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How do we use all this stuff?
Bringing it all together...

mmmmmmmmmmm

Decision space and uncertainty ,/

Prediction error, complexity, non-stationarity

Roads, Access  catastrophic

Linking data to a decision framework =
e Bayesian network (BN) approach

Example: Bull trout in the Boise River basin
e Building a model
e Predictions and lessons learned




Uncertainty:
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Global climate change scenarios based on
different assumptions for greenhouse gas
emissions and human economic trends (Fig.
SPMS5, from IPCC 2007, Working Group I).
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Air temperature and precipitation trends
across the western US, 1930-1997 (Mote et
al. 2005)




Uncertainty: complexity

S What does climate change do to
. an already complex problem?
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Uncertainty: non-stationarity

How long before these scenarios become Will important ecological relationships
obselete? hold, as we understand them now?
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Uncertainty: error propagation

l

Global Climate Models (+ error)

Downscaled climate predictions (+ error)

Biotic Context (+ error)

\ 4

Landscape Context (+ error)

Population or process of interest



Bayesian networks (BNs) in use
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Bayesian Networks: definition & properties

BBNs: graphical models that incorporates probabilistic relationships among
variables of interest (Jensen 2001)
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Bull trout in the Boise River basin
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Concept: climate impacts on populations

Biotic Context (+ error)

!

l

/ Global or Regional Climate Models (+ error) \

Downscaled climate predictions (+ error)

Landscape Context (+ error)

\ VULNERABILITY OR PERSISTENCE /
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Conceptual model of vulnerability

[ Human Disruption ]

Connectivity and
adjacent populations

Influence diagram depicting linkages between climate, environmental context, and human
disruption on vulnerability of stream salmonid populations (adapted from Rieman and Isaak

2010). Orange boxes represent variables considered for the Boise River basin bull trout example. 12



Influence diagram
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Parameterized model

Summer Mean Flow

<0.2 cfs 25.0
0.2to0 1.19 cfs 25.0
Water Temperature Stream Size 1'4139;0 ?3'3 cfs ggg —
>, b .0 =
Winter High Flow w95 <7 degrees C 20.0 <lm width  25.0 mm &
, < ovent per winter 3.3 7-10 degrees C 2.0 jummm 1-2m width ~ 25.0 fum L85 £ 250
Gradient 1-4 events per winter 33,3 10-15 degrees C ~ 20.0 2-8m width ~ 25.0 jmm
<2 % gradient ~ 33.3 mm >4 events per winter 33.3 15-18 degrees C ~ 20.0 jum—m >8m width  25.0 mm
2-8% gradient ~ 33.3 : >18 degrees C 20.0 j— 588+ 6.9
>8% gradient  33.3 jmmm 10+14 13+ 7.3 /
0.1+0.11
Bed Scour Brook trout Physical Habitat Suitability Bull trout Physical Habitat Suitability
: Low 60.8 p—— Low 70.8 —
<1 .0 mmm
1_42’;%2%6\:\"\2;?{& ggg o Moderate 24.8 pmm Moderate 20.8 um
>4 events per winter ~ 36.1 - High Ll High R

Brook trout occurrence

Present 10.3m
Absent 89.7 ——

Bull trout Survival egg to age-2 emigrant

Negative 29.6
Positive 70.4 p—

Probability of bull trout occurrence in re...

Absent
Present

85.2 n———

14.8m

Brook trout source population

No 50.0 p——
Yes 50.0 j—
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Data integration — mean summer water temperature

Bull trout
Juvenile bull trout occurrence
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Parameterized model

Summer Mean Flow
<0.2 cfs 25.0
0.2to0 1.19 cfs 25.0
Water Temperature Stream Size 1'4139;0 ?3'3 cfs ggg —
>, b .0 =
Winter High Flow w95 <7 degrees C  20.0 jmmm <Im width  25.0 = L] &
, < ovent per winter 3.3 7-10 degrees C 2.0 jummm 1-2m width ~ 25.0 fum L85 £ 250
Gradient 1-4 events per winter 33,3 10-15 degrees C ~ 20.0 2-8m width ~ 25.0 jmm
<2 % gradient ~ 33.3 mm >4 events per winter 33.3 15-18 degrees C ~ 20.0 jum—m >8m width  25.0 mm
2-8% gradient ~ 33.3 : >18 degrees C 20.0 j— 588+ 6.9
>8% gradient  33.3 mmm 10+14 13+ 7.3
0.1+0.11
Bed Scour Brook trout Physical Habitat Suitability Bull trout Physical Habitat Suitability
: Low 60.8 p—— Low 70.8 —
<1 .0 mmm
1_42’;%;)?6\:\"\2;?{& ggg o Moderate 24.8 pmm Moderate 20.8 um
>4 events per winter ~ 36.1 - High Ll High R

Brook trout occurrence Bull trout Survival egg to age-2 emigrant Probability of bull trout occurrence in re...
Present 10.3m Negative 29.6 Absent 85.2 —
Absent 89.7 — Positive 70.4 — Present 14.8m

Brook trout source population

No 50.0 p——
Yes 50.0 j—
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Prediction based on input data

