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- How is the hydrographon
the upper Gila projected to
change as climate warms up?

- Snowmelt runoff?
Summer low flows?

- We'll use observations,
coupled dynamical models,
and simple statistical models

—> Three ISC technical reports
(2013, 2015, 2016)

New Mexico Water Conference
October 6, 2016 €\ UNM

Figure 1. Introduction.
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Figure 2. Average annual hydrograph for the Upper Gila River.
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Figure 3. Reconstructed past flows.
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New Mexico statewide 1935-2015
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Figure 4. Observed climate variability and change in New Mexico.
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Figure 5. Projected climate change in the 21 century.
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NARCCAP Gila Basin: 215 Century change
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Large projected decrease in mean winter snowpack
... especially where temperature is barely cold enough for snow

Diminished snowpack also melts earlier in the year
... hence earlier timing of snowmelt runoff peaks in seasonal hydrographs

Figure 6. The big projected change of decreasing snowpack.
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Figure 7. Dynamical projection of Gila gage.
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NM4 Projected Temperature
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Figure 8. Projected climate change.
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Figure 9. Projected climate change (cont.).
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NM4 Jan-Apr Temperature plotted against Dec-Jun flow
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Figure 10. Statistical projection of the Gila gage during runoff season.
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Figure 11. Future of low flows in the upper Gila basin.
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July: Little change in average or low flows; highest flows increase

Figure 13. July streamflow.
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Figure 14. Predictors of observed low-flow monthly streamflow.
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Figure 15. Low-flow months: observed precipitation variability.

1) Big projected temperature change
(continuation of observed trend)

2) ~5-10% projected decreasein
Upper Gila River snowmelt runoff
(2021-2050) due to climate change

.. relativeto ~30% decadal variabhility
due to natural precip fluctuations

3) Lowest flows and principal low-flow season changes projected in June
Uncertain mean change in July, with higher variability

4) We can derive these results using multiple, complementary techniques
- combining observations, dynamical and statistical models

5) Whatabout other rivers in NM? .... Shaleene Chavarria's poster re URG
\\ws‘ e e,
UNM students: John Carilli, Jon Lewis, Justin 0'Shea 9\\\“ Sx 2
Thanks! NM Interstate Stream Commission
US Bureau of Reclamation, The Nature Conservancy

Interstate $iream Commissisn

Figure 16. Climate change and the Upper Gila River.
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La Nina now strengthening
in the tropical Pacific
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Figure 17. La Nifia now strengthening in the tropical pacific.
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Summary of principal results

Climate change Garfinet al. (2014)
Confidence Change
(my assessment) by 2041-2070
Temperature A high 3-4°C/century
Snowpack ¥ high not shown, but huge decrease
Precipitation total ¥ low highly variable
Precipitationvariability 4 medium more extreme events
Streamflow change
Confidence Change
(my assessment) by 2041-2070
Spring flow total W high
| 6-19% decrease annual flow
Summer flow total W low
Earlier Spring runoff high
Short-term peak flows A medium ~10% increase of upper 10%

Figure 18. Summary of principal results.
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In observations, monthly mean flows represent
extreme daily flows quite well

Figure 19. Monthly mean v. extreme flow.
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Essentially the tail end of the
showmelt runoff season

- Effect of warmer temps is
likely to be pronounced

- Low flows likely to decrease
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The upper Gila hydrologic system
resets with monsoon onset

- Uncertain changes in average flows or
total precipitation

- Some evidence for increase in high flows

Figure 20. Future of low-flows in the upper Gila basin.
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.... controlled by increases in precipitation
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Timing of snowmelt runoff has
shifted ~2 weeks earlier, due to
warmer Spring temperatures

Figure 21. Evidence for projected changes in observed flow.
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Figure 22. Observed evidence for decreasing flows in June.
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Figure 23. Predictors of simulated low-flow monthly streamflow.
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(a) Change in average surface temperature (1986-2005 to 2081-2100)
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Figure 24. Projected 21 Century Changes.
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Figure 25. Projected streamflow changes North America.
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* Coupled models for the
atmosphere and ocean

*  Simplified land surface
model (interactive snow/ice,
prescribed soil & veg)

* Relatively coarse horizontal
resolution (~100 km)
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(Latitude-Longitude)

Vertical Grid
(Height or Pressure)

LT

Conservation Equations for
Energy, Mass, Momentum

Wikipedia

Figure 26. Global climate model.
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Figure 27. Projection of future global temperature change assuming that GHG increases are the

dominant forcing.
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Observed Climate Variability

Jan-Aprtemperature has
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past half-century
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Figure 28. Observed climate variability during runoff season.
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Figure 29. Observed streamflow variability in Upper Gila.
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Figure 30. Gila gage at Upper Gila River.
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Figure 31. Projected 21* century changes.
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Persistence of low flow months: May to Jun to Jul
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Most models capture
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current climate;
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further in future climate
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Models couple streamflow
and concurrent precipitation
too strongly

This could reflect problems
with the precip data!

Figure 32. Month-to-month persistence of flow.
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Figure 33. Garfin and others principal results: climate change.
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- General conclusion: Decreasing future flows on the Upper Gila River

Plan for: Significant decrease in average melt season flow
.... superimposed on larger natural climatic variability

Uncertainchange in average Summer flows

Increase in flow extrema associated with intense storms

Figure 34. Conclusions: TNC Chapter 3 “Climate and Hydrology of the Upper Gila Basin.”
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