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Introduction section.
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U.S. Forest Service Research, Boise Aquatic Sciences Lab, located in the Idaho Water Center. Focus on fish and watershed research.
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Boise Lab Stream Temperature
History

1) Air temperature based model

Generated using sampled bull trout lower
limit locations, air temperature, elevation,
latitude, and longitude

Rieman et al. 2007

Modeled Bull Trout Habitat

Secesh River Basin, Idaho

2) Multiple regression model

Based on observed stream temperature data
and elevation, catchment area, slope, lake
presence, and burn history

Isaak et al. 2009
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Previous modeling work at the lab has lead to the current state of knowledge. The first stream temperature model was based on air temperature. The second model used observed stream temperature and spatial covariates.


®

Boise Lab Stream Temperature
History and NorWeST

3) Spatial statistical model

Used STARS geospatial tools and SSN
statistical package with observed stream
temperatures and spatial and climate
covariates

Isaak et al. 2010

4) NorWeST regional model

Uses the spatial statistical approach with a
massive temperature sensor network and
processing at a landscape scale

http:/Iwww.fs.fed.us/rm/boise/AWAE/projects/NorWeST.html
NorWeST |

aAz Stream Temp
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A third model incorporated spatial statistical tools. The current model is regional in scope and is being used in the NorWeST project.
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NorWeST OVERVIEW
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NorWeST overview section.


NorWeST NorWeST

aAs Stream Temp

1) Regional Temperature Database

2) Modeled Stream Temperatures

Purpose: Conduct climate Extent: Northwest U.S.
vulnerability assessments 350,000 stream km
for aquatic species

California™ =
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The NorWeST project has two components, a regional temperature database and modeled stream temperatures. Both are distributed free of charge. The purpose of the project is to conduct climate vulnerability assessments. The project extent is the NW U.S.



Products

1) Summarized stream
temperature observation
data (database)

A B C D E E G
1 OBSPRED_ID Date DailyMinimum DailyMean  DailyMaximum Mobs Status
2 1 8/1/2008 10.60 12,11 14.10 10 P
3 1 8/2/2008 10.90 12.26 13.70 10 P
4 1 8/3/2008 10.60 11.84 12.50 10 P
) 1 8/4/2008 10.60 11.91 12.90 10 P
6 1 8/5/2008 10.60 12.00 13.70 10 P
7 1 8/a/2008 10.90 12.61 14.40 10 P
8 1 8f7/2008 12.10 13.18 14.10 10 P
9 1 8/8/2008 12.50 13.17 14.40 10 P
10 1 8faf2008 12.10 12.94 14.10 10 P
18k 1 8/10/2008 10.60 12.07 13.30 10 P
4 4 » ¥ | AugustDailySummary ~¥J 4] il | ]

Excel and
ESRI GIS
format

Daily metrics

2) Modeled stream
temperature scenarios

Salmon Basin

ESRI GIS
format

Annual August means
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Two products are available for download: 1) Stream temperature observation data summarized by daily August means. 2) Modeled stream temperature scenarios for individual years from 1993-2011 and 10 year and 19 year averages.


 NHDPIlus Version 1 -

GIS Base Layer

1:100,000 scale stream
lines
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Stream temperatures are modeled in GIS format using NHDPlus streams lines as the base layer.



Modeling Scale

Models are fit and run at the
HUC 3 watershed scale

Results are generated at
approximately 1 km
resolution
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- ) kni . 15.1-27.3
N T L A D B A :



Presenter
Presentation Notes
Models are fit and run at the HUC 3 watershed scale. Results are generated at 1 km intervals along the stream network.


Modeling Approach — Step 1

Collect/Generate Input Data
At every observation location obtain:

1) Stream 2) Nine spatial 3) Two climate
temperature variables (GIS) variables

(dependent) (predictors) (predictors)

Stream flow

Data aggregated from
contributors canopy cover, etc.
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The modeling approach involves three steps. Step one involves collecting the input stream temperature data (dependent variable) and the predictor data (independent variables). The predictor data are spatial variables and climate variables.


Modeling Approach — Step 2
Fit the Model Using the Input Data

At the basin scale,
correlate stream
temperature with the
predictors

Fit the model with:

1) Stream temperature
2) Spatial variables
3) Climate variables
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Step two involves fitting the model at the HUC 3 watershed scale. Spatial statistical tools are used in the process, described later in the presentation.


