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Study Purpose

PDS-based intensity-duration-frequency (IDF) curves Average recurmence
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* We provide ranges of how extreme
precipitation intensities will change
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Station Selection

e Chosen to reflect the range of CO conditions
e Generally need 30 years of data for a good fit
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Duration
Stapleton |Denver Metro Area |[1-hour 5,286 57
*
Ordway Eastern Plains 15-minutes 4,315 46 ( 24 for
15-min)

Cedaredge |Western Slope 1-hour 6,244 62
Durango [Southern Mountains [1-hour 6,600 62
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Projected Change Factor Grids by station

 These grids show relative changes over historic IDF 2-year return, 2070 period,
curves 90th pctile of projections
. (100% = no Change from history) Duration | Cedaredge | Durango Ordway Stapleton
15-min: | - 100%)]-
e Highly multi-dimensional data, but the key is the range  [30-min: : 100%}
. 45-min: s 105%}-
and upper bounds of results: 1-hour: 118%|| 104% 1029  116%
* 15-min to 60-day Storm durations 2hour:TEEN 1019 1027 e
. 3-hour: | / 118% 105% 108%
e 2,5,10, 25,50 and 100 year return periods 6-hour:/  105% 106% 102%
e 3 future periods (2040, 2050, 2070) 12-hgfir:|  104%  104%  108%
_ 1-ghy: 110% 104% 110%
e 346 Climate Models (and stats on those) Zdays: 110% 105% 113% 116%
3-days: 112% 104% 114% 115%
e : ~N 4-days: 112% 104% 114% 120%
In the case of this cell... 7-days: 112%  107%  114%  119%
...at the Cedaredge Station... 10-days: 112% 107% 122% 119%
...the 90t percentile of all climate projections... 20-days: 112% 109% 116% 119%
...for the 2070 future period... 30-days: 113% 111% 116% 119%
...shows an increase of 18% in the intensity... 45-day: 112% 111% 114% 117%
...of the 1-hour event with a 2-year return period. 60-day: 112% 110% 116% 117%
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Methodology

e Step 1: Extract Relevant Global Climate Model Data

e Step 2: Fit Models for each Storm Duration

e Step 3: Forecast Intensity Change Factors and final IDFs




Key Assumptions

* Global Climate Models are Representative: The ensemble of GCMs
represent the range of future climate

* Non-Stationarity: Significant relationships exist between climate and
extreme events; extreme events will change over time

e Best Statistical Model: The GEV statistical distribution is assumed to
be the most representative of extreme events (Fat tail).
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Historical IDFs

e All Historic IDF data and curves from
NOAA Atlas 14

e Most stations are hourly, with a few
having 15-minute data

e Short durations are generated from
models when no data was available

intensity (in/hr)

Precipitation

Stapleton Station IDF Curve

Ayerage recumence
interval
(years)

100-year return intensity (inches/hr)
Duration |Cedaredge |Durango [Ordway | Stapleton
15-min: 4.12 7.1 6.7 5.68
60-min: 1.45 2.15 2.77 241
12-hr: 0.17 0.24 0.34 0.34
24-hr: 0.1 0.14 0.18 0.2
2-day: 0.06 0.08 0.1 0.11
3-day: 0.04 0.06 0.07 0.08
4-day: 0.03 0.05 0.05 0.06
7-day: 0.02 0.03 0.03 0.04
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Step 1: Future Climate

Warmer and “weirder”
DJF JJA

Degree increase in Winter and Summer Temp
RCP8.5 scenario, 2080-2099 Average

temperature

% in Winter and Summer Precip
RCP8.5 scenario, 2080-2099 Average

precipitation

Diffenbaugh, N.S. & Giorgi, Climate change hotspots in the CMIP5 global
climate model ensemble, F. Climatic Change (2012) 114: 813.
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Climate Covariates

e “Covariates” are just data extracted from GCMs used for prediction

* 346 (112 CMIP3, 244 CMIP5) Global Climate Model runs on an 1/8t" degree
grid across CONUS

e Annual and monthly values assessed for Tmin, Tmax, Tavg, Precip and P*T
for 66 total covariates

e GCM data weighted and bias corrected to generate covariates
e Used 4 closest grid cells to each station
e Adjusted historic climate used
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Stapleton Station Projected Climate Traces

e 30-year running averages since individual modeled years are very noisy with cyclic effects

Station: Stapleton, Lat:39.750, Lon:-104.867, Var:PRCP Station: Stapleton, Lat:39.750, Lon:-104.867, Var:TOBS Station: Stapleton, Lat:39.750, Lon:-104.867, Var.JJA_P

