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PREFACE

The U.S. Environmental Protection Agency’s Global Change Research Program (GCRP) is an
assessment-oriented program within the Office of Research and Development that focuses on
assessing how potential changes in climate and other global environmental stressors may impact
water quality, air quality, aquatic ecosystems, and human health in the United States. The
Program’s focus on water quality is consistent with the Research Strategy of the U.S. Climate
Change Research Program—the federal umbrella organization for climate change science in the
U.S. government—and is responsive to U.S. EPA’s mission and responsibilities as defined by
the Clean Water Act and the Safe Drinking Water Act. A central goal of the EPA GCRP is to
provide EPA program offices, Regions, and other stakeholders with tools and information for
assessing and responding to any potential future impacts of climate change.

In 2006 the EPA Global Change Research Program (GCRP) supported the development of a
Climate Assessment Tool (CAT) for the EPA Office of Water’s Version 4 release of the
BASINS water quality modeling system. This report provides supporting documentation and
user support materials for the BASINS CAT tool.

Peter Preuss, Ph.D.

Director

National Center for Environmental Assessment
Office of Research and Development

U.S. Environmental Research Program
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1.0 Introduction

Executive Summary

The Fourth Assessment Report of the Intergovernmental Panel on Climate Change (IPCC) states
that “warming of the climate system is unequivocal, as is now evident from observations of
increases in global average air and ocean temperatures, widespread melting of snow and ice and
rising global average sea level” (IPCC, 2007). Projecting forward, continued warming
temperatures and changes in the amount, form, and intensity of precipitation are expected, albeit
with large and poorly understood regional variations.

The impacts of climate change on water and watershed systems will present, in many areas,
significant additional risk associated with the provision of safe, reliable water supplies,
compliance with water quality regulations, and the protection of aquatic ecosystems. Meeting
this challenge will require tools and information that allow water managers to explicitly address
the implications of climate change at the watershed scale in their decision making process.

The EPA Office of Research and Development, Global Change Research Program, in partnership
with EPA Office of Water supported the development of a Climate Assessment Tool (CAT) for
the Office of Water’s BASINS 4 water quality modeling system. BASINS is a multi-purpose
environmental analysis system that integrates a geographical information system (GIS), national
watershed data, and state-of-the-art modeling tools including the watershed models HSPF and
SWAT into one package. BASINS CAT provides additional capabilities for assessing the
influence of climate variability and change on water quantity and quality at the watershed scale.
The basic philosophy behind BASINS CAT is to provide flexible capabilities for creating and
running climate change scenarios within the BASINS system. It’s important to note that BASINS
does not provide actual data or other information about climate change. Rather, CAT simply
provides the capability for users to create and run scenarios reflecting changes they determine to
be of interest in their specific region or watershed. This capability is intended to support
BASINS users interested in assessing a wide range of “what if” questions about how weather and
climate could affect their systems. Combined with the existing capabilities of BASINS models
for assessing the impacts of land use change and management practices, the climate assessment
capabilities provided by the CAT allow BASINS users to assess the impacts of alternative
futures including climate and land use change as well as implementation of adaptation strategies
(e.g. BMPs) for increasing resilience to climate change.

The purpose of this report is to provide in a single document a variety of documentation and user
support materials supporting the use of BASINS CAT. The report contains 6 chapters: Chapter 1
is a brief summary of the general philosophy behind development of BASINS CAT, Chapter 2
provides a “what and why” discussion of BASINS CAT capabilities, Chapter 3 illustrates
application of the tool through a series hands-on of tutorials, Chapter 4 provides additional basic
information about the development and application of the tool in the form of a user’s manual,
Chapter 5 briefly describes a case study application of BASINS CAT illustrating the use of the
tool to assess the potential impacts of climate change on a mid-Atlantic watershed, and Chapter 6
is a listing of additional resources for learning more about climate change and the potential
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impacts of climate change on water resources. The material presented in this report will also be
made available in a keyword searchable form through the online help function within the Office
of Waters BASINS web site.

BASINS CAT is seamlessly integrated into the BASINS system through a series of graphical
user interfaces. Specifically, application of BASINS CAT requires a pre-existing, calibrated
HSPF application, a WDM file containing HSPF input meteorological time series, and an output
file(s) to which HSPF results are output (WDM and/or Binary)

BASINS CAT essentially provides additional capabilities to BASINS users in 2 general areas; a
flexible preprocessing capability for creating meteorological time series reflecting any user-
determined change in temperature and precipitation for use as input to the HSPF model, and a
post-processing capability for calculating management targets (endpoints) useful to water and
watershed managers from model output.

