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Presenter
Presentation Notes
Good morning.....The Flood Hydrology & Consequences Group received funding from the Science and Technology program to perform a multi-year project in collaboration with scientists at CIRES and NCAR entitled Ingredients-based climatology and future projections of extreme precipitation events using a numerical weather prediction framework.


Research Question

« Using a numerical weather prediction
(NWP) framework, what impact does
climate change have on the atmospheric
conditions and geographical dependency
of extreme rainfall events in the Colorado
Front Range?

Disclaimer: All results shown in this slide presentation are PRELIMINARY and should be treated as such. For more info, please contact the author.


Presenter
Presentation Notes
The primary question being asked as part of this research is……can we evaluate the impact of climate change on atmospheric conditions and geographical dependency of extreme rainfall in Colorado.


Project Goals

(1) Identify atmospheric and geographic
forcing of extreme rainfall events in the
Colorado Front Range

(2) Evaluate the effects of climate change on
these forcings and the resulting extreme
precipitation events in the Colorado Front
Range

(3) Examine scale dependencies using
NARCCAP and WRF model output

Disclaimer: All results shown in this slide presentation are PRELIMINARY and should be treated as such. For more info, please contact the author.
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To answer that question, we must complete three criteria: read them


Motivation

Extreme precipitation events drive

decisions related to water resources:
* Dam safety
* Flood risk and mitigation
* Reservoir operations.

Storm events modulated by:
* Thermal/moisture characteristics
* Predicted to change in future
* Interaction with topography

PRIOR RESEARCH:
* CFR PACE Project (Mahoney et al., 2010)
* Colorado Headwaters Project

. .Iéigura 13. Rainfall (inches) for Fort C‘ollins. Colorado,
for 5:30-11:00 p.m. MDT for July 28, 1997

Source: Doeken and McKee
http://ccc.atmos.colostate.edu/~odie/rain.html

Disclaimer: All results shown in this slide presentation are PRELIMINARY and should be treated as such. For more info, please contact the author.
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So, why should we do this, you ask? Decision-making is an integral part of water resources, whether that be planning for too much/too little water for operations OR deciding whether a specific dam needs modification due to the potential for life-threatening flooding from an extreme rainfall event. As most of you are aware, The Fort Collins Flood of 1997 created significant damages. Specific moisture and thermal characteristics were associated with this storm, along with interaction with the topography as upslope flow as is common in the state of Colorado.

Most climate models predict changes in precipitation and temperature, regardless if these are upward or downward trends. We seek to identify how these changes might affect the magnitude (both duration and intensity) and location of extreme storms.

Two research projects provided the foundation upon which this type of question can be addressed. The Colorado Front Range Postdocs Applying Climate Expertise Project and the Colorado Headwaters Project. 


CFR PACE project

- Assess potential for changes in warm season extreme
precipitation
- Focus in the Colorado Front Range
- Identified ten extreme rainfall events
- Examined changes in atmospheric physics
- PROVIDES:
* downscaled NARCCAP simulations at 1.3- and 4-km

B CFR PACE WRF Model Domain
; (4 and 1.3 km)

|

NCAR Colorado Headwaters Project

- Historical and climate-perturbed simulations for the period
2000-2008
- Identify top 20 storms during the period
- Evaluating model and scale dependency
- PROVIDES:
* historical/future simulations at 4-km

FY12 FOCUS ON CHP DATA

Disclaimer: All results shown in this slide presentation are PRELIMINARY and should be treated as such. For more info, please contact the author.
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The PACE project was designed to assess the potential for changes in warm season precipitation and this work is being built upon under the CIRES agreement. As part of PACE, a total of 10 extreme storms were identified from the downscaled NARCCAP (North American Regional Climate Change Assessment Program) simulations. A large domain of 4-km has a sub-domain of 1.3-km grid spacing centered over Colorado. 

The CO Headwaters Project, has generated historical and climate-perturbed simulations for the period 2000-2008 at 4-km for a region encompassing the Upper Colorado River Basin in Colorado. The folks at NCAR have identified the top 20 storms from the historical dataset. 

There is a nice overlapping region between the two datasets, where issues of scale (1.3 vs. 4-km) can be evaluated. NARCCAP offers a much larger grid spacing, but may also be useful in the future to compare. 

In FY12, the primary focus was on the CO Headwaters historical simulations in order to develop a flexible framework using open source software.