Water Temperature

Winter High Flow w95

<7 degrees C

0

7-10 degrees C 100

10-15 degrees C
15-18 degrees C
>18 degrees C

0
0
0

8.5+0.87

Summer Mean Flow

Stream Size

<0.2 cfs 0
0.2to 1.19 cfs 0
1.19to 43.3cfs 100
>43.3 cfs 0

22.2+12

<1m width 0

1-2m width 0

2-8m width 100 fe——

>8m width 0
5+1.7

Brook trout Physical Habitat Suitability

Bull trout Physical Habitat Suitability

Gradient <1 event per winter 0

- 1-4 events per winter 100
<2 % gradient 0 >4 t it 0
2-8% gradient 100 EVENISIDCIAWITET]
>8% gradient 0 25+0.87

0.05 £+ 0.017

Bed Scour

<1 event per winter 0 kAUV(\;
1-4 events per winter  75.0 ———— Higherate

>4 events per winter ~ 25.0 jum

0
75.0
25.0

Low

Moderate
High

Brook trout occurrence

Bull trout Survival egg to age-2 emigrant

Present
Absent

0 Negative
100 [———— Positive

Probability of bull trout occurrence in re...

31.3

68.8 —

Brook trout source population

No
Yes

Absent
Present

23.4
76.6
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Applying the model: bull trout in the Boise R. basin

/ Global Climate Model A1B (historical, 2040s, 2080s) \

Stream temperature Stream flow - VIC
(Isaak et al. 2010) (Wenger et al. 2010)

Brook trout
(yes’ no) Gradient

{

~1400 NHD+ segment-scale predictions

v
Map using GIS
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Climate change — no brook trout
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Historical scenario

no brook trout

il

Bull Trout Probability

-~~~ 0.00-0.20

0.21-0.40
0.41-0.60

~~0.61-0.80

~n~~0.81-1.00



2046 scenario
no brook trout

Bull Trout Probability
~n~~0.00-0.20
0.21 - 0.40
0.41 - 0.60
-~~~ 0.61-0.80
~~~ (.81 -1.00



2086 scenario
no brook trout
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Climate change + brook trout

1. 2046 — no brook trout
2. 2046 — brook trout present

23



2046 scenario
no brook trout

Bull Trout Probability
~n~~0.00-0.20
0.21 - 0.40
0.41 - 0.60
-~~~ 0.61-0.80
~~~ (.81 -1.00



2046 scenario
brook trout present

Bull Trout Probability
~n~0.00-0.20
0.21-0.40
0.41-0.60
~~~0.61 - 0.80
~~(0.81-1.00



2046 scenario
no brook trout

Bull Trout Probability
~n~~0.00-0.20
0.21 - 0.40
0.41 - 0.60
-~~~ 0.61-0.80
~~~ (.81 -1.00



2046 scenario
brook trout present

Bull Trout Probability
~n~0.00-0.20
0.21-0.40
0.41-0.60
~~~0.61 - 0.80
~~(0.81-1.00



Predictions - intuitive

o Stream water temperature very important!

2046 scenario
no brook trout

Mean Summer Stream
Temperatures (C) -

2046 Scenario
5 ¢ A LN J W/ 7 ;_.;r"‘_‘—w —.' 2
- > o~ [ /4 { - ) g
“‘_: i u\r' - ' b/ el "‘?, WX ‘./\';
a..-v?_ ?, ..., _.\‘;:{'L‘ - -“. 3 /
or B¥SsICINNGY
N F y ‘-..“\l al | S\ 3%
>t A i\ MAN 2NN
% ig 5 : N ALY *'ﬂ'l 3\
o ]

Bull Trout Probability

Temperature 2046 ~~—~0.00 - 0.20

~~~570-7.00

0.21-0.40
“~~7.01-10.00 AT 060

10.01 - 15.00 e U080
“~~15.01 - 18.00 0‘81 J 1'00

-~~~ 18.01 - 30.00

Stream temperature BN model
model: Isaak et al. (2010)

Is the BN worth the extra effort?
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Headwaters

Historical — no 2046 — no
brook trout brook trout

Historical scenario
no brook trout

oooooooo



Predictions — counter intuitive

2046 scenario
no brook trout

Mean Summer Stream
Temperatures (C) -
2046 Scenario

Temperature 2046
~~570-7.00
~~~7.01-10.00
10.01 - 15.00
~~15.01 - 18.00
~~~18.01 - 30.00

Bull Trout Probability
~~~0.00-0.20
0.21-0.40
0.41-0.60
~~0.61-0.80
~~—~081-1.00

2046 scenario
brook trout present

e Brook trout effect nil when
winter flooding increases
and habitat favors bull trout

e Habitat shrinking from both
directions

Bull Trout Probability
“~~0.00-0.20
0.21-0.40
0.41-0.60
“~0.61-0.80 30
~—0.81-1.00



Summary

e Bayesian networks are useful framework to
integrate data and assess climate impacts

give n u n Ce rta i nty / Global or Regional Climate Models (+ error) \

v
Downscaled climate predictions (+ error)

Biotic Context (+ error) Landscape Context (+ error)
e Outcomes \ /
.. v
— Decision support tool

— Process
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