Modeling Approach — Step 3
Generate Modeled Temperatures

Modeled Stream Temperature

100

Generate modeled

terval

In

stream temperature
output at 1 km
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Modeled temperatures are generated using a multivariate approach with spatial statistical tools that incorporate network awareness.


DATA DETAILS
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Data details section.


Temperature Sensor Network

Observed Temperatures for Modeling and
Distribution

. About 15,000 W
unique stream 25
sites

e 45.000,000
hourly
observations

e Qver 50
contributors

\| Temperature Observat|on g
:.-i'l._‘.‘,_tfr- BEA0 i i J f g _:( F a; P ETE.
AR G
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A temperature sensor network is the foundation for the temperature modeling.


Preprocessing
Observed Temperature Database

FAI™ B |= MorweST_Observedstr = =2

Hor|| Ins¢| Pag | For | Dat | Rev Viel] a @ = ©
¥ (Al [=] =] &l 8 =

- B Font | Alignment| Number| Styles | Cells E- r
| T Y Y @
Clipboard 1 Editi

B12 - S| B/M11/1998 v

A B C D A

1 OBSPRED_ID Date DailyMinmum DailyMean @
2 1 8/1/1998 14.50 14.90
3 1 8/2/1998 14.00 15.00
4 1 8/3/1998 13.70 15.10
5 1 8/4/1998 13.40 15.00
i 1 8/5/1998 *#+sssss 15.40
T 1 8/6/1998 14.50 15.80
8 1 8/7/1998 Empty 15.60
9 1 8/8/1998 12.80 14.30
10 1 8/9/1998 12.60 14.30
11 1 Unknown 13.30 14.70
12 1 8/11/1998 13.40 14.30
13 1 8/12/1998 13.40 14.90

14 1 8/13/1998 13.30 14.80 :
i ¥ %] AugustDailySummary JIO 0 17T
Ready | |[EEIE & 100% (=) [ (+)

Challenge: Ensure consistent formatting
 Many thousands of records

« Thousands of errors and
inconsistencies

« Errors: formatting, temperature,
location

p* {

§
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Data from the observed temperature network comes from a variety of contributors and requires a great deal of preprocessing to identify and correct errors.


Preprocessing
NHDPIlus Stream Lines

Braids and sinks Diversions and inconsistent
flow

N &‘é‘ﬂ‘
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The NHDPlus stream line data also requires a great deal of preprocessing to correct features that will generate errors in the spatial statistical tools.


1 Kilometer Data Model

Stream network divided Each segment is assigned
iInto 1 km segments a point (prediction point)

Y &P

!
v, - g
. (-/ ™~ \?f‘
« Temperature predictions for every line and point

« Facilitates habitat patching
 Points provide spatial bridge to other stream layer sources
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The NHDPlus data are reformatted into a 1 km data model structure.



MODELING
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Modeling section.


L

1) Spatial variables

2) Climate variables
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There are two types of predictors (variables), spatial and climate.


|
)

Spatial Variables
GIS Predictors

e Elevation

« Canopy percent
e Stream gradient
e Precipitation

e Catchment area
e Latitude
 Lake influence
 Base flow index
 Tailwater flag
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List of spatial variables.


Elevation

1592 m

A

Source: 30 m DEM
Elevation extracted at
points

Effect: Negative

Source: National Land
Cover Dataset
Summarized by 1 km
segment

Effect: Negative
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Elevation is derived from DEM data and percent canopy from the NLCD.


Stream Gradient Precipitation

B Atiributes of flowlineatiributesflow | S ites of catchmentattributeste E E@
MINELEVRAW | MAXELEVSMOD MlNELEVSMDE SLOPE ! A oD | COMID* GRlD_CDDE‘ PRECIF 1 TEMP ‘ -
] 54813 55384 5384 0 L 0 23574570 480163 904 14 3449
| 551.26 55384 553384 0 B 1) 23574572 480164 | 840 5867 51.94583
] 5285 72134 H5354 008379 L] 2 23574574 AB80185) 8B0.348 47 2766
[ 72134 76307 72124 004406 L] 3 23574576 480166 904 145 3449
L] TE3.07 214 88 TEA DT 004339 L A1 23574578 AZ0167 | 803 9308 5393316
| 81641 86238 81488 003871 £ 51 23574580 A80168 TE56. 75 S5 9
(] 862.38 99958 86238 005597 L] B 23574582 480169 1164 823 30 26687
] 999 .58 1774 91 999538 013585 L] V23574584 AZ0170) 12548997 231752
i 541 97 553 .84 5384 ] L] g8 23574586 AB0171) 1151 356 24 89498
= ah47 hh5h 42 55384 DD0188 £ 9 23574588 480172 208 5464 42 85244
(] 551.91 553 84 HH3 84 0 ] 100 23574580 A480173 1005 988 234 20018
] 55388 h65 4 AEaBd 02028 L] 11 23574592 480174 TE3 26 63
] 247 98 55384 55384 0 L 12 23574584 480175 1038085 3492178
] 558497 62745 552.84) 0.08567 £ 13 23574596 A80176 977 8203 371352
< 3 [ 14 23574598 480177 90415 3449 v
Record: ﬂﬂﬁjﬂ Shiow: W Selected Recaords (0 nutj Recard: ﬂjliﬂjﬂ Shiow: W Selected Recards (0 ﬂ

