CLIMATE CHANGE FOR INLAND HYDROLOGY TOOLS AND

. BEST PRACTICES FOR FRM STUDIES
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» There are many kinds of climate changes that could affect USACE projects.
For example, extreme heatwaves could be important in MILCON where
soldiers are not allowed to drill outdoors is excessive heat and hospitals need
to be ready to install more air handlers. But for FRM the most important
climate changes are likely to be focused on altered inland hydrology,
especially flood frequency.



FRM-PCX - WE’'RE HERE TO HELP!!!

...BUT WE NEED YOUR HELP TOO!

» The Goal:
> Timely webinars on specific topics that can
help you and your FRM study RIGHT
NOW!

» Provide individual presentations/training to
teams on specific topics relevant for your
FRM study

» Provide individual support to teams to help
work through specific FRM chaiienges
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« WE NEED YOUR HELP!!!

* We need you to reach out and ask for help.
« And tell us what your challenges are!

* We can provide advice and assistance free-of-charge either and/or find the right

SME to help.

* Here’s our goal...

»  Timely webinars on specific topics that can help you and your FRM study

RIGHT NOW!

> Provide individual presentations/training to teams on specific topics relevant

for your FRM study

> Provide individual support to teams to help work through specific FRM

challenges

»  I'min anewly created position with the PCX to do just this! You
don’t need to provide me a labor charge code! Please reach out,
invite me to a meeting, or even just run some of your recent
decisions, assumptions or results by me to make sure we aren’t

missing anything.

»  Please reach out to either myself or the Deputy Director with any questions.




PRESENTATION SUMMARY - INLAND CLIMATE CHANGE FOR

INLAND FRM PLANNING

» Whatis Inland Climate Change?

» Why is Inland Climate Change

important for FRM Studies?

» Inland Climate Change
Overview — Policy and
Guidance
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EXECUTIVE SUMMARY OF CLIMATE CHANGE TOOLS AND BEST PRACTICES FOR INLAND FRM

>

<

» STEP 1: Start with literature review

» STEP 2: Assess observed record using Nonstationary Detector

Inland climate change effects are more uncertain than coastal
POLICY: Requirement is for a qualitative assessment of potential
vulnerabilities

» This may change as science matures

» Quantitative adjustments require approval from CPR CoP

> If found and attributable, follow existing guidance

> If not attributable, make risk-informed choices to censor or m

re-regulate record, ask for assistance if needed

» STEP 3: Use Climate Hvdrology Assessment Tool (CHAT) tool to project future flows, assess project risks

» STEP 4: Vulnerability tool indicates if project site, business line combination is relatively more

vulnerable, and why ,—\
The “So What”: Informs formulation, documents risks in project report, Il Ek‘
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WHY IS THE CLIMATE CHANGING?
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* There are many components to the energy balance of the Earth.
Longwave radiation, shortwave radiation, sensible heat, latent heat,
absorption and re-emission.

« But it all boils down to the overall balance, the excess or deficit, that
determines whether the climate will change or stay in a dynamic
equilibrium

» The Earth’s energy budget is presently out of balance by about 0.6
W/m2. That might not sound like much compared to a 100 watt light
bulb, but of course, the Earth has a lot of square meters.

* Human burning of fossil fuels has enhanced the greenhouse
effect and made the energy going out ever so slightly less than
the energy going in, causing the atmosphere to warm.

+ USACE climate adaptation policy is actually agnostic about the cause of
the warming, although the science is pretty settled on the causes by now.
(USACE, and the DoD, have other policies about climate mitigation, but
that’s not the topic of this webinar).

* No matter why the climate is changing, it is changing. And for
USACE projects to perform as intended, our designs must incorporate
that change




WHY IS THE CLIMATE CHANGING?
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» The concentration of heat-trapping gases in the atmosphere like carbon
dioxide, methane, and nitrous oxide has increased dramatically and
recently.

+ CO, concentrations have increased about 25% just since 1960.
» Concentrations are well above even the uncertainty in

measurements from the last several hundred thousand years

» The climate consequences of these changes in greenhouse gases will take
centuries to millennia to play out.

» Therefore we have high confidence that the changes won’t be

reversed anytime soon, like on the scale of a USACE project lifecycle.




