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_ocated near Deming, WA

Reservation only about 2.2 acres, o -
__but 15,000 acres of trust land.
“Nooksack” translated means “mountain men”
~and/or “fern people.”
Small Tribe, consists of about

2,000 members.
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UROUND - NOOKSACK INDIAN TRIBE

#Point Elliot, the Tribe

f JIvVen ur ;orrﬁrﬁgkwj 0 land,
but not to resources within their

Nooksack and Samish River waterS’hes
From International border south to
Padilla Bay.
720,000 acres of freshwater watersheds.
428 miles of marine shoreline.
Northern Puget Sound.
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Nooksack River
Watershed

Water Temperature Sites
A Effectiveness
A Nonpoint Source Pollution
O status & Trends

Watersheds

- Lower Nooksack Subbasin
Middle Fork Subbasin
North Fork Subbasin
South Fork Subbasin
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BACKGROUND - NOOKSACK INDIAN TRIBE

« Tribe relies on harvestable surpluses of
Pacific salmon for ceremonial, heritage,
subsistence, and commercial uses.

« Salmon are currently and will continue to be
stressed by legacy impacts from land use.

« Climate change impacts will cumulatively add
to legacy impacts of altered stream flows
and temperature.

« Huge efforts are directed towards
in-stream restoration to enhance salmon
recovery in response to legacy impacts.
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» Other watershed res gﬁiion/actions will be
hecessary to ensure persistence and
continued recovery of Pacific salmon. .

« The Trlbe has initiated a climate change
prOJect aimed at evaluating the impacts

i of climate change on the hydrology of
the Nooksack River and salmon survival.
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» Other watershed res g@"tion/actions will be
hecessary to ensure persistence and
continued recovery of Pacific salmon.

- The Tribe has initiated a climate change
project aimed at evaluating the impacts

i of climate change on the hydrology of
the Nooksack River and salmon survival.

. _is information is needed to plan for
effective habitat restoration measures

that address the addltlonal stresses of
/ future climate: change Wt oo
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Recent Nooksack Salmon
Abundances:

Spawners

1895 Catch

Note: Excludes escapements, tribal

and sattler catches, maring calches

Report detailed catch in pounda

Numbers sstimates based on 121b,

221b, and 121b average size for

coho, chinook, and steelhead,
Coho  Chinook Steelhead  "P¥H™Y

-
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Source: Report of US. commissionsr of Fish and Fisheries, yaar ending June 1866 SF Chinook NE/MVF Chinook Winter Steelhead
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Early Nooksack Salmon
Abundances
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Note: Excludes escapements, tribal
and sattler catches, maring Calches.
Report detailed catch in pounda
Nusmbars estimates based on 121b,
221b, and 121b average size for
coho, chinook, and steelhead,
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WRIA 1 Water Symposiva

Recent Nooksack Salmon
Abundances:

Spawners

SFChinook  NF/MF Chinook Winter Steelhead
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Address Water Resource Management
And Salmon Recovery Issues in WRIA1
of Interest to All Stake Holders.
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Nooksack River

Legacy Impacts:

Huge adverse
impacts on fish



CWA

COMPLIANCE




CWA

COMPLIANCE




CWA

COMPLIANCE




CWA
COMPLIANCE

TREATY
RESOURCES




CWA
COMPLIANCE

TREATY
RESOURCES




CWA
COMPLIANCE

TREATY
RESOURCES




ESA
RECOVERY

TREATY
RESOURCES






IMPACTS: i




IMPACTS: 3

* Increasing air temperatures, 3-4°C




IMPACTS: i

* Increasing air temperatures, 3-4°C
 Changes in annual and seasonal precipitation and types
of precipitation, -10




