciences
Department of Earth, Atmospheric and Planetary Sciences
Massachusetts Institute of Technology
Summary
The purpose for building NECEC is to provide a conduit for ~ 10 TWh/yr of electricity to
Massachusetts. The premise used to justify NECEC is that this power would result in much less
net emission of greenhouse gasses than what would be produced from electricity generated
using modern natural gas power plants (~ 400 g CO2/kWh). Yet despite claims that its power is
“low-carbon,” Hydro Québec (HQ) has provided no formal documentation of this claim.
In this white paper I provide relevant references, as well as giving a road map through these
references to finding values of CO2e emissions of HQ reservoirs. The information in the peerreviewed literature demonstrates that a large fraction of HQ power is not low carbon.
A growing number of peer-reviewed articles in the scientific literature address the carbon
footprint of hydro reservoirs worldwide. By studying these papers and the on-line
supplementary materials accompanying them, I have assembled sufficient information to
determine the greenhouse gas emissions of 18 of HQ’s major reservoirs – those that generate
in excess of 1 TWh/yr of electricity each. There is a tremendous range in HQ emissions – from 5
g CO2/kWh (half that produced by wind) to 2265 g CO2/kWh (twice that produced by coal).
About half of HQ generation is comparable in emissions to natural gas. These estimates are
given in a table and illustrated in a figure in the final two pages of this document.
Relevant literature
About 20 years ago. scientists began to recognize the possibility that reservoir greenhouse gas
emissions are significant (e. g., St. Louis et al., 2000). In particular, HQ undertook an extensive
research program to measure the fluxes of CO2, CH4, and N2O in their reservoirs and
surroundings. Tremblay et al. (2005) published measurements of greenhouse gas fluxes for
many Canadian reservoirs, including most existing HQ reservoirs. Fluxes were reported in
mg/m2/d. (There is tremendous scatter in the observations for a given reservoir because
emissions vary greatly in space and time. The standard deviation of the values reported are
approximately equal to the values themselves.)
Teodoru et al. (2012) measured variations in emissions as a function of time over the three
years following the filling in 2006 of the new Eastmain-1 reservoir in Québec. They found that

initially the CO2 footprint was comparable to a coal fired power plant, but decreased to that of
a modern gas plant after 3 years. They extrapolated the data to conclude that, over 100 years,
the cumulative emissions of this reservoir would be about half that of a gas plant
Barros et al. (2011) compiled data from about 100 hydro reservoirs worldwide, concluding that
emissions were correlated with reservoir age and latitude. His data set included Tremblay’s
(2005) data.
Hertwich (2013) made an important advance by making estimates from the web of the amount
of energy generated by these reservoirs. This made it possible to convert the conventional
measurements of emissions per unit area to obtain emissions per kWh.
Scherer and Pfister (2016) used the ~150 reservoirs in the Hertwich (2013) data set to fit a
general linearized model, explaining most of the CO2 emission variation using only two
variables: Hertwich’s area/electricity ratio and the logarithm of reservoir area. They then used
the recently developed Global Reservoir and Dam Database (GRAND, see Lehner et al., 2011) to
estimate model-based fluxes for ~ 1500 reservoirs worldwide. The supplementary data files of
Scherer and Pfister (2016) provide a convenient source for the Hertwich (2013) data set, as well
as an alternative estimate (from GRAND) for energy generation in 2009.
Deemer et al. (2016) also augmented the Barros et al (2011) data set with more recent
measurements. However, they focused on reservoirs where methane is the main greenhouse
gas, and their study does not add substantially to information about HQ reservoirs.
Estimates of Hydro Québec CO2e footprint
Table 1 gives estimates, using four approaches, for the CO2 equivalent emissions (g CO2e/kWh)
for the 18 HQ reservoirs generating > 1 TWh/yr. Because generation by any power plant varies
from year to year, there are two estimates used: H13 is the older value provided by Hertwich
(2013), while S&P is the value for 2009 provided by Scherer and Pfister, 2013. Systems are
ranked by using the larger of these two values. (Note that the H13 value for the RobertBourassa system is anomalously large, and not in line with others in the La Grande system,
making me skeptical of this value.)
The values of CO2e (g/kWh) in the columns labeled “S&P data” were calculated using the two
estimates of energy (in TWh) with data for reservoir emissions in the Scherer and Pfister (2016)
table. The “S&P model” column gives Scherer and Pfister’s (2016) values for their twoparameter model. The “T12 data” gives Teodoru et al.’s (2012) observed emissions for the
Eastmain-1 reservoir in 2009, three years after it was flooded. Cells where there was no
information are left blank. Cells where greenhouse gas emissions exceed that of natural gas are
highlighted in yellow. Cells where greenhouse gas emissions exceed that of coal are highlighted
in red.

