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EXECUTIVE SUMMARY

Glaciers are excellent reservoirs because they serve to moderate variations in runoff and
supply reliable flow during drought periods. There therefore needsaalear understanding of
the influence of glacier runoff at both the basin and catchment scale. This study investigates the
contribution of glacier melt to the upper Middle Fork Hood River catchment (5G6dtmihe
northeast flanks of Mount Hood OregoBischarge measurements and isotope samples were
used to calculate glacier meltwater contributions to the entire catchment, which feeds into a major
diversion used for farmland irrigation. Data was primarily collected in Aug8stptember of
2007 becauwsthis is a period of little rain and suspected high glacier melt contributions.
Discharge measurements taken at the termini of the Coe and Eliot Glaciers indicate a contribution
of 40% of the entire catchmentOs runoff between August 10 and Septersmopic analyses,
which include the inputs of all other glacier surfaces in the catchment, show a total glacier
contribution of 62D74% of catchment discharge at a given time. The Snowmelt Runoff Model
(SRM) was calibrated using the 2007 discharge dbctir quantify Augusb September glacier
runoff in the Middle Fork catchment under a variety of scenarios. SRM simulations indicate that
runoff from the catchment glaciers are highly sensitive to changes in glacial areacdebris
and air temperatuse The decrease in discharge due to glacier recession is measured to be higher
than the effect of forecasted temperature increases, implying that annual glacier runoff is
decreasing over time. Applying current glacier recession rates and a 2;{C tempferaincg the
model predicts a decrease of 31.3% of late summer glacier runoff by 2059, most of which is lost
in August. This study suggests that glaciers currently play a significant hydrological role in the
upper catchments of the Hood River Basin tin&@ when water is needed most, and that these
contributions will diminish over timeComplete results are available in PhillippeOs Masters thesis.

PROJECT DESCRIPTION AND RESULTS:

The objectives of this work were to determine if glacier meltwater makgm#icant
contribution to streamflow in the Upper Middle Fork Hood River and hdure glacier melt
contributionsmight change on timescales of-B0 years.

Mount Hood, the stunning, glacieapped stratovolcano that is OregonOs highest peak, is also the
sole source of summer streamflow for the acclaimed agricultural Hood River Valley to the



northeast. Five irrigation districts along the East, Middle, and Weais of the Hood River rely

on late summer snow and ice melt from six glaciers, along with reservoir storage of winter rains,
to meet heavy water demands during the dry summer months,mdiitéaining sufficient

instream flows and cool water temperatufer threatened fish. However, recent studies

document that Mount HoodOs glaciers, crucial to the water supply of the region, have decreased
as much as 61% over the past century (Lillquist and Walker, 2008).this study, there were

no monitoring progamsto provide measurements of the contributions of Mt. Hood glaciers to
streamflow, and therefore, no way to estimate the potential impact of their loss in the face of
climate change scenariokocated on the north side bdfount Hood, Oregorthe MiddleFork

Hood Riverdrains into themain stem of thé&lood River, whichthenflows into the Columbia

River, and eventually into the Pacific Oce@he Uoper Middle Fork catchmeihtas an area of

50.6 knf and glaciers cover about 6.8% of that afidee catchmentonsists of foucreeks that

drain the north side of Mount Hoodli®&, Coe, Clear and Pinnaclgliot and CoeCreeksare
glacierfed, whereas Clear and Pinnacle rely solely on lingering snowpacks and groundwater
inputs during the summer dry seas@tearand Pinnacle Creeks flow into Laurariceke

Reservoir, which acts asorage and a power supply for the Middle Fork Irrigation District

