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Thermal Regimes ~ Importance of Flow Regimes
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Thermal Regimes Understood Conceptually
- but not Empirically

Freshwater Biology (2006) 51, 1389-1406
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Empirical Descriptions Limited
* Small, localized datasets
* Summer data primarily




Thermal Regime Study #1

e 226 stream & river sites L Temperature (°C) N o I'W eST
* Five-year annual records (2011-2015) ;; A= Stream Temp
« Mountain networks in Idaho i -

* USFS lands, wilderness, <10% private
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Thermal Regime Study #2
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Methods

Summarize temperature records via 34 descriptive

metrics in five categories

Magnitude (e.g., mean annual, mean summer, minimum
weekly, maximum daily, etc.)

Variability (e.g., annual SD, spring SD, range in annual
min/max, etc.)

Frequency (e.g., number of days >20°C, <2°C)

Timing (e.g., date of 5%, 25%, 50%, 75%, & 95% degree days)

Duration (e.g., growing season length, number of
consecutive days >20°C, <2°C)

PCA (Principal components analysis) on metrics
PCA on mean daily temperatures at sites (S-mode PCA)

Hierarchical cluster analysis on metrics

Multiple linear regressions models to predict PC scores
from covariates & map regime characteristics
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Study 1. Dataset Description
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Study 1. Dataset Description |+72a -

Annual cycle @ 226 sites in 2013
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PCA on Thermal Metrics

o Temperature metric PC1 PC2 PC3

1) Three PCS account fOr 88/" M1. Mean annual temperature 0.99 -0.07 -0.05
of total variation M2. Mean winter temperature 0.26 -0.92 0.14
M3. Mean spring temperature 0.91 -0.19 -0.25

o o M4. Mean summer temperature 0.97 0.21 -0.06

2) Many metrics are hlghly M5. Mean August temperature* 0.95 0.22 0.16
redundant M6. Mean fall temperature 0.96 -0.18 0.14
M7. Minimum daily temperature -0.02 -0.86 0.08

. M8. Minimum weekly average temperature -0.03 -0.90 0.08

3) InterpretatlonS: M9. Maximum daily temperature 0.95 0.26 0.09
* PC1 (49,0%) = magnitude & M10. Maximum weekly average temperature 0.95 0.25 0.09
. efe M11. Annual degree days 0.99 -0.07 -0.05
varlablllty V1. Annual standard deviation 0.90 0.41 0.01
e PC2 (29.0%) = length of V2. Wirllter standard dev_iat_ion 0.69 -0.54 0.16
i T V3. Spring standard deviation 0.71 0.30 -0.55
growing season & minimum V4. Summer standard deviation 0.42 0.32 0.78
winter temps V5. Fall standard deviation 0.87 0.39 0.19
V6. Range in extreme daily temperatures 0.93 0.33 0.08

V7. Range in extreme weekly temperatures 0.93 0.33 0.08

F1. Frequency of hot days 0.47 -0.01 0.30

F2. Frequency of cold days -0.70 0.61 0.09

T1. Date of 5% of degree days 0.02 0.96 -0.10

T2. Date of 25% of degree days -0.43 0.74 0.46

T3. Date of 50% of degree days -0.45 0.37 0.79

T4. Date of 75% of degree days -0.19 -0.51 0.72

T5. Date of 95% of degree days 0.30 -0.88 0.12

D1. Growing season length 0.03 -0.97 0.11

D2. Duration of hot days 0.44 -0.03 0.32

D3. Duration of cold days -0.64 0.66 0.07

Variance explained (%0): 49.0% 29.0% 9.8%
Cumulative variance (%): 49.0% 78.0% 87.8%




PCA on Thermal Metrics

Ordination plot of metrics describing regimes

* Later spring warmup 1
* Low winter temperatures e T1
T2
D3 ¢
F2

T3

* Longer growing season
* Higher winter temperatures

PC1 (49.0%)

* Warmer
* More variable




PCA on Mean Daily Temps @ 226 Sites

“S-mode” PCA describes covariation among
sites through time o
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PCA on Mean Daily Temps @ 226 Sites

e Two PCs account for 98% of variation
* PC1 correlates with daily air temperature
* PC2 correlates with daily discharge
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PCA on Mean Daily Temps @ 226 Sites
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Study 2. Dataset Description '

*Same five year period of 2011-2015

578 stream & river sites
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PCA on Thermal Metrics

Temperature metric RETT U WPC2y, PGC3

1) Three PCs account for 81% ™ ™ean annal temperature 098 010 -0.04
Of total Variation M2. Mean winter temperature 0.85 -045 0.02
M3. Mean spring temperature 0.97 006 -0.13

M4. Mean summer temperature 0.84 053 -0.07

H H M5. Mean August temperature 0.81 057 0.05

2) Many metrlcs are hlghly M6. Mean fall temperature 0.97 0.03 0.06
redundant M7. Minimum daily temperature 0.77 -053 0.01
M8. Minimum weekly average temperature 0.78 -0.53 0.02

¥ M9. Maximum daily temperature 0.79 060 0.02

3) InterpretatlonS: M10. Maximum weekly average temperature 079 0.60 0.02
© . M11. Annual degree days 0.98 0.10 -0.04