CLIMATE ADAPTATION AT THE SCALE OF ACTIONABLE SCIENCE
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+ Climate adaptation activities are most focused when assessing the impacts of
changes that we have high confidence will continue. Four kinds of impacts
are especially certain:

+ Extreme heatwaves will be more common (and extreme cold less
common) as the Earth’s average temperature increases [upper left]

» Coastal flooding will be more common, driven primarily by global mean
sea level rise [upper right]

» Droughts will be more common because a warmer atmosphere can
hold more water and is therefore more efficient at drying the land
surface [lower left]

» Heavy rainfall will be more common, again due to the atmosphere
being more able to hold and transport larger volumes of water [lower
right]

* In contrast to these changes, there are many processes and associated
uncertainties affecting changes in river flow (fluvial geomorphology,
ecohydrology, and human activities just to name a few). Therefore our
adaptation activities in this arena are relatively are broad and general, for
now.




USACE APPROACH: CLIMATE IMPACTS TO INLAND HYDROLOGY

» Potential climate changes represent uncertainty in FWOP and FWP conditions
» Projects must perform as intended despite uncertainty
» Inland changes are more complex than sea level change

» Sea level mostly just goes up; the rate of change is uncertain

» Inland changes can have varied directionalities, feedbacks, tipping points

» At this time, inland changes addressed with a qualitative assessment of
potential project vulnerabilities
» Requirements may change as science matures
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* In contrast to sea level change, which requires a quantitative adjustment of
future conditions in design, inland hydrological changes are much more
complex and uncertain. As a result, we are only required to perform a
qualitative assessment of potential project vulnerabilities.




FUTURE WITHOUT-PROJECT CONDITION SCENARIO(S) (FWOP)

» Singie most important scenariol
» Basis of comparison for alternatives

» Primarily a qualitative effort for initial iterations
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» Assumptions — trends, actions by others
» Will FRM problems get worse or better without
Federal action?
» How might climate change impact the future?

» May have more than one future without project
scenario
» Best practice is to identify one “most-likely”
FWORP to identify TSP and then compare back

to other possible FWOPs.
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» The single most important scenario that we will forecast and compare against our
alternatives.

* Qualitative in initial planning iterations and scoping phase
* Primarily based on existing information
» Becomes more quantitative in later iterations when moving towards the TSP.

* Quantitative incorporation of Climate Change in FWOP need prior approval from
Climate Preparedness and Resilience (see slide 12)

* There’s a great deal of uncertainty in the future, so we can’t predict it perfectly.
Therefore, there’s multiple different future realities that we have to think about.

* However, to the best of our ability we want to narrow these possibilities
because the Future Without Project is the baseline to define our problem and
the baseline that we compare all alternatives to. So, the more possible futures
you have, the more evaluations and comparisons you have to do.

+ Make reasonable assumptions, that you can document and get buy-off from the
vertical chain and review team throughout the process for significant
assumptions.

» Climate Change will require us to look qualitatively at projecting potential
future impacts

+ Sea Level Change will always require us to look at multiple future’s at least in
terms of doing a sensitivity analysis. See FRM-PCX Webinar #4 for more detail
on SLC.




FORECASTING + Some typical forecasts in FRM:

(& PROJECTING CLIMATE CHANGE) % Hydrology
+ Projected climate change

> What is a forecast? . andSLC ( A )
> Potential future reality * Hydraulics S )
+ Roughness, infiltration, —

» Period of Analysis (50 years) vs.

Project Life (50+ years) runoff

%+ Economics
+«+ Population, development,

land use, risk
» Why do we forecast? < Environmental
» Anticipate future conditions % Habitat quality/quantity
» Understand benefits of the project
> Identify & adapt to changes % Typical projections for Climate Change:
(including climate change) * Rainfall
& Nraninhte
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POonsS EI
4 g
of Engineers * @

*
0.0 *

*
.0

)

*
.0

-,

K7
P.O

<4

» Period of Analysis = The time horizon for project benefits, deferred installation costs, and OMRR&R
costs. Use the same period of analysis for all alternative plans.

+ Doesn’'t have to be full 50 years, future year can be more reasonable based on development
plans, etc. And than truncated. Just need to document why these assumptions were made
and why they are reasonable.

+ Base Year vs. Future Year
* Project Life = how long we think proposed projects will last and perform.

* Interms of Climate Change and SLC we are concerned about how the project performs over
the project life, not just the period of analysis.

We need to be transparent about our assumptions and convey to decision-makers what the risk is
to our decision should any of these conditions prove to be different than our forecasts and
projections.




FUTURE WITH PROJECT SCENARIO(S)

» Most likely future condition if a plan of action is
taken
» Hydrology, Hydraulics, Economics, Geotech,
Environmental
» Will there be downstream or upstream impacts?
» Whatis the residual risk?
» How robust is the plan to an uncertain future?

