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Introduction
The climatic and hydrologic regimes of Arctic and Subarctic rive: strongly impacted by
the permafrost distribution within their watersheds. Rivers that collect their waters entirely
from watersheds with continuous permafrost distribution practically ce: i
into the Arctic Ocean during the winter. In contrast, the larger ar S
their watersheds into the regions with discontinuous permafrost or even into the permafrost-
free areas (Ob’, Yen , Lena, Mackenzie), continue to discharge gnificant amount of
er into the Arctic Ocean during the entire winter. Moreover, the ratio of “winter” to
immer” discharge decrease among the Great Siberian Rivers (Ob’, Y i, Lena)
accordingly to the extent of permafrost in their watersheds. Based on this obs
becomes obvious that the seasonality in the arctic river discharge can change significantly
with a warmer climate. The predicted warming in this century will be significant enough to
start permafrost degradation in many areas in the Northern Hemisphere (Anisimov et al.,
2001; IPCC, 1996, 2001; Sazonova et al., 2001). Degradation of permafrost will significantl;
change the permafrost spatial extent and can affect its vertical thickness. As a result,
conditions of groundwater recharge, flow, discharge and storage will be altered considerably,
increasing the role of subsurface flow in the water balance. Altogether, it will change the
seasonality of the arctic river discharge into the Arctic Ocean, increasing winter flow, and it
will probably increase the total discharge as well. During winter, all other sources of river
discharge but groundwater accumulate in unfrozen zones within permafost (taliks) and are
locked in temporary storage as snow or ice. Taking into account the observed increase in
permafrost temperatures in Siberia over the same period of time (Pavlov, 199:
7 . .

The overall goal of the proposed research is to obtain a deeper understanding of
coupled thermal and hydrogeological processes of heat and water exchange
within different permafrost zones along the Lena River and to use this
understanding for prediction of changes in arctic river discharge into the Arctic
Ocean as a result of climate warming and permafrost degradation.

1. Developing the physically based numerical models of ground water
recharge/discharge, and subsurface flow and storage in the permafrost-affected
hydrostratigraphic units at typical locations within the Lena River basin.

2. Estimate the two- and three-dimensional permafrost dynamics within these units
as a response to climate change during the 21* century.

3. Assess the effect of these changes in permafrost characteristics on the hydrology
and hydrogeology within the Lena River basin and, as a result, on the Lena River
discharge patterns.

4. Assess and quantify the impact of these changes across Siberia and throughout
the Arctic.
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3. Modeling

a. Development of a coupled thermal and hydrological two- and three-dimensional numerical model of the permafrost-
hydrogeological processes

b. Development of new interpretation i ining remote sensing, ical simulations and field ical
investigations M
c. D )2 of specific p hyd logical models for typical hydrostratigraphic units within each of three chosen sites

On the scale of kilometers or tens of kilometers (small river watersheds or short sections of the Lena River), we will model
the subsurface water flow within the sub-river taliks. Groundwater flow into the river valley will be parameterized using the results
from the previous stage of modeling described above. The two- and three-dimensional models of the coupled heat and mass transfer
in the sub-river taliks and surrounding permafrost will be used at this stage. The major task at this stage will be characterizing
changes in permafrost distribution and geometry along the river valleys and related changes in summer and winter river
discharge. These modeling results will be validated against observed data.

d.  Change detection of surface water storage components and causal attribution Tima Ky
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e. Research through How does the spatial distribution of soil moisture evolve throughout the & Romanovsky, 1988) JHES

summer season? Is the spatial variation consistent between years when local input data exists? If not, what input variables are most
sensitive? Could a sustained trend in any of the climate forcing input cause a feedback through soil moisture that would affect active
layer depths or vegetative succession? How do the answers to these questions vary between watersheds underlain by continuous
permafrost and discontinuous permafrost?
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We plan to establish a geographic information system (GIS) to facilitate data ilation, integration and visualizati o5 75 \L‘

Additionally, these data will be archived for utilization by the broader scientific community at the National Snow and Ice Data £ e
Center (NSIDC) through the Arctic Data Climate Center (ADCC). Linking GIS with model analyses allows zoning the areas by a iﬁn /\ /\w,, E
suite of runoff-forming mechanisms. We plan to separate the regions with vein-fracture type of ground water from the regions where i s ~ £ o
laterally extended aquifers with interstitial or pore ground water are more typical. We also plan to delineate areas with different 2 P S el yo— 0T
permafrost temperatures and extent, relief, vegetation and soil properties to enable mapping of relative sensitivity to permafrost sod—-t— ! 55 20—}
degradation and thermokarsting. For this purpose we will use the data from our "East Siberian Transect" GIS and map of e
"Permafrost-Hydrogeological Zoning". Most importantly, we will provide information on changes in the hydrogeological structure of 010 1.0 ro—"| =
the regions as a result of predicted climate warming. This information should be used for parameterization of changes in the 45
subsurface water flow and storage as a function of changing climate. This ization should be incorporated in the suite of 4 4
spatially distributed hydrological model of different spatial scales. This work is very important for enabling implementation of these FEEFSLELLESS PP FPELELP LTSS LSS S P
results into global and regional models of O A here-Land i i UG Time, years
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