« Source: NHDPlus tables
e Reach scale

Effect: Negative
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Stream gradient and precipitation are derived from NHDPlus tables.


Catchment Area
(km?)

Latitude (m)

A\ 233\/

1
\,._/”"’J
7 AP 202 22 /

Increasing

3

[ y

!
1692787.9

1692187.75, + 1692357.59
1691968.62—

1691427.76

Increasing
1690753.59 |

(J ?069945 north

« NHDPIlus reach scale
 Effect: Positive

« Computed for each
prediction point
« [Effect: Negative
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Catchment area is derived from the NHDPlus and latitude is computed using GIS.


Lake Influence

Base Flow Index

6.835
4 f /
6.678
Ry

1.231 6,678
1.231
% cumulative
1.231

i{\/ lake area
2.847 6.858

°~2.847 p

) 2350 4.073 /

8.928

g 7"

« Source: NHDPlus table
derived from NLCD

e NHDPIlus reach scale

 Effect: Positive

Source: USGS, Wolock
(2003)

Acquired for each
prediction point
Effect: Negative
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Percent of cumulative lake area is derived from an NHDPlus table. Base flow index is derived from a USGS layer. 


« Hand coded for each prediction point down to
the watershed outlet
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Prediction points are selected downstream from bottom release reservoirs and coded with a flag value.


Climate Variables

Predictors used to estimate interannual
stream temperature

Air temperature Stream flow

Source: USGS modeled { 3
regional climate data. Source: USGS gaging

stations
Hostetler (2011) : :
Effect: Positive Effect: Negative

Varies by year
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Air temperature is derived from regional climate data. Stream flow is derived from USGS gaging stations. The same single mean value (one for air, one for flow) is applied to every prediction point across the entire production unit to represent the average August climate affect.


Spatial and Climate Variables

N ey Y ©

e 0
1 ] y / ."..

Spatial variables
enable predictions
to vary by location

Climate
variables enable
predictions to
vary by year
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The spatial covariates control predictions among locations and the climate variables control predictions among years.


»

Prediction Points with Spatial and
Climate Variables

® Untitled - ArcMap - Arcinfo

File Edit Yiew Bookmarks Insert Selection Tools ‘Window Help

= HES s & [1:67.069 | & PO 8|
Edtar ~ b | F<| | |
| QTN e EP'
-l £F Layers -
- Salmaon_PredictionPa
* |
- [ Salmon_SpatialClimal
o
- MorWesT_StreamTer
= <alman_hil
FID | Shape | OBSPRED ||:1\ ELEV | CANOPY| SLOPE | PRECIP | CUMDRAINAG Y_COORD | NLCD11PC| BFI |A
<_ | 14232 Point 116695 2107.07 BY 95 0.094458| 934 6286 33096 1691927 63 0 (st3]
Displ | 14233 Point 116696 2013 54 86358 0.09448| 934 6286 3306 1692528 85 0 (st3]
prawil|__| 14234 Point 116708 91379 62 05| 005156 6753 205321 1692787 9 0025 69
|| 14235]|Point 116582 1157 46 5089 008854 TaZ3g 202112 1691294 51 0.02% E8
| 14236 Point 116583 1084 58 B3 47 008854 T3aZ 361 202112 1691864 52 0.02% E8
|| 14237 Point 116584 1004 .41 7121 008854 T3a2 361 202112 1691968 62 0.02% B8
|| 14238 Point 116415 1485 95 3086 009897 797 6306 190 842 1689702 2 0.026 B8
|| 14239Point 116416 1401 4 TO15 009897 797 6306 190 842 169031074 0.026 B8
| 14240 Point 16417 131857 T286 009897 797 6306 190 842 16890786 76 0.026 B8
4 b
Recurd:ﬂj 1 ﬂﬂ Sha: W Selected Records {1 out af 21909 Selecked) Opkions -
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Example of a shapefile attribute table with the spatial and climate variables populated for each prediction point.