» Purpose of the with-condition scenario is provide
the narrative for evaluating the plan’s effects

» Different with-condition for each plan

» Account for changes and uncertainty in the with
condition scenarios

» Document assumptions along the way and TELL
YOUR PLANNING STORY!
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* We want to look at how the with project scenarios perform considering the
range of climate change impacts. At a minimum, we do this qualitatively using
the tools described later in this presentation.




PLANNING WITH UNCERTAINTY - INLAND CLIMATE CHANGE

Requirements:

Inland Hydrology > Qualitative (usin o USACE tools)
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ECB 2018-14 assessment of potential project
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usamy cos CONSTRUCTION BUIL l ETIN

No. 2018-14 I

» Ifinland Climate Change will change

your FWOP baseiine anaiysis, prior
approval from CP&R CoP required.

SUBJECT:
Works Studies,

CATEGORY

» The Goal:
Giimata Hydiciogy Assessment Tooi - PROD » To consider and incorporate climate chan
A;my orpoiohEngineers trends, impacts and uncertainty in

s hydrologic studies

» Document assumptions, methods and

™ results

> USACE Tools!:

o » https://lwww.usace.army.mil/corpsclima
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« Start this as soon as possible! Early in the study reach out to your CP&R rep.

+ Changes to inland hydrology, to include changes in river flow frequency and
rainfall intensity, are more complex than SLC so we are less sure about the
direction of change, although they make theoretical sense based on climate
science. So in that arena we only require, for now, a qualitative assessment
of potential changes and potential project vulnerabilities; we do not require
any change to the normal H&H engineering process. If a team desires to use
an altered FWOP based on an assumption or projection of altered hydrology,
they have to get prior approval from Kate White and/or Jeff Arnold.

* 4 Tools available for use:

» Climate Hydrology Assessment Tool, Nonstationarity Detector, Vulnerability
Assessment, and Timeseries Toolbox. According to the ECB there isn't an
ironclad rule to use any of them (and an ECB isn't an ER anyway so it doesn't
really require in the same sense) but running the NSD, CHAT, and VA are
going to be much, much easier than doing any of that stuff on your own. It
more difficult to satisfy the requirements of climate ATR as laid out in the
review guide and the ECB without using those three tools.
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ECB 2018-14: CLIMATE CHANGE IMPACTS TO INLAND HYDROLOGY
IN CIVIL WORKS STUDIES, DESIGNS, AND PROJECTS
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START HERE

RESOURCES

coordinate these with CoP

1g Conditions and Future Without Project

Literature Review: Current Climate
and Climate Changes Already
Observed in the Project Area

NWS Climate Summaries, station data

from the Cooperative Observer Network,
hesis reports

yntl
wed sources

SNOTEL, state clima
and other peer-re

¥

Investigate Trends in Annual
Maximum Flow and other Relevant
Climate Variables

USACE Climate Hydrology Assessment,

Nonstationarity Detection, and Time
Series Tools

Phase I1: Vulnerability Asiessment (Existin

Condi

Investigate Projected Trends in
Hydrology and Other Relevant
Variables in Project’s HUC 4

z = 3 Watershed USACE Climate Hydrology Assessment
2 o dhigr

E s - __Tool. Civil W orks W ar_crslfcd .

] = v y t Tool; other

Watershed and HUC-4 Level
Vulnerability Assessment

peer-reviewed sources

. 3

Complete Quantitative Hydrology

and/or Sea Level Change Assessments,

iIf Required

>

Subject Matter Experts and CPR CoP
iLeads

-

R 2

E = Identify Risks to Project Features,
Literature Review: Projected Climate = E, and, if applicable, <]
Change and Projected Changes in = E Anticipated Thresholds Reached, and PDT and Subject Matter Experts
Relevant Climate Variables 1 2 Possible Adaptive ponses Once
— (o) > Thresholds are Crossed

tions)
lJ;;
18
z
- 4E
2 x
gz

|

L]

US Army Corps
of Engineers *

* The qualitative assessment described in ECB 2018-14 contains four major
components, detailed in this diagram which appears at the end of the ECB
(the flowchart was broken in two for this presentation). The chart shows each
step along with the relevant resources and outputs. These four general steps
are:

* Review available scientific literature on climate change in the project
area

* Investigate observed changes in past data

* Investigate projected changes in modeled future climate data

» Assess potential project vulnerabilities based on future projections
» Each step will be detailed in the following slides
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INLAND HYDROLOGY STEP 1: LITERATURE REVIEW

PHASES START HERE RESOURCES
| | | | |

Identify relevant climate factors
Assess need for quantitative hydrology
and sea level change assessments and
coordinate these with CoP

/ \

LT Literature Review: Current Climate NWS Climate Summaries. station daft~

| . from the Cooperative Observer Network,

amd Clmate Changet Aweady SNOTEL, state climate synthesis reports

N Observedin the Project Area - ' S ; Por
\

and other peer-reviewed sources ]

Phase I
Initial
Scoping

Project
PN

» Review available scientific literature — what is known?
» Focus on government, academic, peer-reviewed sources
» Set context for vulnerability assessment

» Direction and magnitude of changes
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+ The first step is a literature review. This review should focus on government,
academic, and other peer-reviewed sources. However, less formal sources
like popular media articles and blogs can provide citations of scientific
literature which can then be reviewed.