0.25-
70-
0.05- Percentile Percentile Percentile
-1 - 1% - 1%
- 10% = 10% 0.20- = 10%
- 5% - 5% - 5%
o g 68- ’ll
{i) - 509 3 - 50% < —50%
o - 75% = — 75 S - 75%
m— Q0% - Q0% - Q0%
0.04- - 9% - 99% = 99%
Trace Trace 0.15- Trace
66-
0.03- 0
1980 2010 2040 2070 1980 2010 2040 2070 1980 2010 2040 2070
Years Years Years
Mean Daily Precipitation Mean Daily Temperature (F) Mean Daily Precipitation in

DON’T WORRY, IT’S ALL RELATIVE!!!

o , o June, July and August
*median increase is 2.8 F, *75t percentile is 3.6 F
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Stapleton Station Climate Covariates

e Covariates are for surrounding 30 years (i.e., 2070 covariate from 2055 to 2084)
e Bias-correction by degree shift in temp and % change in precip calculated internally to each model

Stapleton 30-Year Running Average, PRCP Stapleton 30-Year Running Average, TOBS Stapleton 30-Year Running Average, JJA_P
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Step 2: Fit and Assess Models

* Fit covariate-parameter relationship

e Same distribution as NOAA ATLAS 14 but assuming non-
stationarity

e Assess significance and select the best model

e Perform skill-scoring
* How well does each model re-predict history?
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Covariate-parameter relationships

0.030
|

We fit models of distribution parameters

* Modeled sensitivity of distribution parameters to
historic climate

e 3 parameters under the GEV (location, shape and
scale), location was chosen for all models based on
testing
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Estimate Projected Values of Parameters
e Climate covariates used to estimate model parameters

Maximum annual 24_hr Precip

e

e Parameters used to create new distribution for each
GCM Linear
Estimate intensities from PDF S model
* Atdesired frequencies
» Separate model per storm duration X

"Lynker[I)
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Curves generated

Station: Stapleton Duration: X1.day 2040 PDF Plot

e Covariates used to create an ensemble
of models

e (for each duration, one curve per GCM)

0.020 0.025
|

0.015
|

e Black is baseline (generated with historic
data)

Relative probability of event

0.010
|

0.005

e Ratio of results from black and colored
lines used to generate change factors

0.000

I I I I I I I
50 100 150 200 250 300 350

X1.day Precipitation Intensity (0.001 in/hr)
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Model validity and selection
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* 66 covariates assessed for each storm
duration (Tmax and Tmin not shown)

e P.value of <0.05 as significance criteria for
model
e Significant models were found for every storm
duration

e Akaike Information Criterion (AIC) used to
select highest quality model per duration
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Best models selected

e Different regions of CO have
different climate drivers

e Generally...

...Summer precipitation drove
shorter events

...Annual precipitation drove longer
events

...Temp alone was never the best
model
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Duration Cedaredge Durango Ordway Stapleton
15-min: = = PRCP.07
30-min: - PRCP.O7
45-min: = = JJA P -
1-hour: PXT.08 JJA_P JJA_P PXT.07
2-hour: PXT.08 JJA_P JJA_P PXT.07
3-hour: PXT.08 JIA P JJA P PXT
6-hour: PRCP JJA_P JJA_P PXT
12-hour: PRCP JJA P JJA_P PXT
1-day: PRCP PRCP JJA_P PXT
2-days: PRCP PRCP JJA_P PRCP
3-days: PRCP PRCP PRCP PRCP
4-days: PRCP PRCP PRCP PRCP
7-days: PRCP PRCP PRCP PRCP
10-days: PRCP PRCP PRCP PRCP
20-days: PRCP PRCP PRCP PRCP
30-days: PRCP PRCP PRCP PRCP
45-day: PRCP PRCP PRCP PRCP
60-day: PRCP PRCP PRCP PRCP




Skill Scoring

Station: Stapleton, Duration:X1.hour

1 1 soto. " Station: Stapleton, Duration:X1.d
e Cross-validation approach Covariste:PXT.07, CORR:0.8978 G CORR ST

* Fit model with a year dropped  § &
* Generate distribution with P Y £ o
predictor from dropped year 27 §
P 1 C s .
e Pull value off distribution :

0
|
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Step 3: Forecast Intensity Changes

e Baseline event created for each GCM

e “Projected Biased Event” and Baseline

Projected event Value from Baseline

Event used to create Intensity ratio Values from Model with No
Predictors (Baseline)

GCMs

* Intensity ratio applied to historical IDF
Intensity
Ratios

e Same results apply to intensities (IDF)

and depths (DDF curves)

Less biased Projected Event




Projected Change Factor Grids by station

* Irregularities across durations due to changes in
model predictors

e Generally, the model results show:

The median of all models show increases in
precip intensity across all stations.

Farther into the future, events are projected to
be more intense.

The 100-year event increases by a smaller %
than the 2-year event.

