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Problem

Climate and hydrelegic medels
predict changesiin climate (Warmer
springe) Will-resultrarim snewmeltim
the Sierra Nevada eceurimgreardier
andiwWith Increasing spatial \araniiy;
(We: can see |t teday)

\arianiliy mrselar radiatieneading
caused by topegraphic shiading nas
a greater impact eon the varmaniity, el
snewmelt When it ecculrs earierin
the season

Can We refine ouir simpile: snew: meli
moedels;, Whilch are: hased omn ai
lemperature; By Incerperating the
influence off radiation and sl keep it
Siimplie?




Snowmelt in the Sierras

(an Interesting twist)

o e enset and amount oiff run o
frem springtime: snewmelt Isnrt
Just a function; ofi Snewpack

I fall- eif 20017 snew el an airy,
soells and the availanlerseifwater
sterage may have previded a
delay, andleven a less e sprng
Streamiflows

Current solll meisture menitering
and modeling may. help addiress
this Issue




Showmelt In the Sierras
Outline

Soll meisture moeniterng ana
modeling

Snow melt menitering anad
modeling

Tripoed LIDAR sRewW Water
equivalent measurements at
Conway: Sumimit

Climate change!: s here: Euture
Work




Yosemite National Park




Dana SWE

m Gin SWE
—e— TGC flow

Snow water equivalent, inches
Discharge, cfs

4/11/2007 5/31/2007 7/20/2007

Dana SWE
m Gin SWE
—e— TGC flow

Snow water equivalent, inches
Discharge, cfs

1/1/2008 2/20/2008 4/10/2008 5/30/2008 7/19/2008




Undersianding
SNOW! POCESSES

Components ol the
\Water Balance

"Precipiiauien
=Howimueh
=R (SHew/iaim)
=SHOWPACK
=Sulimatien
=\elt
=Sollfmoersture
"Draimagennterunderdying
pPedreck
= =lew: Path
" KEeye Knewing Wihatis
Nappening




Infiltration/Drainage intor Bedreck Under Snew
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IR shallow:solls Under

SpeW, Infltrationtinte

pedrockis Inluenced

Sell sterageranad
Whether soliis
freZen

Shewmelt ratevs,
PEdECK CoNdUCHNVILY,

PIOPENLIES O}
fractures and
fracturesinis Wetting
frent peLteRual o
pPEedrock mathix

Underponded
conditiens; dirainage
shieuldrequalsok
pedreck permeaiiy;




VW ater content:

2 ime Bomain

WWaterspotential:

IHEat [DISsipation
PIOE
(FHDP)
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cJemperature (C)
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etric Water Content

PliNVieIStbiE
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SollYWater Poetential

o 4inch = 14 inch: 21 inch 31 inch
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Gl Fleit S0l Wetiar Corjiap)i ciplel Siteiie cii Faltirne =it 6C
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Pzirlel Soll Welide Coprigp)t ciglel Sitzieje it Fuoltpme e GC

—~ 4 inch = 14 inch = 21 inch; 31 inch - Stage TGC
0.60 18

\Water Content
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Pzirlel Soll Weligr Conienlt ciglel Sitcieje cit Fuofipne it GC
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Elagcirica| Cogelueiivity zsircl Disanzire)e

Tuolumne at Grand Canyon

Electrical Conductivity
= N O8] N a1 [o2]
o o o o o o o

1500 2000

Discharge

< Partial WY2008

=== Total
e (|d Water

Discharge, cfs .
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Soil Sterage




Snow melt water
availakle fer stream
ilow: alter rewetting| (toe
fiield capacity)
completely dry soil
during snewmellt

SWE

(mm)




Percentage of SWE
lost to soll sterage
during snewmelt in
a year with dry
preceding fiall

Tuelumne
Vierced
SaniJoaquin
Kings
Kaweah

Loss of S V\fEf: — g’ /

forrunoff <L




Soll water sunymary.