* Both published papers and raw data can provide useful insights.

* The main idea is to find out what is already known rather than having to
reinvent the wheel
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Climate Preparedness and Resilience

About the Program

Climate change has the potential to affect all of the missions of the U.S. Army Corps of Engineers. The Climate Preparedness
and Resilience Community of Practice develops and implements practical, nationally consistent, and cost-effective approaches
and policies to reduce potential vulnerabilities to the Nation’s water infrastructure resulting from climate change and variability.
We work in partnership on this effort with other Federal science and water management agencies, academic experts, the
private sector, and other stakeholders.

USACE operations and water management control activities provide the largest challenge given future climate change and
variability. In order to ensure continued effective and efficient water operations in both the short (5-10 years) and longer term
(10—50 years), nationally consistent but regionally tailored water management adaptation strategies and polices are needed.
Such policies must balance project operations and water allocations within authorized project purposes with changing water
needs and climate-driven changes to operating parameters. This must be accomplished while working in close coordination
with a wide variety of intergovernmental stakeholders and partners.

This program will also provide planning and engineering guidance to ensure future infrastructure is designed to be sustainable

and robust in a range of potential climate changes.

Mission Statement

The mission of the Responses to Climate Change Program is

Observed climate change and variability has affected and will continue to affect USACE missions and operations. These

ohserved variabilities include changes in drousht intensity and fraguency in the late 1970¢ and ¢t
chserved variabilities include changes in drought intensity and frequency in the late 19705 and ¢

ne cea levels in the mid.
1g sz levels inthe mid

1980s. These changes in the 1970s and 1980s were followed by studies on the economic impacts of climate change in the early

Home
Climate News +
Adaptation Policy/Plan

Climate Preparedness
and Resilience

Coastal Risk Reduction and
Resilience

Application of Flood Risk
Reduciion for Sandy Rebuiiding
Projects

Comprehensive Evaluation of
Projects with Respect to Sea-Level
Change

Hydrology to Support Adaptation

Update Drought Contingency
Plans

Update Reservoir Sediment
Information

Pilots and Demonstrations
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The simplify the literature review process, CPR CoP has collected published

literature as of 2015 into 21 literature syntheses by region. These can be

accessed from the CorpsClimate website as shown.

and 2.

* Another great reference is National Climate Assessment (NCA) Volumes 1
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INLAND HYDROLOGY STEP 1: LITERATURE REVIEW

» Regional climate syntheses at the scale of
2-digit USGS Hydrologic Unit Codes (HUC)

» NOAA and EPA State
summaries also available
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* The 21 regional climate syntheses (impact assessments) are organized by
HUC-2 watersheds as shown in the map. These are very large watersheds
(Missouri River Basin, Columbia River Basin, etc.) compared to an FRM
project site but are a reasonable scale for summarizing published findings.
Remember that we don’t want to be overly precise where we can'’t also be

accurate.

* Each summary describes observed and projected changes, showing the
magnitude and direction in a summary table along with the degree of scientific
consensus for each change. In this example there is strong consensus for
increasing temperature both past and future but less consensus on changes

in precipitation
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INLAND HYDROLOGY STEP 2: NONSTATIONARITY DETECTION
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* The second step of the qualitative assessment is an investigation of past data
for nonstationarities.

* Nonstationarity simply means that something has changed in the hydrological
patterns at the project site.

* In the example on screen, the former fishing fleet of the Aral Sea now
provides shade for desert camels. If we were building an FRM project at this
site, we would want to account for this change rather than simply using the
entire record of observed data as though the Sea were unchanged

17



INLAND HYDROLOGY STEP 2: NONSTATIONARITY DETECTION

Stationarity is the
assumption that the
statistical
characteristics of a
dataset are
unchanging in time,
i.e. “the past
represents the
future.”

|
" Yy
been a fundamental

concept underlying
hydrologic analysis.

