
Abstract

The International Hydropower Association (IHA) asserts that hydropower has a
very low, or even positive impact on climate change because reservoirs (i.e.,
artificial lakes) sequester large amounts of carbon. The important question is
whether reservoirs are important sinks for anthropogenic carbon. IHA uses an
estimate indicating that reservoirs sequester 2.5% of global CO2 emissions. For
several reasons this estimate gives a misleading indication of the climate impact of
reservoirs. In some cases reservoirs will only be temporary sinks for carbon due to
measures to mitigate reservoir sedimentation and dam decommissioning. Where
reservoirs are permanent sinks their ability to sequester carbon will end once their
storage capacity is filled with sediments. Furthermore, emissions of CO2 and CH4
from reservoirs may have a much higher negative climate impact than the positive
impact due to carbon sequestration. In addition, reservoirs trap a significant amount
of nutrients including silica that would otherwise have flowed to coastal waters.
Silica is an important nutrient for diatom growth which plays an important role in
the “biological pump” that transfers carbon to the deep ocean. A large amount of
further research is needed to come up with any reliable estimates of the full climate
impacts of reservoir construction.
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Introduction

The International Hydropower Association (IHA) claims in a brochure, “Greenhouse Gas (GHG)
Emissions from Reservoirs,” that “reservoirs2 in all climates sequester large amounts of carbon.”
This report is a preliminary attempt to review:

1) whether reservoirs are capable of absorbing significant amounts of anthropogenic
carbon, and

2) the effect reservoirs have on CO2 uptake in coastal regions.

The global carbon cycle: long timescales

Carbon is exchanged between four spheres: the biosphere, lithosphere, hydrosphere and
atmosphere. The amount of carbon stored in each sphere is listed in Table 1.

In the biosphere, plants
uptake CO2 from the
atmosphere by
photosynthesis, which
converts CO2 into organic
matter. Approximately
one-third of the carbon is
stored as cellulose in the
stems and branches of
trees, while two-thirds is
stored in the soil as
humus, dead organic matter. The decay of organic matter (respiration/remineralization) returns
CO2 to the atmosphere. In a non-perturbed state, photosynthesis and respiration are in balance.

Carbon dioxide is exchanged between the atmosphere and the oceans by both physical and
biological processes. The physical exchange process, called the solubility pump, is driven by
chemical gradients between the air and the oceans. Upon exchange, CO2 is dissolved in surface
waters and transferred to the deep ocean by sinking water masses. Upwelled water masses return
CO2 to the atmosphere.

The biological pump is the process by which marine phytoplankton uptake CO2 within the
euphotic zone (portion of the water column where light penetrates) and convert it to organic
matter. Upon death, a portion of the dissolved organic matter and particulate organic matter (i.e.,
calcareous and siliceous shells produced by marine organisms) are transported to deeper waters
by sinking, effectively sequestering carbon from the atmosphere for on the order of 1000 years.

Approximately 1% of organic matter escapes remineralization and is buried on the seafloor. On
geological timescales (104 – 106 yrs), these marine sediments are either released via volcanism or
                                                  
22 In this report, the term reservoir refers to artificial lakes.

Table 1: Carbon storage sites

Sphere Size (Pg C (1015 g C))
Atmosphere 750

Surface Ocean 1,020
Deep Ocean 38,100
Biosphere 2,190

Lithosphere 5,000

Source: Climate Change 2001: The Scientific Basis, IPCC.
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eventually uplifted by tectonics and exposed to atmospheric oxygen (weathering), resulting in
the release of CO2 to the atmosphere, and thus closing the cycle. Figure 1 illustrates this cycle.

Figure 1: Main components of the natural carbon cycle; fluxes and storage capacity in Pg
C yr-1

Source: Climate Change 2001: The Scientific Basis, IPCC.