Spatial Statistical Tools

Functional Linkage of Waterbasins and Streams (FLoWS)
Spatial Tools for the Analysis of River Systems (STARS)
Developed for ArcGIS 9.3

Spatial Stream Network package (SSN)
Developed for R statistical software

Erin Peterson and Jay Ver Hoef

Multiple regression
with spatial network
awareness

Observations Predictions

_f‘@""“‘*\ NATIONAL OCEANIC AND
% ‘Vf NOAA ATMOSPHERIC ADMINISTRATION
‘r_\v,“‘.:ﬂ UNITED STATES DEPARTMENT OF COMMERCE

Google search: spatial stream networks
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The spatial statistical tools are like a multiple regression tool with network awareness, taking into account network distance among observed temperatures and the prediction points.


RESULTS


Presenter
Presentation Notes
Results section.


Clearwater Basin Model Results

Parameter Standard p value
Estimate
Tailwater -13.27 0.000
Elevation -2.81 0.000
Drainage area 1.56 0.000
Air temperature 1.03 0.000
Latitude -0.83 0.004
Slope -0.75 0.000
Base flow index -0.73 0.005
Precipitation -0.55 0.013
Canopy -0.42 0.000
Lake 0.27 0.002
Stream flow -0.05 0.757

Models explain about 90% of the variance in temperature
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Example of model results ranked by importance for the Clearwater basin.


Clearwater Basin Model Results

Clearwater River NorWeST Stream Temperature Model

1 n=4,487; r:=0.95; RMSE = 0.60°C

rJ
[

[HY
o
|

=
a
|

Predicted August Mean Stream
Temperature (°C)

l£l 5 1ICI 1I5 2ID 2|5
Observed August Mean Stream Temperature (°C)
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R-squared value and scatter plot of prediction results.


@Output Scenarios

Mean August

Historical 10 year
and 19 year averages
2 scenarios

2002-2011

1993-2011

Annuals
1993 - 2011
19 scenarios
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There are 21 scenarios mapped. A 10 year and 19 year average, then annuals for 1993-2011.


2C

Output Scenarios Attribute Table

S1.93 11 | 52 0211 | $3.1993 | S4_1994 | 55 1995 | S6_1996 | S7_1997
515 511 39 6.01 4.56 5 473
6.09 6.06 4.85 6.95 55 595 5.68
6.81 6.77 5.56 767 6.22 6.66 6.39
7122 719 598 508 663 708 5.81
7.56 753 6.32 842 6.97 742 715
788 785 664 874 729 773 746
84 8.37 716 9.26 781 8.25 7.98
5.62 5.59 7.38 948 5.03 548 8.21
8.28 8.25 7.04 9.14 769 8.14 7.87
7.1 767 6.46 8.57 712 7.56 729
7.34 7.31 6.1 8.21 6.75 72 6.93
5895 5.91 4.7 681 535 5.8 553
5.1 6.06 4.85 6.96 551 595 5.68
| tal
Record: ﬂjl—ljﬂ Shiowa: W Selected | Records {0 out of 21909 Selected) Cptions - |
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Example of the output attribute table.


Example Results
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Example results for different types of drainage networks.


Redfish Lake Dworshak Reservoir
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Example influence of the % lake variable and the tailwater flag.
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Comparison between cool and warm years.