-
J
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Guidelines for Determining Flood Flow Frequency
Bulletin 17C
Chapter 5 of

Section B, Surface Water
Book 4, Hydrologic Analysis and Interpretation

Techniques and Methods 4-85

Climate Variability and Change

There is much concern about changes in flood
risk associated with climate variability and long-term
climate change. Time invariance was assumed in the
development of these Guidelines. In those situations
where there is sufficient scientific evidence to facili-
tate quantification of the impact of climate variability

or change in flood rigk, this knowledge should be

ecge ould

incorporated in flood frequency analysis by employ-
ing time-varying parameters or other appropriate
techniques. All such methods employed need to be
thoroughly documented and justified.

The Work Group did not evaluate methods to

account for climate variability in flood frequency.
Additional work in this area is warranted. Some
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» The stationarity assumption traditionally underlies hydrological analyses by
allowing us to assume that observed data from the past represents the future

(and the present).

« Standard guidelines for flood flow frequency, such as Bulletin 17C of the
Subcommittee on Hydrology, assume stationarity in statistical characteristics

(mean, variance, skewnes) of observed flood data

18



CAUSES OF NONSTATIONARITY

Increase in Probability of Extremes in a Warmer Climate
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* There are several potential causes of nonstationarities. These include:

» Land use change, such as conversion of forest to farmland, alters the
fraction of precipitation that is partitioned into runoff versus interception
or infiltration [upper left]

» Drainage projects, such as surface ditches and subsurface drains, can
change how quickly rivers respond to precipitation input [lower left]

« Water resource infrastructure like dams, levees, and bypasses create
nonstationarities on purpose. A dam that doesn’t change flow/stage
frequencies isn’t working [upper right]

+ Finally, climate change can cause nonstationarity in hydrology by
changing precipitation and evapotranspiration patterns
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DETECTING NONSTATIONARITIES

Nonstationarity Detector Trend Analysis Method Explorer

Nonstationarities Detected using Maximum Annual Flow Site Selection
cta state

» 12 change point tests

» 4 trend tests

» Assumptions, sensitivities vary
among tests

» Look for consensus,
robustness, and magnitude

» https://maps.crrel.usace.army.
mil/projects/rcc/portal.html

Mean e n All Nonstationarities Detected
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* Many statistical tests for nonstationarities exist, but most USACE engineers and planners
aren’t statisticians and don’t want to be. So CPR CoP created a nonstationarity detection web
tool to make these tests easier and quicker to perform.

* The NSD tool only checks annual peak streamflow datasets at USGS streamgages
» The tool offers 12 tests for sudden changes and four tests for smooth trends over time

* Why so many tests? Because they each have their own assumptions, strengths, and
weaknesses. Some can find only one change in the record, others can find many;
some require that we assume the data has some underlying distribution, others are
nonparametric; some tests find the last year before a change and others find the first
one after it

» Because there are so many tests, we are likely to find at least a change or two in almost any
record we assess. To decide if a detected change is serious enough to bother with, we look
for:

« Consensus, meaning multiple tests found the same change at (about) the same time

* Robustness, or multiple kinds of changes (e.g. change in the mean and also variance,
or mean and distribution) which indicates something fundamental has happened to
cause this multifaceted change. The right panel shows four tests detected two kinds
of changes (distribution and mean, indicated by blue and red vertical bars) in the early
1940s at this gage, which seems worth investigating. The other flagged changes
were only found by one test each so they are less concerning.

* Magnitude: some changes can be statistically significantly different from zero, but do
they really matter to the project? This is where local expertise and expert judgment
are key. The lower left panel shows a change in average annual peak flow from
about 2000 cfs to about 4000 cfs. Does this magnitude of change matter? Thatis a
decision for the project team.

* The right side of the right panel shows all the options and adjustments available to the user,
which we don’t have time to describe here. But they are explained in the user guide.




DETECTING NONSTATIONARITIES
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Nonstationarity Detection Tool (NSD)
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o, Jsing the Spearman Rank Order Test at the .05 level of significance Pesssscknowigys o US Ay Cop o of Engineers *

* In addition to change point tests, the NSD tool also detects smooth trends in
annual peak streamflow

» This functionality is accessed from the second tab in the tool, “Trend Analysis’

* In this example, no trend was found using either the Mann-Kendall or the
Spearman Rank Order tests (at the p < 0.05 significance level)

)
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THE TIMESERIES TOOLBOX: ANOTHER TOOL FOR
NONSTATIONARITY DETECTION (AND MORE!)

— Multiple, Diverse Capabilities
The Time Series Toolbox has a selection bar at the header, enabling the user’s quick navigation to the analytic capability
of interest. Using this bar, the user can move to different pages to run a variety of statistical tests (listed below) and
visualize analytical outputs in a series of plots and graphs.