IMPACTS: i

* Increasing air temperatures, 3-4°C

 Changes in annual and seasonal precipitation and types
of precipitation, -10

* Increased frequency of rain-on-snow events




IMPACTS: 2

* Increasing air temperatures, 3-4°C

 Changes in annual and seasonal precipitation and types
of precipitation, -10%

* Increased frequency of rain-on-snow events

* Declining snow packs, -40%




IMPACTS: 3

* Increasing air temperatures, 3-4°C

 Changes in annual and seasonal precipitation and types
of precipitation, -10%

* Increased frequency of rain-on-snow events

* Declining snow packs, -40%
* Depth | |




IMPACTS: i

* Increasing air temperatures, 3-4°C

 Changes in annual and seasonal precipitation and types
of precipitation, -10%

* Increased frequency of rain-on-snow events

* Declining snow packs, -40%
* Depth | |




IMPACTS: 5

* Increasing air temperatures, 3-4°C

 Changes in annual and seasonal precipitation and types
of precipitation, -10%

* Increased frequency of rain-on-snow events

* Declining snow packs, -40%
* Depth |

* +30% in winter

Narrower hydrograph base

— J




Source: http://warm.atmos.washington.edu/2860/

Projected Changes: Nooksack

combined flow (in): snow water equivalent (in).
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IMPACTS: 3

 Change in sediment loading and transport dynamics,
likely an increase.
* Increasing summer water temperatures, 2-3° C




Average Temperature (deg C)
Scenario: hadgem1_A1B (high impact scenario)

Historical
e 20205

2040s
e 20805

7° Cincrease

South Fork Nooksack River

Jan Feb Mar Apr ~ May  Jun Jul Aug  Sep Oct Nov  Dec

Tetra Tech 2014
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IMPACTS: i

 Change in sediment loading and transport dynamics,
likely an increase.

* Increasing summer water temperatures, 2-3° C

* Decreasing spring water temperatures

* On top of legacy impacts, which are likely of greater

magnitude than cllmate change impacts
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Altered hydrology:

e Glacier ablation
* Altered snow accumulation/melt
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Altered hydrology:

* Glacier ablation
* Altered snow accumulation/melt
* Altered hydrographs

* Altered precipitation dynamics

e Altered sediment dynamics
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* Altered channel mory
*_ ¢ Infrastructure damage
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« Al Ilfestages of the nine species of Pauflc salmon

will be adversely impacted
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. OIGEPIOT the system
necessary to plan salmon habitat'r ’tg_réiion.




« An effective assessment of hydiol ./.e t e system
necessary to plan salmon habitatre torétlon

* Climate change will result in changes to that hydrology. \\‘ .«
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* Climate change will result in changes to that hydrology. \\ :
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* An effectlve restora’tlon program needs to be'modified in
’order to address the altered hydrology.










restoration actions inGlU@EF™  *
* Reconnection of floodplains

*.. Relocation of'fleod control begms, dikes, and
tra.nsg*p‘brtation structtires
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restoration actions inClUGES

. Reconnection of floodplains

) Relocatlb'n off ood control begms, dikes, and g =
tran"l"" ortation structlires

L 3

. Vertlcal reconnection, e.g., hyporheic flow
' and GW input >
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. Reconnection of floodplains

) Relocatlb'n off ood control begms, dikes, and g =
tran"l"" ortation structlires

L 3

. Vertlcal reconnection, e.g., hyporheic flow
' and GW input >
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. Reconnection of floodplains

) Relocatlb'n off ood control begms, dikes, and g =
tran"l"" ortation structlires

L 3

. Vertlcal reconnection, e.g., hyporheic flow
' and GW input




* Most of these effective medst ne ad to address
altered hydrology due to climate thange to be
effective in the future.
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Nooksack River Watershed

Mt. Shuksan

Whatcom County

Skagit County
Watersheds

" | Lower Nooksack Subbasin

Middle Fork Subbasin

North Fork Subbasin

0 ) 10 20 Miles
| ! ! l | | | | | South Fork Subbasin




Middle Fork

Marmot Ridge

North Fork

South Fork

40m

Skagit akn

(source: http://glaciers.geos.pdx.edu/).
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Nooksack River Basin

* North Fork- 727 km? -glacier area 23.9 km?