Queries

Catchment > 10 km? and temperature <12 °C

- - (B iy O e x

MorWesT_StreamTemperaturelines_Salmon

o CUMDRAINAG | ¥_COORD | NLCDM1PC | BFI | Air_Aug | Flow_fug | 519311 | 52 02_11 | 53.1993 | 541994 | S5_1995
E & 1607 | 153897095 S 13.59 3275 779 778 .55 865 72
i 1678 1539501 65 o] 74 13.59 3275 73 7.27 6.06 816 6.71
" 1678 154041551 0| 7a 1359 3275 791 787 6 66 877 732
e 0967 | 153792085 o] 74 13.59 3275 578 574 453 664 518
: 205906 | 1539573.77 0021 73 1359 3275 11.06 11.03 9.82 11.92 10.47
g 3 205 906 | 154035819 0021| 73 1359 3275 10,89 10.86 965 1175 103
i 205906 | 1541051 68 0021 73 13.59 3275 10.56 1053 9.32 11.42 a.97
205906 | 154194455 0021 73 1359 3275 1035 10.31 9. 11.21 976
216 | 1539372 84 0| 74 1359 3275 6 61 6.56 537 7.47 6.02
1.945 | 1539287 68 EE 13.59 3275 TA3 74 589 7.99 6.54
) 0599 | 1530967027 EE 13.59 3275 .86 .82 561 772 6.27
; 254816 | 1539044 B2 ol 7a 1359 3275 969 366 845 1055 91
o | E3 1] | ]
o4 ron B | (5136 out of 21909 Selected)

=
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Example of a query for selecting stream segments based on specific criteria.



Thermally Suitable
Habitat Patches

Patch 1

Total length: 124 km
Mean: 9.6° C

' Suitable
™ Unsuitable

Patch 2
Total length: 25 km
Mean: 9.1° C
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Concept of habitat patches based on thermal criteria.


Suitable “patches:” Salmon basin

Patch Classification
— Warm
Cold, unknown occupied

— Cold, occupied

[ Huc_s_170602

for B chanaing wovid



Patches and known presence

1000 ~
- 100 A ;
= g
x +
N
_.-S 10 A
3
0 + .
— 7. : )
_C .
O .
e
(O
al 0.1 -
0.01 T T
Unknown Occupied Occupied
(n=271) (n =118)

Patches

%!‘!ﬁ Dunham 2013 presentation of preliminary information
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Larger patches are more likely to have known presence.


Landscape Scale Patt

Lo AR L
e Il : .

lat 44 974768° lon -114.916425  elev BEIB ft

From Dunham 2013
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Patches at a landscape scale.


DATA DISTRIBUTION
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Data distribution section.
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» Supporting Research
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ﬁ T P:; * Page »~ Safety = Tools - @v
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NorWeST Stream Temp

Regional Database & US FOREST SERVICE
Model Research and Development

Rocky Mountain Research Station Home > Science Program Areas > Air, Water and Aguatics > Research Subjects = NorWeST Stream Temperature - Regional
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aAs Stream Temp
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'ZUSGS

science for s changig work!
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Regional Database and Modeled Stream Temperatures ~ ©'<2.Northen

NorWeST

The NorWeST webpage hosts stream temperature data and geospatial map outputs from a
regional temperature model for the Morthwest U.5. The temperature database was compiled from
hundreds of biclogists and hydrologists working for dozens of resource agencies and contains
more than 45,000,000 hourly temperature recordings at more than 15,000 unigue stream sites.

These temperature data are being used with spatial statistical stream network models to
develop an accurate and consistent set of climate scenarios for all streams.

Temperature data and model outputs are posted to the website after QA/QC procedures and
development of the final temperature model within a river basin. It is hoped that open access to
the data and the availability of accurate stream temperature scenarios will foster new research
and collaborative relationships that enhance management and conservation of aquatic
resources.

Funding for the project was provided by the GNLCC with additional funds and in-kind support
from the USFS, USGS, and USFWS. Original grant proposal

w

‘QLocaI intranet F v s -

Google search: norwest stream temperature
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The NorWeST web page.


Maps and Data Downloads

HUC 3s
within
Processing
Units

Salmon River
Basin -
170602

Clearwater
River Basin -
170603

"SpoKoot"
Processing
Unit

Kootenai -
170101

Pend Oreille -
170102

Spokane -
170103

Model Results

Map

Stream Temperature Scenario
Map

g L —

o

Model Prediction Accuracy

GIS Downloads with
Metadata

1-km Stream Segment
Shapefile

1-km Stream Point Shapefile

e T Ty ey ——

g

1-km Stream Segment
Shapefile

1-km Stream Point Shapefile

Model Prediction Accuracy

e

o

1-km Stream Segment
Shapefile

1-km Stream Point Shapefile

Model Prediction Accuracy
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Downloads page.


Processing Status
NorWeST Stream Temperature Modeling
March 2013

— Completed
' In Progress

 Early 2013

“* Late 2013

hrpiwww s fed. us/rmiboise/AWAE profectsNorWeS T himi

\
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Processing status map.
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Contributors who have contributed observed stream temperature data, which is the foundation of the NorWeST project.


THANK YOQU
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Presentation Notes
Thank you.
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