It is site-specific how events of various durations
change.
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2-year return interval, 2070 period,
90th pctile of projections

Duration | Cedaredge Durango Ordway Stapleton

15-min: |- 100%)]-

30-min: |- 100%|-

45-min: |- 105%|-

1-hour: 118% 104% 102% 116%
2-hour: 118% 101% 102% 116%
3-hour: 118% 105% 108%

6-hour: 105% 106% 102%

12-hour: 104% 104% 108%

1-day: 110% 104% 110%

2-days: 110% 105% 113% 116%
3-days: 112% 104% 114% 115%
4-days: 112% 104% 114% 120%
7-days: 112% 107% 114% 119%
10-days: 112% 107% 122% 119%
20-days: 112% 109% 116% 119%
30-days: 113% 111% 116% 119%
45-day: 112% 111% 114% 117%
60-day: 112% 110% 116% 117%




Stapleton IDF Changes to 100-Year Event

Stapleton station, 100-
year return, 2040 period

Stapleton station, 100-year
return, 2070 period

Duration 0.5 0.75 0.9 0.99

15-min: |

30-min: [

45-min: |

1-hour: 101% 103% 104% 107%
2-hour: 101% 103% 104% 108%
3-hour: 106% 108% 110% 115%
6-hour: 105% 108% 110% 114%
12-hour: 107% 110% 113% 119%
1-day: 106% 108% 110% 115%
2-days: 101% 102% 104% 107%
3-days: 101% 103% 104% 107%
4-days: 101% 103% 105% 109%
7-days: 101% 103% 106% 110%
10-days: 101% 104% 106% 110%
20-days: 101% 105% 108% 113%
30-days: 102% 105% 109% 114%
45-day: 101% 105% 108% 114%
60-day: 101% 105% 108% 113%

Duration 0.5 0.75 0.9 0.99

15-min: -

30-min: -

45-min: -

1-hour: 101% 103% 106% 109%
2-hour: 101% 104% 107% 110%
3-hour: 109% 113% 116% 125%
6-hour: 109% 112% 115% 124%
12-hour: 111% 116% 120%]  131%|
1-day: 109% 112% 116% 125%
2-days: 101% 103% 106% 109%
3-days: 101% 103% 106% 110%
4-days: 101% 104% 107% 112%
7-days: 102% 104% 108% 113%
10-days: 102% 105% 109% 114%
20-days: 102% 106% 111% 118%
30-days: 102% 107% 112% 120%
45-day: 102% 106% 111% 118%
60-day: 102% 106% 110% 117%
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Uncertainty

e Future Scenarios: 2040, 2050 and 2070 results provided though there
are many unpredictable changes in climate and human impact during
this time.

* Global Climate Models: Model sensitivity as well as the nature of
how GCMs have been downscaled over CONUS provide some

uncertainty.

e GEV Distribution: Some statistical uncertainty inherent in the model
itself.
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How to use these results

* Assess risk of existing designs: Median, 75t and 90" percentile
results are presented to be conservative

* Resiliency planning: Quantitative results for climate change
adaptation planning

* Flood Hydrology Modeling: These updated intensities can be used to
force existing hydrology models




Moving Forward

......

.........

* Change Factors and Intensities: Results

presented as change factors for clarity ] = bt
but are available as precipitation e
intensities. gt @

| s

 Pilot Study: We found that non- |
stationary IDF relationships exist for ;". z L Y & o e
many stations in CO. This method can E\’ ------- .!Eitc;‘;:ﬁmi‘:k%:ﬁ“ -

i ELE - ggrif:*:;ﬂﬂﬂpm"ﬂ i'_"]i:ﬁ’

be applied to many other locations

All 15-minute and hourly stations in CO
with >30 years of data
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EXTRA SLIDES




Model Skill Scores

Duration | Cedaredge Durango Ordway Stapleton
15-min: - - 0.965 -
30-min: - - 0.929 -
45-min: - - 0.960 -
1-hour: 0.895 0.947 0.954 0.898
2-hour: 0.948 0.842 0.962 0.898
3-hour: 0.938 0.892 0.957 0.921
6-hour: 0.960 0.862 0.839 0.922
12-hour: 0.947 0.925 0.870 0.923
1-day: 0.922 0.946 0.852 0.912
2-days: 0.910 0.898 0.898 0.915
3-days: 0.904 0.924 0.910 0.918
4-days: 0.905 0.935 0.911 0.898
7-days: 0.911 0.943 0.900 0.905
10-days: 0.908 0.946 0.867 0.912
20-days: 0.917 0.892 0.899 0.914
30-days: 0.910 0.859 0.890 0.923
45-day: 0.908 0.891 0.907 0.923
60-day: 0.904 0.900 0.923 0.927
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Results Browser

e "D:\Projects\Climate Flood Link\Report\Final
Presentation\ChangeFactorsBrowser.xlsm*“




CO Atlas 14 IDF Stations (15-min and 1-hr)
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Median 2050 Colorado Climate
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