Approach

e Collect and extract extreme storm events from
downscaled NARCCAP and WRF simulations
(FY12)

* |dentify ingredients contributing to extreme
precipitation events in the Colorado Front Range
using statistical methods (FY12)

« Evaluate temporal and spatial variability in
iIngredients-based predictors of extreme
precipitation (FY13)

Disclaimer: All results shown in this slide presentation are PRELIMINARY and should be treated as such. For more info, please contact the author.
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The approach to use this data, therefore, is to collect/extract extreme storm events data and diagnose the ingredients for each of the extreme storms using statistical modeling. Future work will entail evaluating the spatial and temporal components.


Approach

Doswell et al. (1996) outline ingredients-based approach for flash
flooding

Ingredients-Based Methodology
for Convection
Ingredients include:
- Moisture availability N

- Precipitation efficiency /

i TY _
= Storm motion | INSTABILITY |[«——| MOISTURE

Source: COMET/MetEd

|dentify forcing mechanisms responsible for extreme precipitation

- How do these variables change under future climates?

- Does this affect the risk for more frequent or intense storms?

- What are the implications for dam safety and operations?

- Is the change uniform across the western US?

- Can we use this information to inform storm maximization efforts?

Disclaimer: All results shown in this slide presentation are PRELIMINARY and should be treated as such. For more info, please contact the author.
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We will be using the conceptual framework of Doswell et al. (1996), who outlined an ingredients-based approach for application in flash flooding, where the ingredients were moisture availability, precipitation efficiency, and storm motion. Similar approaches have been applied for determining risk of convection (seen in the graphic at right). 

We use this to guide decisions on which data are pertinent to the generation of extreme rainfall. How these ingredients change in the future is the real task at hand….. we have several subordinate questions that serve to answer that larger research question….. READ THEM


Task: Collect/Extract Data

No spatial smoothing Spatial smoothing with 3x3 kernel

CO Headwaters Project:
- Hourly, 4-km grids
- Oct 2000 — Sept 2008
- Dally, total liquid precip
*Warm Season: Jun-Sept
* All Season: all months

Spatial/Temporal Smoothing:
- 1x1 and 3x3 Kernels
- 1- and 12-hour moving average
- Focused on 3x3 with 1-hr smoother

Spatial smoothing effect on rainfall grid. The original
rainfall grid (left) and 3x3 kernel filtered rainfall

grids on July 26th 2007.

Disclaimer: All results shown in this slide presentation are PRELIMINARY and should be treated as such. For more info, please contact the author.
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Since the focus is on the CO Headwaters Project, let’s recall that there are 8 years of continuous hourly, 4-km grids. NCAR evaluated summer season and all season total liquid precipitation amounts. Different spatial and temporal smoothing techniques were applied to reduce noise and potential outliers at isolated grid cells or time steps. However, during the summer, convection is often isolated with large rainfall amounts and this may reduce the magnitude of such events. After reviewing multiple smoothing options, the 3x3 spatial kernel and 1-hr temporal smoother was applied.

The effect of smoothing can be seen on the right, with the isolated large precipitation amounts in the lower left corner reduced. However, the general spatial pattern is conserved.


Task: Collect/Extract Data

Top 20 Events:

- Historical (+/- 1 day) WRF model output [y

* Total liquid precipitation 7/8/2006
8/30/2003

* Meteorological variables AT
- Moisture (RH, q) 7/23/2004
- Winds (dir, speed) 7/6/2006
- Heights 8/4/2007
- Temperature b
* Underlying topography 7/6/2006

7/9/2006
8/7/2008
7/20/2007
7/28/2007
7/6/2006
8/6/2006
8/7/2008
7/6/2006
7/22/2002
7/28/2007
8/9/2001

- Elevation, aspect*, slope*

Disclaimer: All results shown in this slide presentation are PRELIMINARY and should be treated as such. For more info, please contact the author.


Presenter
Presentation Notes
Once the smoother is applied, the top 20 events are selected. For the 3x3 kernel and 1-hr smoother, the top 20 events are shown at right.
For each event, we collected the precipitation, meteorological variables, and underlying topography. So, now that we have the data in hand, we can begin processing and analyzing that data.


Task: lIdentify Ingredients

Traditional models:

*Linear regression (normal, continuous)

LINEAR REGRESSION MODELS LACK THE ABILITY TO
CAPTURE NON-NORMAL DISTRIBUTIONS

Generalized Linear Models

* Relate response of dependent variable to linear combination of predictors

* Response of dependent variable assumed to be a realization from any
exponential family distribution

G(E(Y)) = n=f(X)+e=XB"+¢

G(.) link function

X set of predictors/indep. Variables
E(Y) expected value of response variable
€ error

6 model parameters

Disclaimer: All results shown in this slide presentation are PRELIMINARY and should be treated as such. For more info, please contact the author.