(MFID). Because Coe and Eliot are more sediniadén, they are diverted directly from the
channel to a settling pondnd after sufficient deposition of clays and silts, the water is pumped
out by the irrigation districDischarge was measured from Jun&éptembeR007 immediately
upstream of the diversions of the four catchment creeks: Eliot, Coe, Pinnacle, andRCieaff,

at the outlet of Coe and Eliot Glaciers was also measured between August and September 2007 to
determine the contribution of flow from the glaciers to the downstream sites. At each site, water
height recordings were made at arifhute time stepsing capacitance stage recorders. To relate
water height to streamflow, discharge and depth measurements were made over a range of flows
during the summer. Eliot glacier is in a narrow drainage and melts into a singlelefiedid

channel. However, Coeayglier is separated into several parts and melts into several channels.
Thus,streamflow monitoring in Coe creek is not an effective estimate of the total glacier
contribution. To remedy this problem, isotopic analyses of glacier andlaoier contributions

to streamflow were performeBor this purpose, water samples were cadldain three occasions
throughout the basin in August, September, and Octbbater samples were collected 5 m
downstream of the Eliot and Coe Glacier termini. Samples were analyzedoatithe Isotope
Ratio Mass Spectrometer Facility at Oregon Stateversity (Corvallis, OR). They were run
through a Finnigan/MAT 252 (dual inlet) and were reported relative to SMOW (Standard Mean
Ocean Water; Craig, $3) with a precision of +0.034 . Modifying the standard equations for a
2-component mixing modeBklash and Farvolden, 1979) glacier melt water replaced new water
in order to solve for the relative proportions of groundwater (old water) and glacieTmelt.
compare meltwater composition with glacier ice, four Eliot glacier ice samples were colledted a
analyzed.



@ Stage Recorder .
[ Spring Sample Mount Hood Summit

Figure 1. Map of the Upper Middle Fork Hood River watershed showing Coe and Eliot
glaciers and the six streamflow measurement sites.
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Figure 2. The Diurnal variation in both glacier Dischargeand Terminal Flow in Eliot
Creek: August 22D27, 2007 (top). The lower histogram delays glacier discharge by 2
hours and 18 minutes to compare hydrograph geometries.

Isotopic analyses show that in the Eliot and Coe catchments, glacier ice is mastcdiepfe,

followed by surfae water and springsGiven the accuracy of isotope reportifg (034 ), the
differences in®0O compositions are significant. The isotope data show that glacier melt can
contribute 76088% of the runoff in Eliot Creek artD ©88% in Coe Creek (table 4.1), totaling

62D 74% of the entire catchmentOs discharge. The isotopic representation of glacier melt is much
higher than that exhibited by the discharge method because the isotopes represent both the Coe
Glacier and all ofts neighboring glacierettes.

To simulate the effects of continued glacier recession on streamflow in the Upper Middle Fork
Hood River, we used a conceptual model that uses air temperature as its primary input. The
Snownelt Runoff Model (SRM, Martinec 1%J is a semidistributed model and requires variable
inputs into specified elevation zones. The basin was divided into eigith@@0 elevation zones
for the Eliot and Coe catchments and five zones for the Compass catc8Rkhtvas calibrated
using the2007 discharge records to quantify AugbSeptember glacier runofeRM



simulations indicate that runoff from the catchment glaciers are highly sensitive to changes in
glacial area, debrisover, and air temperatures. The decrease in discharge daeitr gl

recession is measured to be higher than the effect of forecasted temperature increases, implying
that annual glacier runoff is decreasing over time. Applying current glacier recession rates and a
2iC temperature forcing, the model predicts a decref8&.3% of late summer glacier runoff by
2059, most of which idepletedn August.

Table 1."#$!%&'()*+&,-%!.,/10112!*-310145!,.!  total glacier discharge under different
glacier area scenarios."#$!%&'()*+&,-%!.,/101121*-310145!  67%+&*+738!(-37/1*109:!
o&-<=1

Scenario Total Glacier Decrease in
Discharge (m°) Discharge (%)

2007 Conditions 4.34 x 10m* -

¥ August 2.85 x 16m?®! -

¥ September 1.49 x 16m? -

¥ 9/10-9/29 7.94 x 16m?
2059 Conditions 2.98 x10°m"! 31.3

¥ August 1.78 x 16m3 37.5

¥ September 1.20 x 10m? 19.5

¥ 9/10-9/29 7.08 x 16m? 10.8
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