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* Glacier-permafrost-hydrology interactions

* Ice wedge polygon & watershed hydrology
* Hydrology model developments



Permafrost & glaciers— what are their role in

controlllng Interlor Alaska watershed hydrology?
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Runoff in the Upper Susitna basin:
Planning for the Susitna Hydropower Dam
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Combining field measurements & hydrologic modeling
|

¥ N

£ 1s000" 17000W 150°00"W 130°0°0"W
s
e N
z
. s
i e o
- - R
4
z |
g 4 ‘
4 —%
3 - £
o
o\ L H
- ) 8

60°0'0'N
O

62°30'0"N
1

- z
- s
n L =
& g g ]

£ {07 % watana Dam !
B ) Upper Susting Watershed | Z
B ™ [ Naska 1S
i in
8

160°0'0"W 150°0'0"W 140°0'0"W

149°0'0"W

148°0'0"W 147°0'0"W

O S s KM
0 125 25 50 75 100

5 CRSEXTS) e
".cl Vood ¥

| i

o
o]
5]
]
9]

. USGS/NWS river discharge

G AISET
Watana Dam
Temp, RH, Repeater
Temp, RH, Precip
Temp, RH, Precip, Wind
Ablation stakes

Ablation stakes, Temp, RH




WaSiM
Water balance Simulation Model

| ) 3D groundwater confined & unconfined, overland flow (kinematic

wave approach with stepwise constant parameters).

2) 1D soil heat transfer module with conduction, advection and phase

change (Daanen and Nieber, 2009).

3) Penman-Monteith multi-layered vegetation parameterization scheme
coupled to Richards equation. Moss evaporation from the top soil layer.

' 4) Dynamic glacier module, glacier can shrink/grow, incl. debris cover.

' 5) Parallel programmed (OpenMP, experimental MPI version).



Preliminary results (calibration phase): Glacier melt 10-30% of runoff

Modeled mean annual runoff = 993 mm
Modeled mean annual glacier runoff = 287 mm
Susitna River near Denali iy .. glacier runoff:
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Soil heat transfer modeling: Preliminary results

149°00°W 148°0'0"'W 147°0'0"W 146°00"W  149°00°W 148°00"W 147°00"W 146°00"W Soil Tem peratu re Profiles
N N
Z z Z =z Soil Temperature [deg C]
:| 1982-1983 Ale E Az ptemperaureldes ™
:? 3 EB °8 | | | | 1
0.1 ;
e g & £ °3
2 8 3 2 E
10 3
z z zZ = ;
2] s 5 5 3
- 3 8- B3 =
8 § 8 & 3
20 =
Min Temp=-10,3 °C Min Temp= -10,37 °C TN N T
Max Temp = -2,21 °C Max Temp = 1,37 °C e [ S
Air Temperature °C Surface Temperature °C T
R TP PG ICICICICIN 2249 10 0 30 50 96 0 36 0 6 o |
OO0 9 9 W 9 99 9 AT 9 0 909 9 e RS o B
\Q‘P Y AY Y Byt X ;\?‘9‘? SO \Q‘P P AY T Oy g X I\?‘,Q?‘ SN

GIPL2 Profile
Bedrock

Silt Loam Shrub
sandy Loam Shrub \\ 50 m
Silt Loam Coniferous




Future work in Susitna

-Finish calibration of glacier melt and |
50 m soil temperature profile |

|

|

|

|

|

' - Continue and expand monitoring
' network

|

' - Validate simulations on 2012 and
' future data

:
|

- Future projections

Glacier and debris coverage, Upper Susitna
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Modeling the eftects of climate
change on US Army training lands:

CPCRVV as the test basin
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Gridded Surface Subsurface
Hydrologic Analysis (GSSHA)

Surface Water hydrology  surface Water/Groundwater Surface water quality and
Interaction TMDL's

Middle Creek Watershed Overland Flow RDX

chEbbEb ol

Sediment Management

Contaminant fate/transport
in surface water and
groundwater and related
health risk assessment

Watershed Modeling and Management

Downer, C. W. Identification and Modeling of Important Stream Flow Producing
Processes in Watersheds, PhD Dissertation, University of Connecticut, 2002.



30
20
o 10 Active Layer
S
X Depth
@ o=
= qi IS N Q) N\ o N N~ n -/~ ma wn
= RS O PN N ST R RN
2-10— — = =N AN ™o gqmmmwmwmr\r\
g GIPL
£ ) e at 0.1 meters depth Air temperature
|°_" -30 3t 1.5 meters depth
' 20 = at 5 meters depth T eC 4T
Air temperature
-50 sr—— \\
ime (hours
<€ > i
1yr /
15~~~ -~ - T T3~ - - - - ---=-=-=-=-=-=== [
Future work:
{

i -Testing GSSHA-GIPL on i
 CPCRW oo

Linking GSSHA with GIPL

Charles Downer

Nawa Pradhan
Sergei Marchenko

Frecip, run-on | 4ET @Eﬁ
PITPRNTI, 4 |
’ . -
Saturated W Soil moisture for
— . each layer
Frozen G I PL
Airtemperature
-T 0°c +T
3
]
/
Precip\tat\onl
Snowpack Y
Run-on — — helt, Runoff
Frozen
Saturated
— —
Active
Frozen layer depth




Water balance of Arctic wetlands with
differing ice Wedge polygon type
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Variations in surface and frost tables

Low centered polygon Low centered polygon
with trough limited trough
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Slmllar total SWE but dlffermg spatial variability

100 1}

oo
o
]

(@)
o

H
o

Snow depth (cm)

N
o

0 100 200 300 400 500

Distance (m)



Model experiment: The large snow accumulation
in troughs favors runoff
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Future efforts in Barrow

Continue water level, frost table and snow surveys
Measure surface runoff and subsurface flows

WaSiM developments

1D soil heat transfer

Dynamic glacier and debris cover v
2D soil heat transfer...
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Thank You




Developirllgg solutions — Snow accumulation measurements
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Land cover n-factors
Water 1 1
Glacier/Snow 0.5 0
Barren Land 1.2 2
Deciduous Forest 1 0.5
Coniferous Forest 0.5 0.5
Mixed Forest 0.5 0.5
Shrub 0.5 0.7
Tundra 0.9 0.9
Wetlands 0.6 1.5