Presenter
Presentation Notes
Statistical models typically focus in the realm of linear regression. However, this restricts the predicted variable to be from a normal and continuous distribution; however, variables are often non-normal and non-continuous. For example, in the current study we wish to model the occurrence/non-occurrence (binary/logistic) and magnitude of precipitation (typically gamma). Other options are poisson (discrete). Due to the limitations of the traditional linear models, they are not an acceptable method for these different distributions. Generalized linear models offer an alternative that allow the response of the dependent variable to come from a linear combination of predictors, such that the response is assumed to be a realization from any exponential distribution. The equation provided here is the general form of the GLM. Such that rather than modeling y, now modeling f(y) which is the link function G

G(.) is the link function, X is the set of predictors or independent variables, E(Y) is the expected value of the response variable and ε is the error. In a linear model the function G(.) is identity. Depending on the assumed distribution of Y there exist appropriate link functions (McCullagh and Nelder, 1989). The model parameters, β, are estimated using an iterated weighted least squares method that maximizes the likelihood function as opposed to an ordinary least squares method in linear modeling. 


Task: lIdentify Ingredients

Use BIC to select best subset of predictors (initial total
predictors = 37)

Resolves issue of over-fitting by adding predictors

Further resolution of best subset by significance of
Betas

Steps:

(1) Model the occurrence/non-occurrence (logistic)
(2) Model the magnitudes (gamma)

Disclaimer: All results shown in this slide presentation are PRELIMINARY and should be treated as such. For more info, please contact the author.
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The model fitting was coded in R and the best subset was determined using BIC to reduce over-fitting.


Task: lIdentify Ingredients

MODELING FRAMEWORK _ —
Identify the Top 50 Precipitation Threshold Value

-Spatial domain for each
storm Set pixels

-Storms treated < Pthresh =0
independently >=Pthresh =1

Model using GLM logistic
Predict the probability of occurrence
Top 50 probabilities considered as “1”s

Extract weather variables at the predicted “1”s

Model magnitude using Top 50 Precipitation Values

Storm_by_Storm Focus Predict the magnitude at those locations

Compare predicted locations and magnitudes

Disclaimer: All results shown in this slide presentation are PRELIMINARY and should be treated as such. For more info, please contact the author.
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Here is a flow chart where the top box is the logistic regression and the lower box uses a gamma distribution link functions. Due to the limited sample size of storms =20; we increased this number to 50 to ensure N>P. The weather variables at the resulting ‘1’s are extracted and then used to model magnitude at those locations. We then compare the predicted location and magnitudes. 


Task: lIdentify Ingredients

Obs(black) vs. Pred(red) [All 0,1] BSS=0.145
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Disclaimer: All results shown in this slide presentation are PRELIMINARY and should be treated as such. For more info, please contact the author.
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August 9th, 2001: One of the poorer storms modeled, BSS of 0.145. Errors in magnitude fairly large (11-17mm)- results from clustering of magnitudes around 30-40mm (still inherently linear inside)

Plot 1- Comparison of predicted locations (red) and top 50 observed storm locations (black) for a single event; green triangle is the 3x3, no temporal smoothing (blue other resolutions)
Plot 2- Comparison of observed vs. predicted magnitudes (black); green and blue triangles same as in Plot 1.
Plot 3 – Same as Plot 1, except predicted points must meet the original value for threshold exceedance (i.e., if prediction results in lower values that actual)



Task: lIdentify Ingredients

Obs(black) vs. Pred(red) [All 0,1] BSS=1
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Disclaimer: All results shown in this slide presentation are PRELIMINARY and should be treated as such. For more info, please contact the author.
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July 8, 2006: Perfect on location of 0,1. Magnitudes better- this is best of all 20 storms with RMSE of 2 (all) and 8 (3x3)



Task: lIdentify Ingredients

Summary of Skill Scores

* Location is relatively well-predicted
* All events BSS>0 (better than climo)
e Max =1.0, Min =0.07, Mean = 0.40

 Magnitude also well-predicted, in general
e Mean RMSE =12 mm (0.05”) all storms
e Mean RMSE =7 mm (0.03”) 3x3 storms

ISSUES:
» Definition of threshold may skew results
* Low variance in observations - near
zero correlation
* Predicted 1s in regions of lower
precipitation amounts -
underestimation

Disclaimer: All results shown in this slide presentation are PRELIMINARY and should be treated as such. For more info, please contact the author.


Presenter
Presentation Notes
This is a summary of all skill scores for the 3x3 example. Relatively better than climo, RMSE average for 3x3 is 7mm or 0.03”. There are some issues, however, with the method including: definition of the threshold by lowest value in top 50 may skew results, low variance in observations, 1s predicted at lower precipitation amounts…a general underestimation.