Substantial glacier area-Coleman, Roosevelt, Mazama, Heliotrope, Sholes,
Hadley, Bastille

* Middle Fork-190 km?-glacier area 6.7 km?

Moderate glacier area- Deming, Thunder, Twin Sisters

* South Fork —272 km? -glacier area 0.1 km?

Minimal Glacier area and lower mean elevation




































Glacier and Snow Areal Extent

August 4 September 12
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conclusion of Little Ice Age about 189C
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Substantial recession on all glaciers ffom
conclusion of Lit JeJcef—gat'ff' £ 1890
- * 1000 to 16C }.ng ssion Lﬁ\,.,_iéy%gﬁCIers since v‘
**jjj 0 OO ft recession of hanging glaciers
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Substantial recession on all glaciers ffgm

conclusion c JIH tle Ice Age about 1890 e

-+ 1000 to 16C }quyg sslon OfT Ve _,iéy%g;auers since _‘
[0 | OO ft recession of hanging glaciers

ey /x,‘fw“»é#

Stea rJ y decline -flaigr.-—emggks’ balance
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Substantial recession on all glaciers rfrom
conclusion of Little Ice Age about 1890
* 1000 to 1600 ft recession of val lley glacic
197 i

58 OO ft recession of hanging glaciers

**'J ffvsﬂ‘/ decline.in la@grwmass balance

1 in glacier area since 1984

« Trends will continue
* Most low to mid-elevation glaciers will disappear
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» Glacier melt has minor diurnal fluctuation ot flow

* Snow melt has greater diurnal flu r‘l"r‘t) rngy
26 percent decrease in summ ﬂows In

Noksaek'Rlver since 1963

mperatures have risen approximately 0.9
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» Glacier melt has minor diurnal fluctuation of flow
* Snow melt has great er diurnal fluctuation of flow
* 26 percent decrease in summe ﬂows In
Noeks«ack’Rlver since 1963
mperatures have risen approximately 0.9

egrees C sin ‘"oow g |
% s B RO S e R oo L

It 1 Jimrurtmr‘ for ate s ummer flow and

* 50- 60% of North Fork mean August discharge
e Conditions in the North Fork and Middle Fork will
be similar to those currently of the South Fork
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Heliotrope Glacier




7220 2240 7220

Hellotrope‘r}?
Hadley 3380 3890 510 3890
Bastile 5580 6020 440 6020

Average Recession = 6683 feet
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n CWA 303(d) list.
is salmon survival and habitat.
1d EPA in August 2011







% =1 = | I AARlZES R DTV
South Fork NOOKSaGi BIVEY




: FJ( o F e ‘_|(l(vt/"-’ ctle TIivjeyf
1 FOTEC INOOKSA GRS




NOOKSatK RIVEY:

P

pand /%
>  Legacy impacts



Legacy |mpacts.,‘
> Cllmate change "




Legacy |mpacts
Cllmate change
Rgasonabl natural co




Legacy Impacts
Climate change
Reagonable natural conditio




o}

cesses W

pro

nca

ter

C

\




| ¢ t oF - ‘E | ) B i
{ J iy CJ EJ<J{\J ] Q:J{ PS J/i:f;

NACC

€55C



~.l s i A\l F"'f A} 4‘:‘ [
LT FOIN J‘JUQJ{;»:}‘;J{ INJATACT s



C

South Fork NOOKSaGKIIVEY;

JJ‘J',’,{J”" opinion, the tampa—-lr,lcure"ﬂ"/}iﬂ ‘ 1 not be as useful of a
JJIIJ ate

. Compllcated set of crlterla base 5
season, location.