The global carbon cycle: short timescales

The burning of fossil fuels
and cement production is
causing CO2 to be released
to the atmosphere at much
faster rates than due to
natural processes. Half of
the additional CO2 stays in
the atmosphere, with the
ocean, forests and soils
absorbing the rest. Table 2
summarizes the perturbed
global carbon budget.

Table 2: Human perturbation to the global carbon budget

CO2 sources Flux (Pg Cyr-1)
Fossil fuel combustion 6.3 +/- 0.4
CO2 sinks
Atmosphere 3.2+/- 0.1
Ocean 1.7 +/- 0.5
Land 1.4 +/- 0.7

Source: Climate Change 2001: The Scientific Basis, IPCC.
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Can dam reservoirs absorb significant quantities of anthropogenic CO2?

The IHA brochure, “Greenhouse Gas Emissions from Reservoirs,” implies that hydropower is a
climate-friendly energy source because “reservoirs sequester large amounts of carbon.” This
claim is largely based on research by Dean and Gorham (1998). Assuming an average
sedimentation rate, bulk density and percentage organic carbon in sediments for all the world's
reservoirs, Dean and Gorham (1998) estimate an accumulation rate of 0.16 x 1015 grams per year
(0.16 Pg yr-1) of organic carbon for reservoirs.

CO2 emissions from fossil fuel burning and cement production are currently estimated at 6.3 Pg
C yr-1. Thus, using the numbers from Dean and Gorham (1988) reservoirs are absorbing 2.5% of
anthropogenic emissions.

However, this calculation omits several important factors which could turn reservoirs from
apparent global sinks to significant global sources of carbon. An assessment of the net impact of
reservoirs upon global carbon fluxes should account for factors including in particular:

• Conversion of pre-dam sinks and sources of carbon.

Estimates of the area flooded globally by dam reservoirs range from 500,000
(McAllister et al., 2000) to 1,500,000 km2 (St. Louis et al., 2000). Ecosystems
now converted to reservoirs would have been a complex mosaic of sources and
sinks of greenhouse gases. Changes in carbon fluxes from riparian ecosystems
downstream of dams due to reservoir operation (e.g., forest loss and wetland
desiccation) should also be accounted for in estimates of reservoir climate impact.

• The fraction of carbon entering reservoirs that is converted into CO2 and
CH4 and then released to the atmosphere.

St. Louis et al. (2000) estimate global emissions of carbon (in the form of both
CO2 and CH4) from reservoirs as 0.27 Pg C yr-1. This is 60% higher than the
amount of carbon Dean and Gorham (1998) estimate to be absorbed by reservoirs.
These emissions are due to the decomposition of both terrestrial biomass flooded
by the reservoir and aquatic biomass that grows in the reservoir, as well as carbon
entering the reservoir from upstream. The climate impact of carbon emitted from
reservoirs is likely to be higher than if this carbon were emitted to the atmosphere
under pre-dam conditions due to the significant proportion of methane in reservoir
emissions (CH4 has a global warming potential 23 times higher than CO2).

• The eventual release of sequestered carbon due to measures to conserve
reservoir storage capacity, and dam decommissioning.
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A proportion of carbon sequestrated in reservoirs will be released due to measures
such as sluicing or venting which seek to mobilize reservoir sediments and
reverse loss of water storage capacity. These techniques are not widespread but
work for specific types of reservoirs.

Dam decommissioning is now increasingly seen as an option, especially for older
dams and where reservoirs can no longer serve a useful purpose due to loss of
water storage capacity to sediments. The impetus for decommissioning is usually
safety or a desire for ecosystem restoration. A certain portion of the accumulated
sediments will be released after decommissioning, while another portion may be
stabilized in place.

• The capacity of reservoirs to sequester carbon has a limited lifespan.

The ability of a reservoir to sequester carbon is limited by its storage capacity.
Measures such as sluicing and venting are ineffective for the majority of
reservoirs. These will typically become filled with sediments after 50-200 years
(Morris and Fan, 1998). Reservoirs with low sedimentation rates (such as those in
high mountain areas with thin soils) will necessarily sequester small amounts of
carbon.