Users can select the capability of choice via a navigation bar at the top of the application

— -'1'5-'2'@'-'3'3“ "2'5-3'5-?3“—

1. Data Visualization 4. Nonstationarity Detection

Pre-process user-uploaded data by identifying and Apply a series of statistical tests to assess the
interpolating missing values, aggregating data at higher stationarity of the data and identify continuous periods of
time steps, and visualizing the data over time. statistical homogeneity.

2. Trend Analysis 5. Breakpoint Analysis

Identify and measure the trends present in the time Identify breakpoints in the time series data using the
series data using models to find trend line slope, structural change framework (i.e. running hypothesis
hypothesis tests of trend direction, and summary stats. tests on regression model errors).

3. Seasonal Decomposition 6. Time Series Modeling

Identify and measure the seasonality present in the time Determine the appropriate time series model by using

series data using selected seasonal decomposition techniques that control for seasonality, trend, and
methods (MA Decomposition and STL). nonstationarities and visualizing outputs. *

US Army Corps
of Engineers *

» The NSD tool only shows analysis of annual peak streamflow at USGS
gages. What if the project site has a non-USGS gage or the team would like
to assess other datasets such as low flows, volumes, stages, or rainfall?

* We created the Timeseries Toolbox for this purpose. It has all of the
functionality of the NSD tool plus more capabilities such as time series
modeling and seasonal decomposition, and you can upload any dataset you
want!

* The downside is that the tool may take a few minutes to run because it is
doing the tests realtime rather than serving up pre-run results. You can speed
things up by aggregating data if appropriate (extracting annual peaks rather
than uploading daily data, for example)
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WHAT TO DO IF YOU FIND A NONSTATIONARITY?

» If the change can be attributed to infrastructure changes, land-use changes,
land cover changes:
» Follow existing guidance e.g. EM 1110-2-1417, Ch. 18
» If change cannot be attributed:
» Engage CPR SMEs for assistance
» Consider truncating record with caution: reducing record length increases
uncertainty bands for economic analysis
» Consider an envelope approach to pre- and post-change frequency curves

What's the risk?

@ E4

L]

US Army Corps
| Us Army Corp

 If a nonstationarity is detected, then what?

» The first question is whether the change can be attributed. If the change is
due to the installation of a dam or the urbanization of a watershed, for
example, then existing guidance has been available for a long time, and
should be followed. It's unlikely that USACE FRM planning teams are not
aware of an upstream dam but sometimes the NSD tool can detect a revision
to water control manual or other alteration that might have been forgotten
over the years

+ If the detected change cannot be attributed, then several options exist to
assist further investigations. It might seem sensible to throw out the earlier
data that no longer applies to the present conditions, BUT recognize that this
reduction in sample size will increase uncertainty and widen the confidence
bands in FDA, with consequences for economic outputs.

* An envelope approach might also make sense, in which two frequency curves
are generated and the higher of the two is used for any given exceedance
probability. But again this may create unintended consequences such as
sharp discontinuities in net benefits

*+ CPR CoP SMEs are available to assist if you aren’t sure how to proceed
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INLAND HYDROLOGY STEP 3: PROJECTING FUTURE CHANGE:
THE CLIMATE HYDROLOGY ASSESSMENT TOOL

/LRECLAMAT[()N ZUSGS

» Collaboratively Produced Projections
» Monthly Streamflow

» Jan 1950 through Dec 2099

» HUC 4 watershed scale

» Obtain Annual Maximum

8 4 G5

(((((((

SCRIPPS INSTITUTION OF OCEANOGRAPHY

S NAawmnmaenalad Climata 2 vArAalAa~Avy DreAaian tinno
' g LJUVVIID\;C!ICU \J|||||alc X1 IyUIUIuyy r IUJU\JLIUIIO

» Unregulated watersheds modeled using Variable Infiltration
Capacity (VIC) model

https://maps.crrel.usace.army.mil/projects/rcc/portal.html

i

US Army Corps
of Engir’\leersp'

» After checking past data for observed changes, the third part of the analysis
involves assessment of projected future changes

+ USACE and partner agencies have collaborated to produce projected mean
monthly streamflow datasets through the year 2099

* Annual maxima of these mean monthly flows were then extracted for
analysis

« These projections are at the scale of the HUC-4 watershed

» Temperature and precipitation from General Circulation Models
(GCMs) are used to force the VIC hydrology model to generate flows,
BUT the model is not locally calibrated and does not include the effects
of regulation by dams, etc. As a result the projected flows are not
correct; instead they give a sense of how future flows may be expected
to change in magnitude and direction in a relative sense
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PROJECTING FUTURE CHANGE: THE CLIMATE HYDROLOGY