Implications of Natural Conditions:




Implications of Natural Conditions:

Outcome or TVMIDIMighly, dependent sumptionsimadeiorithe

LI Y - . . 1 =77 o
modeled “natural conditions”, 0rfssystem potenti




Implications of Natural Conditions:

* Outcome or TMDIMiighly, dependent assUmptionsimadeiorthe
0 n =~ & - o o 7 ~7) ~d
modeled “natural conditions”, orsssystem potenti

Gonditions present prior.to the pollution problem.




Implications of Natural Conditions:

* Outcome or TMDIMiighly, dependent assUmptionsimadeiorthe
0 n =~ & - o o 7 ~7) ~d
modeled “natural conditions”, orsssystem potenti

Gonditions present prior.to the pollution problem.

e 1"
il

«
=9

ax conditions.




Implications of Natural Conditions:

* Outcome or TMDIMiighly, dependent assUmptionsimadeiorthe
i — = o L 7)) B o~ : )
modeled “natural conditions”, orissystem potential

sonditions present prior,to the poliution problem.

~Climax conditions.

’,

* TMDL assumptions not consistent' with the Tribe’s understanding ot

natural conditions.




Implications of Natural Conditions:

* Outcome or TMDIMiighly, dependent assumptions'madeifor.the
modeled “natural conditions”, orsssystem potentialts

Gonditions present prior.to the pollution problem.
) B

o

~Climax conditions.

* TMDL assumptions not consistent' with the Tribe’s understanding ot
natural conditions

U(.r%]':’il ’émperatureé under naturalco




Implications of Natural Conditions:

* Outcome or TMDIMiighly, dependent assumptions'madeifor.the
modeled “natural conditions”, orsssystem potentialts

sonditions present prior,to the poliution problem.

~Climax conditions.

* TMDL EJSSIJMJ;)P]MSJJD'F consistent'with the Tribe's understanding ot

natural conditions

- i U(.r%]':’il tlemperature under. natural'cc

* This is particularlyin

is applied.

"




Implications of Natural Conditions:

* Outcome or TMDIMiighly, dependent "assumptionsimadefor, the
nodeled “natural conditions™; orfssystem potentials

sonditions present prior,to the poliution problem.

~Climax conditions

DL assumptions not consistent with the Tribe's understanding’of

natural conditions

modeled temperature.under naturalco

s based on the assumptio

This is particularly im
is applied.

modeled temperature regime.
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Implications of Natural Conditions:

* A possiple interprétation o1 tnistincc S that there is r

nperature issue.

L

huge implications on salmon recovery and restoration planning




Condition Average Maximum Stream

Temperature (deg C)

WQ Criteria 12 16 16

River Reach Headwaters to RM 28 RM 28 to Confluence All Reaches

Original Prediction 17.8 19.6 18.7
Cooler Headwaters (20%) 16.9 19.0 18.0
Natural Channel Geometry 17.2 18.9 18.1

Increased Riparian Tree Height and Buffer 16.7 18.2 17.5

Width

Enhanced Hyporheic Exchange 17.8 19.3 18.6

Combined Natural Parameters 15.1 16.4 15.8

Percent Change -15.2% -16.3% -15.5%
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Climate Change Pilot Research
Project

Project lead by Steve Klein of EPA
ORD, Coxrvallis.
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Climate Change Pilot Research
Project

Project lead by Steve Klein of EPA
ORD, Coxrvallis.

Tetra Tech retained to facilitate
project and conduct the modeling.

Local technical input provided by
Nooksack Indian Tribe.
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Pilot Research Project
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Comparison of QUAL2Kw modeled stream
temperatures, including riparian shading, with and

without climate change for the 2020s, 2040s and
2080s.




Pilot Research Project
- -

Comparison of QUAL2Kw modeled stream
temperatures, including riparian shading, with and
without climate change for the 2020s, 2040s and
2080s.

Responsive to the CWA TMDL Numeric Cold-Water
Temperature WOS.
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Comprehensive analysis of freshwater habitat for
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Pilot Research Project

Qualitative Assessment:

Comprehensive analysis of freshwater habitat for
ESA salmon restoration in the SFNR under climate
change.