• The fraction of carbon sequestered in reservoirs that would under pre-dam
conditions have been sequestered downstream and off-shore.

Dams have significantly reduced the transport of sediments from the continents to
the world’s oceans. Vörösmarty et al. (2003) estimate that 25% of sediment flux
destined for coastal areas is impounded behind reservoirs. Whether the carbon
associated with this sediment flux and river discharge is more effectively
sequestered in reservoirs or in coastal/deltaic environments depends on both the
characteristics of the reservoir and the type of marine environment into which the
sediments are discharged.

Hedges and Keil (1996) estimate that approximately 0.4-0.6 Pg C yr-1 is carried to
the oceans by rivers, divided equally between particulate and dissolved matter.
Hedges (1992) estimates that globally just under 20% of this terrigenous input is
preserved in marine sediments. The remaining 80% is degraded by microbial
processes.

The IHA states in its brochure that “dating of carbon in sediments of continental
margins show that the carbon is typically very old, confirming a very low rate of
carbon burial” without providing any references. Yet, Bauer et al. (2001) report
varying contributions of young organic matter of terrestrial and/or riverine origin
in the Mid-Atlantic Bight continental shelf region.



6

• The impact upon oceanic carbon uptake of trapping sediments and nutrients
behind dams and altering timing and amount of freshwater flows into the
oceans.

Riverine input is the major external source of nutrients to the ocean. While
discharge of nitrate and phosphate downstream of dams by human activities
compensates for what is trapped behind dams, in the case of silicate, there is no
such compensation. Silicate is necessary for the growth of unicellular algae
known as diatoms, which have silica shells. Diatoms are more efficient at
transporting carbon than coccolithophorids (carbonate-secreting organisms) and
represent 40% of oceanic primary productivity. Silica limitation in coastal regions
can thus have an effect on the efficiency of the biological pump, the process by
which CO2 is incorporated into organic matter.

Dams have caused the silicate load into the Black Sea to drop by two-thirds
(Humborg et al., 1997). A decrease in silicate input to the Bay of Bengal
restricted blooms of diatoms to the monsoon months (Ittekkot et al., 2000).

While there are no estimates available of the impact of decreased riverine
discharge on the biological pump, it is possible to make a back of the envelope,
worst-case calculation. Let us assume that primary productivity is stopped in
coastal regions due to the complete blockage of riverine sediment and nutrient
input by dams. Coastal areas account for 20-30% of global primary productivity
(Hedges et al., 1997). A 20% shut-down of the biological pump could result in a
40 ppm increase in atmospheric CO2; a 30% shut-down in a 60 ppm increase
(assuming that global turn-off of the biological pump results in approximately 200
ppm increase in atmospheric CO2 (Sarmiento and Toggweiler, 1984; Maier-
Reimer et al., 1996)). By comparison the increase in atmospheric CO2 due to
fossil fuel burning over the past 150 years is approximately 100 ppm.

In coastal regions where upwelling rather than riverine input is the primary source
of nutrients, decreased fresh water input could effect local circulation. For
example, decrease in fresh water input in the East China Sea due to the Three
Gorges Dam is expected to reduce cross-shelf upwelling and thus the supply of
nutrients to surface waters, reducing the efficiency of the biological pump (Chen,
2002).

Conclusion
Reservoirs have been estimated to absorb 2.5% of anthropogenic carbon emissions globally.
Global emissions of carbon from reservoirs, however, have been estimated to be 60% higher than
this estimate of global reservoir carbon sequestration. The sequestration capacity of reservoirs
has a limited lifespan. Trapping of riverine input of sediments and nutrients by dams can affect
the long term silica budget of the oceans, decreasing the effectiveness of the biological pump that
sequesters CO2 in deep waters. More studies are needed to quantify the climate impact of
reservoirs and how dams affect the supply of nutrients to the ocean and biogeochemical cycling
in coastal areas.
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