ASSESSMENT TOOL
CPT——

1o R et
Il-.v;' UO ATy LOTPS OF EnNgineers
Tool T

Home NEVEIEE

Annusl Maximum  Projected Annusl Max Monthly  Mean Projected Annual Max Morthly  Huc-4 Refrence Map T

Reference Map of HUC-4 Watersheds

F

>electea
(Hover Over Trend Line For Significance (p) Value)
Cirate 1y 600 Ashessmert Tooiv 1.0

US Army Corps
of Engineers ®

+ The front page of the CHAT tool allows the user to select a gage from the
pulldown menu or by searching by name. It also shows the HUC-4 watershed
map and a simple linear regression of observed past annual peak
streamflows for context
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PROJECTING FUTURE CHANGE: THE CLIMATE HYDROLOGY
ASSESSMENT TOOL

iMmcimum  Frojected Annusi Max Monthly  iviesn Frojecied Annusi ivisx Monthiy  Huc-4 Reference iisp

Range of 93 Climate-Changed Hydrology Models of

Ly B

US Army Corps
of Engiryleersp'

* The second tab shows the projected flows. There are 93 different traces of
projected future flows because there are 93 combinations of GCMs and future
emissions scenarios (also knows as Representative Concentration Pathways
or RCPs). This produces a spaghetti-like jumble of traces, so to make things
simpler we just show the upper and lower bounds of the spaghetti and the
mean (in blue).

» Clearly there is a lot of uncertainty in future flows, this is part of the point! We
see an increase in flow on average, but a large range of conditions that could
potentially impact project function.
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PROJECTING FUTURE CHANGE: THE CLIMATE HYDROLOGY
ASSESSMENT TOOL

Annusi Maximum  Projected Amusi Max Monthly  Mesn Projected Annusl Max Monthly  Huc-4 Reference Map

Trends in Mean of 93 Climate-Changed Hydrology Models of M08-So uthwester

| ‘ ,:x:‘ .
’ WW VT E

| I Earter
LV VT -

@ E4

L]

US Army Corps
of Engir’\leersp'

* The third tab shows the projection mean from the previous plot, with a divider
between “earlier” and later data set by default at the year 2000. This allows
the user to see how the projected changes might be expected to trend for
various time periods in the past and future.

* Note that projections in the past do not match observations due to the lack of
local calibration, lack of regulation, and idiosyncrasies of individual events in
the past.

» The user can hover over the line for p-values and regression formulas
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INLAND HYDROLOGY STEP 4: PROJECTING FUTURE ISSUES:
THE VULNERABILITY ASSESSMENT TOOL

_‘

Indicator 27
HUC-4 watershed 202 across US
Epoch 2035-2065 (“2050”) or

2070-2100 (“2085")

Seenare ey IR

USACE Business Line 8 of them
ORness 0.5t0 1.0 Vulnerability a.k.a.

WA /A \AT A

VV.U.VV.A. 5CO0re
(what is vulnerability?)

Vulnerability Threshold 0 to 1 (percentile) — ’—\

US Army Corps
of Engineers *

Integrated Analysis Type “Each” or “All’

» After reviewing literature, assessing observed changes, and investigating
future projections, the final step is to assess potential project vulnerabilities.
This is made simpler by the Vulnerability Assessment tool.

» This is the most complex tool and in past CPR trainings has merited an entire
day of training, so we’ll only be able to give a quick overview here

* The VA tool works by combining 27 indicators depending on the chosen
watershed and business line. Like the CHAT, it works at the scale of the
HUC-4 watershed (it uses the same projections as the CHAT)

* Vulnerability is assessed for two time epochs (“2050” and “2085”) and two
groupings of scenarios (“wet” and “dry”)

* The indicators are combined into an overall score using a weighted order,
weighted average (WOWA). The algorithm details don’t really matter, the
bottom line is higher scores indicate higher vulnerability
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PROJECTING FUTURE ISSUES: THE VULERNABILITY

ASSESSMENT TOOL

» Objective: Assess the vulnerability of
USACE'’s missions, operations, and
programs to climate change impacts

» Support USACE’s climate change

adantation nlannina activitieg
agdapiauon pianning acuvities

- 4w 49w 2 W

Navigation Flood Risk Ecosystem Hydropower
Reduction Restoration

Regulatory Recreation  Water Emergency

Supply Management

H

US Army Corps
of Engineers ®

* Any of eight USACE business lines can be assessed, but in this case we’re

only interested in FRM
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PROJECTING FUTURE CHANGE: THE CLIMATE HYDROLOGY
ASSESSMENT TOOL

N W W W
indicator | Category | Type | _Unit [l indictor | Catogory | Type | Uit [l Tndicator | Category | Type | Uit |
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* The 27 indicators are shown above. These are combined differently
depending on the business line and according to user preferences (most
users will stick with default settings).