Even though HQ’s two top power producers, Robert-Bourassa and Churchill Falls, are over 40
years old, they both have carbon footprints approximately equal to that of modern natural gas.
Brisay/Caniapiscau is two times dirtier than coal. Most of HQ’s power has a much greater
carbon emissions than wind.
Table 1: Estimates of CO2e for Hydro Québec’s reservoirs > 1 TWh/yr
Area
System
(km2)
TWh
CO2e g/kWh
S&P
S&P
data
data
H13
S&P
TWh
Max
H13 S&P TWh
Robert-Bourassa
(La Grande-2)
2835
37.4 37.4 5.2
57
412
Churchill Falls*
4816
30.8
30.8
Bersimis
798
12.5 12.5 7.8
35
56
La Grande 4
765
10.1 10.1 8.9
46
52
Manic 5
1973
9.8 9.8
124
La Grande 3
2420
8.7 8.7 8.4
210
217
La Grande 2A
2835
7.1 7.1
222
Manic 2
124
6.5 5.1 6.5
10
8
Manic 3
236
5.8 4.9 5.8
6
5
Bersimis 2
38
5.5
5.5
La Grande 1
70
4.5 4.5 2.7
12
20
Outardes 3
11
4.5 3.2 4.5
Outardes 4
625
3.7 2.6 3.7
194
138
Laforge-1
960
2.7 2.7 1.7
371
588
Eastmain-1
600
2.7 2.7
309
St-Marguerite 3
253
2.6 2.6
197
Outardes 2
26
2.0
2.0
Brisay/Caniapiscau
4318
1.2 1.2 0.8
1501
2265
* Churchill Falls is in Labrador, but almost all of its power goes to HQ.

S&P
model
S&P
TWh

T12
data
H13
TWh

576
436
313
309
451
180
219
119
165
42
329
605
275
102
2250

Figure 1 illustrates the range of estimates for these reservoirs in a bar graph. For reference, the
line showing 400 g CO2e/kWh is the value for a modern natural gas power plant.
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Figure 1: CO2e (g/kWh) estimates for HQ’s reservoirs generating > 1 TW/y.
References
Barros, N.; Cole, J. J.; Tranvik, L. J.; Prairie, Y. T.; Bastviken, D.; Huszar, V. L.; Del Giorgio, P.; Roland, F. Carbon
emission from hydroelectric reservoirs linked to reservoir age and latitude. Nat.Geosci. 2011, 4 (9), 593.
Deemer, BR; Harrison, JA; Li, S; Beaulieu, JJ; DelSontro, T.; Barros, N; Bezerra-Neto, JF; Powers, SM; dos Santos,
MA; Vonk,JA. Greenhouse Gas Emissions from Reservoir Water Surfaces: A New Global Synthesis, BioScience,
Volume 66, Issue 11, 1 November 2016, Pages 949–964, https://doi.org/10.1093/biosci/biw117
Hertwich EG. 2013. Addressing biogenic greenhouse gas emissions from hydropower in LCA. Environmental
Science and Technology 47: 9604–9611.
St. Louis VL, Kelly CA, Duchemin É, Rudd JW, Rosenberg DM. 2000. Reservoir surfaces as sources of greenhouse
gases to the atmosphere: A global estimate. BioScience 50: 766–775.
Scherer, L.; Pfister, S. Hydropower’s biogenic carbon footprint. PLoS One. 2016, 11 (9), No. e0161947.
Lehner B, Reidy Liermann C, Revenga C, Vorosmarty C, Fekete B, Crouzet P, et al. High-Resolution Mapping of the
World's Reservoirs and Dams for Sustainable River-Flow Management. Front Ecol Environ. 2011; 9: 494–502.
Teodoru CR, Bastien J, Bonneville M, Giorgio PA, Demarty M, Garneau M, et al. The net carbon footprint
of a newly created boreal hydroelectric reservoir. Glob Biogeochem Cycles. 2012; 26 (2), 4187 DOI:
10.1029/2011GB004187.
Tremblay, A.; Therrien, J.; Hamlin, B.; Wichmann, E.; Ledrew, L. J. GHG emissions from boreal reservoirs and
natural aquatic ecosystems. Greenhouse Gas Emissions-Fluxes and Processes: Hydroelectric Reservoirs and Natural
Environments 2005, 209−232.