‘ o ActiVe hyadrelogic procCesseESs
|  OcceuUring akeve and elew.
SNOW. pack

o [here areveny similan
ProCESSES NapPEnING ak VenRy/

different locations

o Knowing seilmeistlure stails
PO 1ol melt may Belnpoltanit
for time andf anmoeunt o
streamifilew,




huelumne Basin

\/ariable Onset ofi Spring
Snewmelt

b—aonset of spring

standard deviation from mean

igh water due
lolee jams  jnitial rise at
Budd and Dana

Merced Basin

Merced R at Pohono

—initial rige at Ireland

standard dewviation from mean

Aprin May 1

FiG. 6. Spring onset as measured by standard deviations from
::7 the mean stage at a subset of Tuolumne River subbasins for (a)
2002 and (by 2004, In 2002, spring onset was synchronous at all
gauged locations. In 2004, most streams began rising on or before
8 March. Budd Creek and the Dana Fork above Gaylor Creek
began rising 16 March, and Ireland Creek began flowing 5 April.
Depths more than two std devs above the mean immediately fol-
lowing the spring onset are associated with ice dams and do not
represent actual discharge amounts.

Monthly Discharge, cfs




Objective

e [Downscaleraregionalwater s
palance modeltorsouthE Sieliia
Dasins

— |ACONpPeNalE PrOCESSES alia scaler gl
allews fer thermore detaiedinfilence
Off tepegaphIc shadinelant changes
I selarfradiatienead (27 0mier20m
Ol SOm)iier CUeRt climaie

— Vienthly terdanly (Withrhe Uiy radizaiien)

* Refine modelto corect
Streamiiew: prediciions: i account
for radiaten

— Simple as SHeW-L7- butwithrtihe
added radiateRiermi(asiair
[emperature ennancement)




Recharge and RUnoiif

Basin Characterization Model(BEM)
— run iR EORIRAN
— Uses grid=based data

— calculates in=place recharger o generated
runoefi

Potential evapotranspiration (Prestiey=
Jraylor)

— hourly selar radiation medeled using
topographic shading andl clotidiness

— vegetation density,
Shoew accumulation and melt based onr NWS
Shew~— 17 Model

Soills (STATISGO): hydratlic properties and
depth determine soil sterage

Geollogy is Used to) estimate Bedrock
permeapility,

Precipitation; and aif temperatuire s




Average Annual Recharge
Ve T e ¥ TR

el -

»

e £
7 ; ’

7
]

100 - 200
200 - 500 I _

2400) - 500 : : 1 <200
500~ 730 : 01 1200 - 500

759 - 1,200 ; j L1500 -1,595
SNIZ00 -.




Solar Radiation
(March 1 — April 1)
Steep north-facing slepes show:an

ncrease In radiatien off Upter 95
percent

\Viost slopes have a 25-50 percent
[ncrease In radiation

Steep seuth-facing slopesihave: a
reduction in radiation

-95 - -73
-73 - -60
-60 - -50
-50)- -43

43 - -3 Selar

= radiation
-32 - -28

-28 - -25 (Percent change)
-25,- -22
2201y
-17 - -12
-12 - 28



Work In Pregress

Refiming BENtera danly time steprand
adding radiation fuRcLon te) sewmelt
moedule

Calllbrate dany med el ter SHeW: COVE;
and SWE frenm VOIS andiiemhinped
LIDAR

Calibrate dany medelfternighrcouminm,
el measurements and teial asin
dischiarge Lo, 5 ESENVeINS

Incorperate selmorstulermoedel and
daily’ evapetranspiraien

[Dewnsecaling futlye climate SCENaios
10, BN scale (27 0Emiis: Completeion;
GEDL-AZ} 8i10) ger at this scaletiorus)




Preliminary
Snow Medeling
Dailly

I VODIS snow cover:

Snowpack Depth

(mm)

- oo
1-10
10- 25

B 25-50

B 50100

B 100 - 250

250)- 500
500- 750
7501-900
900)- 1,000
1,000)- 1,150
1,150)- 1,250




Spatial
Distribution of
Station Data

- Correlating
deterministic data to
elevation improves the
spatial distribution ofi
sparse data such as air:
temperature and

precipitation

Gradient-inverse—
distance-squared

regression technigue

develops eguations, fior: |
every day with: all bl
available data using AN
station data, elevation, E
location (distance

petween stations)