« Some indicators are changing over time, such as population in the floodplain,
while others are static, like percentage of disabled people

» Some indicators change depending on climate projections, like mean annual
runoff or 10% ACE flood flow

* FRM wvulnerability is based on five indicators:
« 175C cumulative annual covariance of runoff to precipitation
« 277 projected change in runoff by unit precipitation
« 568C cumulative flood magnification factor (elasticity)

+ 568L same as above but local watershed only, ignoring upstream
effects

» 590 urban area in 500 year floodplain




PROJECTING FUTURE ISSUES: THE VULNERABILITY
ASSESSMENT TOOL

| |

120 —

ﬁ N Water resources regions of the United States
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2085 scenario
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Models in “Dry”

* When assessing vulnerability, the user will select whether to assess the “wet”
or “dry” set of traces. Note that this division is relative to each other, not
present climate

» Some future “dry” traces can be wetter than the present climate (and vice
versa)
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PROJECTING FUTURE ISSUES: THE VULNERABILITY
ASSESSMENT TOOL

» Relative, not absolute, vulnerability!

nario: | Wet VJ Business Line: | Flood Risk Reduction V| Division: [SPD V| District [(AII) VJ
2050

Only shows that these HUC4s
L~ are more vulnerable than

" others: others could still have
" high vulnerability though.

Left Click HUCs to Highlight Associated
HUCs in Corresponding Maps

\ WOWA Score
4324 I 507

» Used to show sources (indicators) of future vulnerability

US Army Corps
of Engir’\leersp'

* The definition of vulnerability in an objective sense gets philosophical, so we
sidestep that by assessing relative vulnerability instead.

» Afinding that the selected project is relatively vulnerable, compared to the
rest of the USACE portfolio, would be cause for future investigation

» Just because the relative vulnerability of a given HUC is high (or low)
compared to the other watersheds doesn't mean that there is (or is not) cause
for concern. But in general we look to see whether a proposed project would
be among the 20% most vulnerable if built

* The tool allows the user to investigate which indicators are contributing
to the observed vulnerability. This is more important than the WOWA
score or the relative vulnerability because it points to potential adaptation
options.
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EXECUTIVE SUMMARY OF CLIMATE CHANGE TOOLS AND BEST PRACTICES FOR INLAND FRM

>

<

» STEP 1: Start with literature review

» STEP 2: Assess observed record using Nonstationary Detector

Inland climate change effects are more uncertain than coastal
POLICY: Requirement is for a qualitative assessment of potential
vulnerabilities

» This may change as science matures

» Quantitative adjustments require approval from CPR CoP

> If found and attributable, follow existing guidance

> If not attributable, make risk-informed choices to censor or m

re-regulate record, ask for assistance if needed

» STEP 3: Use Climate Hvdrology Assessment Tool (CHAT) tool to project future flows, assess project risks

» STEP 4: Vulnerability tool indicates if project site, business line combination is relatively more

vulnerable, and why ,—\
The “So What”: Informs formulation, documents risks in project report, Il Ek‘

US (a—
. N o . rmy Corps
clear communication with public, partners, stakeholders of Engineers *

33



QUESTIONS / FEEDBACK?

»Nick Appiegate (FRM-PCX, Economic and Risk Analysis)
»916-557-6711, Nicholas.J.Applegate@usace.army.mil

»Will Veatch (MVN Climate Preparedness and Resiliency)
» 504-862-2858, William.C. Veatch(a)usace army.mil

Piease contact us with:
» Questions?
» Comments?

N AMAvallacaas halafioil
Z IVIVIT/ITOO IICIIJIUI Ll

» Recommendations

\an
for

A b \ars L\.nn’)
a iive weoinar ¢

r improvement?

FRM-PCX POC’s:

»Eric Thaut, Deputy Director
»Nick Applegate, National Tech Specialist
(Economic and Risk Analysis)
»Regional Managers:
» Karen Miller (LRD/NAD)
» Michelle Kniep (MVD/SAD)
» Charyl Barrow (NWD/PQOD)

» Sara Schultz (SPD/SWD)

T
US Army Corps
of Engir);eersp'
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