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Purpose

The Upper and Middle HRB

The Qilian mountain cryosphere is located in the Heihe River
Basin (HRB) in Northwestern China. The cryosphere refers to
frozen water in a system. Storage leaving the cryosphere in the
form of glacial, snow and permafrost melt infiltrates and
recharges groundwater and runs off into rivers . This water
makes its way to the arid, lower basin and recharges large
fractions of its surface and groundwater storage. Climate
change driven shifts in the timing and volume that storage
moves out of the cryosphere impacts this recharge. In the next
few decades, this volume is expected to increase. As melting
progresses, particularly of glaciers, this pattern could reverse.
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Research Methodology
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Research Question

There is extensive literature on how climate change will
impact water leaving cryosphere storage, but to our
knowledge there are no studies outlining how those changes
will directly influence the surface and groundwater storage
available to meet demand in the lower basin. We will model
these changes in different climate and drought scenarios in
order to assess how available storage changes in the lower
basin under different climate change trajectories. This
process is reflective of what may occur in other mountain
headwater basins.

By using a fully integrated hydrologic model (ParFlow), we can
model how changes in flow from mountain tributaries impact
lower basin surface and groundwater storage.

Model Development

1. Choose a model
2. Compile surface/subsurface datasets
3. Topographic processing
4. Domain spin up
5. Compile climate datasets
6. Simulate one year with climate
forcings using coupled climate model (CLM)
7. Subsurface configuration
8. Run scenarios

In order to model short term increases in water
leaving cryosphere storage, we increase
mountain tributary input and track changes to
surface and groundwater storage in the lower
basin under different warming and drought
scenarios.
1. Climate change is hypothesized to change the
timing and increase the volume of water that is
removed from cryosphere storage in the short term
2. This increases the amount of water going to
groundwater recharge and that enters the rivers
3. A short term increase in surface and groundwater
storage in the lower basin is expected
4. This allows current withdrawals to have less of an
impact and for potential increased withdrawals
5. This creates a static or increased demand for water
that may not be sustainable in the long term and
environmental flows may not be adequately allocated

Scenario Outline
We will represent short term increases in water leaving cryosphere storage by
augmenting flow from mountain tributaries and model storage changes in the HRB.
1. Baseline – Model the HRB domain with CLM across a normal and drought year
2. Future Projection – Each with a 5% and 15% river flow increase representing the range
of hypothesized changes in storage coming from the cryosphere
1. Warming Scenario 1 – 2.5C
2. Warming Scenario 2 – 4C
3. Drought Scenario 1 – 10% precipitation decrease
4. Drought Scenario 2 – 25% precipitation decrease
3. Next Steps – Simulate river flux decreases to represent exhaustion of glaciers and
Preliminary results show subsurface storage
changes from adding mountain tributary input
determine how long it would take the excess storage to run out under normal usage.