)
Low : -84




Spatial
Distribution of

Precipitation
- Daily’ gradient-inverse—

distance-squared
regressions are
conditioned! by monthly
PRISMI data to provide
more information on
spatiall structure of
precipitation between
stations

Models that accumulate
Snow. correctly and as
important as models
that melt snow

Both precipitation; and
alr temperature
distribution necessary:
(radiation is predictable)
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~Change:
1)
deptn

Januarny 10; Z200& STTEWEIEVAL@IT



January: 10, 2008 SheW Elevalion




January 10; 2008 Snoew: Depti
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March 3d., 2008

Snow Water;
Eguivalent




April 21, 2008

Snow Water;
Eguivalent




May 20}, 2008

Snow Water;
Equivalent




Mean SWE per 30-m grid cell

< No. slope > < So. slope
W January 10, 2008
B March 31, 2008
O April 21, 2008

@ May 20, 2008
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NASA JPL Plane-based InSAR

YsAi

- Yuluiaititad Adral Yeiiels Syutisis Ausrtury ity

Data: Images
UAVSAR polarimetric image

Mission / Flights
Instrument
Data
Ground Data System
Images
Field Sites
Science
Publications

Contacts




Proposed Pathlines for
NASA UAVSAR Flights

Snowpack NW Uy E‘Snowpack NE_.!#
? %X ".ﬂ?"ﬁq_j Conway = 'T--LiDAR site ' S

ig \ \\ F . ¥
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Testing the Soil/Snowmelt medel using
Chimate Change Scenarios

o State off Caliierniais using feui families” el emission
Scenaries to investigate pessible futune clinate
changes

IPCC Fourth climate assessment provides recent
model simulations

Geophysical Eluid Dynamics Lab (GEDILL); andiNCARS
Parallel Climate Viedel (PCIVI)

— A2 medium:-highl emissiens
— B1: low emissiens




Chimate Change Scenarios

o Climate modelldata at 2.5 degree
resolution were dewnscaled te) 1/8
degree; 12-km using a constiucted
analegues method! by Hidalgoe et al.
(2007)

Tlhese data were further
doewnscaled te 4-km usingia
gradient-imverse-distance-sguared
(GIDS) methoed

Statistical transfermation Wasiused . Az
to ensure that the climate moedel RN | i

andlhisterical data have: similar | pan " 1 .. pAe'rfawre
statisticall properties: the mean and ‘eunpde o, | BME 08 June 2035
Standard deviation ol the b st (©)
measured1970-2000 pernied were - INEEE ¥

8)=10

. 10/=18
Used for corrections compared to —

the 1950-2000 modernn climate A | =
mOdEI " ..._',."--:, 7 ’i N =2

20 =—30
Data was further downscaled to —

2/7/0-m using GIDS for model 5 3346
application L & 36 - 39
/) : 30)-45




Chimate Change Scenarios

o Apply the daily’ dewnscaled maps ol precipiiaon;

minimum: anad maximum: air iemperatreiorthe Siena
Nevada

— Lok for early sprng snew melt
— [Leok for Increase spatial varanility eif sSaewmelt
— |Loek for the eccurience: ofi SnewW! 01 di/ Sells
o Are the oether significant ISSUEs|that amnse as;a

conseguence ofi climate change that weuld

cause us to re-evaluate our soll moersture/snow
melt modeling?
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Upper Tuelumne Basin GEDIE A2
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Upper Tuelumne Basin GEDIL A2

Tuolumne River, California
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Summany.

Antecedent soll meisture may have: a lielein precicling
SprNg runoff

— Euture climate model would stiggest latesiall raim
ather than Snew due! te IncreasedWarmming may,
reduce the significance of thisyissue

Increased warming may: leadi e early spew melt
making varahle radiation leads Contipuie: moere: io
variaple snow: melt

TLidar and UVASAR may: previde: a new Way: o de
detailed snow melt suiveys and g elevaton/emote
Surveys

Euture climate change Is here and testing eurmedel
and the hydrelegic system willfprevideus insightand
SCenarios fior management evallauoen