Will result in a prioritized list of climate change
adaption strategies that supports salmon restoration
in the SFNR under climate change.
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Pilot Research Project

Together, these Assessments
represent robust and comprehensive

actions to:
1) get to the intent of the standards
2) protect the CWA beneficial uses
(salmon habitat) AND

3) facilitate meeting ESA recovery
goals under climate change.
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Characterize existing conditions.

Assess impacts of climate change on
species, life form, and location.
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Characterize existing conditions.
Assess impacts of climate change on
species, life form, and location.
Review existing fish habitat
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Qualitative Assessment

Characterize existing conditions.
Assess impacts of climate change on
species, life form, and location.
Review existing fish habitat
restoration tools and plans.

Re-prioritize strategies based on tools
that are the most robust in the face of
climate change.



Qualitative Assessment

Apply the methods of Beechie et al.
(2012) to review and re-prioritize
restoration actions.
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Conduct workshops to inform agency
and stake-holder groups.
Review existing information related to

watershed condition, riparian
shading, channel characteristics.



Pilot Research Project

Conduct workshops to inform agency
and stake-holder groups.

Review existing information related to
watershed condition, riparian
shading, channel characteristics.

Solicit feedback from knowledgeable
technical staff.



Beechie et al. (2012)

“RESTORING SALMON HABITAT FOR
A CHANGING CLIMATE”

T. BEECHIE, H. IMAKI, ]. GREENE, A.WADE, H.WU, G. PESS, P.
RONI, J. KIMBALL, J. STANFORD, P. KIFFNEY AND N. MANTUA



Do climate change predictions
alter restoration plans?

e What habitat factors limit salmon recovery?
e What are local predicted climate change effects?

¢ Do proposed restoration actions reduce climate

change effects?

e Do proposed restoration actions increase habitat

diversity or ecosystem resilience?




Ability of Restoration Actions To

Ameliorate Climate Changre Effects

Py Py A > S
8o 8m o & o a @
53 30 93 s £8 wo ¢ Y | Positive Effect
JQ SS9 g3 == 37 e £® 0g
) = ®©a 5 @ oM 2. T n o~
Q5 89T 535 20 o= To F=
Evpected climate 55 =% 22 g a8 <5 ~ 3
Xpecied Climaie <o < = L Y 3. 3 5
P o 8 D 0 0 No Effect
change effect = 3

Increased temperature Context-
dependent
Decreased low flow n Effect

Increased peak flow

Reduced diversity

Source: Workshop Summary, Final Draft Report, May 14, 2013, Restoring Salmon Habitat for
a Changing Climate In the SFNR, Washington. Adapted fpoim Beechie et al 2012.
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Summary on Restoration

Per Beechie et al. (2012), the primary

restoration strategies should address:
Longitudinal connectivity
Floodplain connectivity
Restore incised channel
Revegetate buffer of all streams



Logjam Projects in the South Fork
Nooksack

: Structures
Project Name : Year Completed
Monitored
Van Zandt 15 2010
| Todd Creek 8 2008 -l
| Sygitowicz Cr 7 2010 S WEE
| Kalsbeek 7 2007 7
‘ Acme Chinook 5 2010
‘ Low Hutchinson 6 2006
‘ Nesset Reach 8 2008
| Skookum 3 2010
‘ Fobes Creek 14 2010
‘ Larson’s Bridge 6 2001
| River Mile 30 4 2007
|

y

')iz Larson's Bridge e
J Y L \“‘?V‘ » .

LEGEND
X River Mile
@ Logjam Locations
| South Fork Watershed







Source: Lummi Natural Resources
Fobes O Coe: Current SF Strategies
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Log Jams

To date, approximately 100 log jams
installed in the South Fork River

Total cost approximately $7 million.

EL]J create colder temperature refuges
that help fish hold and survive.

Not as effective as other measures
identified previously.
Provides fish with a “bridge’ to when

more effective restoration strategies
can be implemented.
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