* PC1(46.1%) = magnitude, V1. Annual SD 024 095 -0.03
frequency’ timing’ & duration V2. er?ter SD 0.82 0.19 0.05
V3. Spring SD 036 076 -0.27

A o\ — g 13 V4. Summer SD -0.29 055 054
PC2 (27’9/") a2 Var'ab'hty V5. August SD QOGITD. 71 015

© . V6. Fall SD 0.10 0.96 -0.01

- PCS (7 1/°) - lnter'annual V7. Range in extreme daily temperatures 0.34 092 0.02
Varlablllt agnltude & V8. Range in extreme weekly temperatures 033 093 0.02
V9. Inter-annual SD of mean annual temperature 046 021 0.74

tlmlng V10. Inter-annual SD of minimum weekly temperature 071 -034 0.18
V11. Inter-annual SD of maximum weekly temperature 0.16 034 045

V12. Inter-annual SD of 5% degree days -0.34 026 042

V13. Inter-annual SD of 50% degree days -0.12 -019 0.75

F1. Frequency of hot days 0.66 043 -0.14

F2. Frequency of cold days -0.87 0.32 -0.06

T1. Date of 5% degree days -0.75 056 -0.11

T2. Date of 25% degree days -0.80 053 0.11

T3. Date of 50% degree days -0.75 041 031

T4. Date of 75% degree days 0.13 -0.38 0.52

T5. Date of 95% degree days 0.76 -0.53 0.17

D1. Growing season length 0.76 -0.56 0.12

D2. Duration of hot days 0.65 040 -0.14

D3. Duration of cold days -0.85 0.32 -0.07

Varlanceexplalned(%) 46.1 279 7.1

— ) . L o



PCA on Thermal Metrics

Ordination plot of metrics describing regimes

— V6
* More variable 1 Vi V7V8
* Larger range in
extremes
Tl
T2
T3
F2
D3
| ]
| |
-1 -0.5
_0'5 T -~ M7
D1
15 M8
l * Later dates of degree day
accumulation
* Increased frequency and 1 L * Warmer

duration of cold days * Longer growing seasons

4=




Cluster Analysis on Thermal Metrics

. Criteria for number of clusters

S Dendrogram of 578 stream sites
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Cluster Analysis on Thermal Metrics
7 cluster regime map ® 1) Coastal
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Ordination plot of Site PC scores by Cluster

* More variable
* Larger range in
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Multiple Regressions of PC1 and PC2 Scores

Model Covariate b (SE) i p-value 2
PC1  Intercept 7.36 (0.23) 31.4 < 0.01 0.87
Elevation -0.00104 (0.0000239) -43.6 < 0.01
Latitude -0.129 (0.00528) -24.5 < 0.01
Riparian canopy -0.00593 (0.000683) -8.68 < 0.01
Reach slope -3.32(0.584) -5.69 < 0.01
Annual precipitation -0.000200 (0.0000385) -5.20 < 0.01
Lake 0.0671(0.0153) 4.38 < 0.01
Dam height 0.00213 (0.00114) 1.88 < 0.01
Dam height? -0.0000203 (7.02 x 10°%) -2.89 0.06
PC2  Intercept -11.1(0.567) -19.5 < 0.01 0.63
August stream temperature 0.276 (0.010) 27.6 < 0.01
Elevation 0.00107 (0.0000518) 20.7 < 0.01
Latitude 0.120 (0.0115) 10.4 < 0.01
August SD of air temperature 0.381(0.125) 3.04 < 0.01
Riparian canopy 0.00275 (0.00117) 2.34 0.02
Drainage area -1.24 X 10 (6.18 x 107) -2.01 0.05
Lake -0.0498 (0.0254) -1.96 0.05
Dam height -0.00124 (0.000837) 1.48 0.14




Prediction Maps of PC1 and PC2 Scores
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PC1 scores
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Ecological Relevance of Regime Maps

PC1 ~ NorWeST Mean August Scenario
i rei = g wese NorWeST
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Beyond the mean: The role of variability in predicting
ecological effects of stream temperature on salmon
E. AsHLEY STEEL, "+ ABBY TILLOTSON,> DONALD A. LARrSEN,”> Amee H. FuLLerton,? KerrH P. DeNTON,?
AND BRIAN R. BECKMAN?

Transactions of the American Fisheries Society 132:92-99, 2003
| © Copyright by the American Fisheries Society 2003

Assessing Temperature Tolerance of Bonneville Cutthroat Trout
Based on Constant and Cycling Thermal Regimes

HELENE C. JOHNSTONE AND FRANK J. RAHEL*




Key Take Homes:

1) Thermal regimes are relatively simple (especially in
mountain headwaters). 2-4 PCs or metrics can capture
most of the unique “information” about a regime

2) Annual monitoring data capture important regime
information missed by summer monitoring

3) Strong temporal covariation among sites suggest
monitoring networks can be sparse.

4) Thermal regimes at broad scales largely controlled by
geoclimatic factors. Local land-use effects add “residual
noise” that is important to understand & jointly consider

5) Next step could be synthetic assessments of stream
hydroclimates via integration of flow & thermal regimes
(a.k.a. icthyographs writ large)
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