Task: lIdentify Ingredients

Above (black) vs. Below (red) ThreshP Above (black) vs. Below (red) ThreshP

3000

EVALUATION OF MOISTURE:

200 400

0 1000

0

0.005 0.0000 0.0005 0.0010 0.0015

e Slightincrease in cloud moisture
at 7OOhPa . . Above (black) vs. Below (red) ThreshP Above (black) vs. Below (red) ThreshP
e Increased relative humidity (10- .
20%) at/above 700hPa
« POTENTIALLY INDICATES:
 Higher moisture aloft in
extreme storms e e
° H|gher preC|p|tat|0n eff|C|en Cy Above (black) vs. Below (red) ThreshP Above (black) vs. Below (red) ThreshP

in cloud layer 'v

20 40 60 80 100
rh500 rh700

qc250 qc500

5000

0 2000

0.000 0.010 0.020

Black = Above Thresh; Red = Below Thresh

Disclaimer: All results shown in this slide presentation are PRELIMINARY and should be treated as such. For more info, please contact the author.
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We also investigated the individual components that went into the regression. Here we compared non-extreme vs. extreme rainfall (> Top 50 value) and lumped all storms together. Cloud mixing ratio shown here, shows shift in RH and Qc at 700 hPa. Increased moisture aloft and higher precipitation efficiency in cloud layer.
RED= Below Threshold BLACK=Above Threshold


ldentify Ingredients

Above (black) vs. Below (red) ThreshP Above (black) vs. Below (red) ThreshP

0.20 0.30

=
)
o
o
<
o

Black = Above Thresh; Red = Below Thresh

EVALUATION OF TEMPERATURE:

o Slightly warmer temperatures aloft (500hPa,
250hPa)
e Cooler temperatures at 700hPa
« POTENTIALLY INDICATES:
 Latent heat release aloft
* Precipitation production in cloud layer

Disclaimer: All results shown in this slide presentation are PRELIMINARY and should be treated as such. For more info, please contact the author.
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Here we show an example of temperature, slightly warmer aloft 500mb, lower at 700- latent heat release aloft, precip production near cloud layer?


Task: lIdentify Ingredients

Above (black) vs. Below (red) ThreshP Above (black) vs. Below (red) ThreshP

EVALUATION OF WINDS:

0.00 0.03 0.06

0 100 150 200 250 30

« Stronger easterly flow at 700hPa
« Same magnitude but more
westerly flow at 500hPa
 Weaker more southerly flow at
250hPa
« POTENTIALLY INDICATES: - : : o ® w W 2 2 w0 w0
* Increased moisture at low-

I evel S Above (black) vs. Below (red) ThreshP Above (black) vs. Below (red) ThreshP

e Shear 700-500hPa "‘i

Above (black) vs. Below (red) ThreshP Above (black) vs. Below (red) ThreshP

0.004

0.00 0.06 0.12

0.000 0.002

e Slower storm motion

0.0005 0.0020 0.0035

50 100 150 200 250 300 350

wind700 windir700

Black = Above Thresh; Red = Below Thresh

Disclaimer: All results shown in this slide presentation are PRELIMINARY and should be treated as such. For more info, please contact the author.
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Winds: Stronger easterly flow at 700hPa, weaker flow at 250hPa. 


Preliminary Findings

Above (black) vs. Below (red) ThreshP

EVALUATION OF OTHER VARIABLES:

 Higher sea level pressure (2-3 hPa)

 Southeast facing terrain based on 0 1
azimuth of aspect preferred for
heaviest rain

« Elevation of heavy rain ~200m higher
at mean of 2800m

Above (black) vs. Below (red) ThreshP

Black = Above Thresh; Red = Below Thresh

Disclaimer: All results shown in this slide presentation are PRELIMINARY and should be treated as such. For more info, please contact the author.
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Other variables were also investigated….SLP higher by 2-3 hPa; southeast facing terrain preferred, elevation around 200m higher than non-extreme events. 


Summary & Future Work

Statistical modeling approach is acceptable but requires
refinement - Local Polynomial (Clark and Slater, 2006)

Storm-by-storm insufficient for capturing climatological
perspective =2 lump all storms to increase sample size

Raw meteorological variables fail to tell the whole story -
Need to generate additional variables (e.g., Qflux, IPW)

Spatial perspective completed = Use temporal application

Robust, flexible framework developed - Apply to PACE WRF
and climate change perturbation runs to examine spatial
and temporal variability and dependencies

Disclaimer: All results shown in this slide presentation are PRELIMINARY and should be treated as such. For more info, please contact the author.
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So, what have we learned thus far? READ LIST


Questions/Comments?

Disclaimer: All results shown in this slide presentation are PRELIMINARY and should be treated as such. For more info, please contact the author.
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