BASINS CAT enables adjustments to historical records of only two meteorological data types,
precipitation and air temperature. Users can adjust historical data using standard arithmetic
operators applied monthly, seasonally or over any other increment of time. This flexibility allows
adjustments to be made reflecting long term seasonal climate change, as well as short-term, year-
to-year changes such as changes in the intensity of periodic drought. In addition, adjustments to a
climate variable can also be applied uniformly to all “events”, or be selectively imposed only on
those historical events that exceed (or fall below) a specified threshold. Future climate change is
expected to result in an acceleration or “intensification’ of the hydrologic cycle, whereby a
greater proportion of annual precipitation occurs as larger magnitude events. A general trend
during the 20" century towards increasing precipitation intensity has already been shown
throughout the U.S. The ability to selectively adjust only events within user-defined size classes
allows climate change scenarios to be created reflecting these changes. Finally, CAT also
provides a capability for users to create time series that contain more frequent precipitation
events.

The post-processing capability provided by CAT allows users to calculate hydrologic or water
quality endpoint metrics such as an x-year, y-duration high or low flow event, an annual water
yields, or an annual pollutant load. This capability provides a unique opportunity for water and
watershed managers to assess the impacts of climate change in terms of the metrics that are
traditionally used for understanding impacts and making decisions within their specific
professions or management domains. The user may select as endpoints any HSPF state variable
or flux that is being modeled and output as a result of the model set up. If so desired, CAT
enables users to further refine their analyses by considering only time periods of concern.

A series of step-by-step tutorials are provided illustrating application of the tool to creating
scenarios reflecting a wide range of potential changes in climate. A users manual and case study
assessment using BASINS CAT provide additional information about how BASINS CAT can be
used to understand and manage the potential impacts of climate change on water and watershed
systems.
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1.0 Introduction

1.0 Introduction

Watershed systems are influenced by climatic drivers including the amount, form, seasonality,
and event characteristics of precipitation, as well as temperature, solar radiation, wind and other
factors affecting hydrologic and biogeochemical processes (Gleick and Adams, 2000). The
seasonal dynamics of snow accumulation and melt are particularly important in the northwest
and mountainous regions. Changes in any of these attributes can influence the amount, timing
and/or location of surface runoff, groundwater recharge, and the quality of water. Climate also
interacts strongly with human use and demand for water, water treatment and other built
infrastructure, and non-climatic watershed stressors such as non-point pollution loading and
urban stormwater runoff. Ultimately, these changes may be reflected in key management targets,
such as frequency flow events (e.g., the 100-year flood), maximum water temperatures, or
nutrient loads.

Managing the risk associated with seasonal to annual climate variability has long been a
principal focus of water and watershed management. Management plans are developed, and
water infrastructure is designed and operated to be resilient to anticipated variability in climate.
In most areas, however, instrumental records are limited to a relatively short period within the
twentieth century, and estimates of future conditions are made assuming that climate is
stationary. There is growing concern, however, that this assumption may no longer be valid, and
that long term climatic trends may lead to unprecedented future conditions and events (IPPC,
2007).

There is now general consensus among climate scientists that human activities including the
combustion of fossil fuels and landcover change have resulted in, and will likely continue to
result in, long-term climatic change (IPCC, 2007). The 2007 Fourth Assessment Report of the
Intergovernmental Panel on Climate Change (IPCC) states that “warming of the climate system
is unequivocal, as is now evident from observations of increases in global average air and ocean
temperatures, widespread melting of snow and ice and rising global average sea level” (IPCC,
2007). The global average temperature has risen 1.4°F in the last century. At the same time many
regions have experienced changes in precipitation amount, and an increase in the frequency of
heavy precipitation events (i.e. the proportion of annual precipitation occurring as heavy
precipitation events; IPCC, 2007). Projecting forward, continued warming temperatures and
changes in the amount, form, and intensity of precipitation are expected, albeit with large and
poorly understood regional variations.

The impacts of climate change on water and watershed systems will present, in many areas,
significant additional risk associated with the provision of safe, reliable water supplies,
compliance with water quality regulations, and the protection of aquatic ecosystems. In addition,
independent of the behavior of the climate, demographic and socioeconomic changes may
increase the vulnerability of certain regions or sectors to current climatic variability. To reduce
the likelihood of future impacts, water managers must be able to assess potential risks and
opportunities, and where appropriate, implement practices and strategies to adapt to future
climatic conditions. Meeting this challenge will require tools and information that allow water
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managers to explicitly address the implications of climate change at the watershed scale in their
decision making process.

The EPA Office of Research and Development, Global Change Research Program, in partnership
with EPA Office of Water supported the development of a Climate Assessment Tool (CAT) for
the Office of Water’s BASINS 4 water quality modeling system. BASINS is a multi-purpose
environmental analysis system that integrates a geographical information system (GIS), national
watershed data, and state-of-the-art modeling tools including the watershed models HSPF and
SWAT into one package (U.S. EPA, 2001; see http:// www.epa.gov/waterscience/basins/).
BASINS CAT provides additional capabilities for assessing the influence of climate variability
and change on water guantity and quality at the watershed scale. Combined with the existing
capabilities of BASINS models for assessing the impacts of land use change and management
practices, the climate assessment capabilities provided by the CAT allow BASINS users to
assess the impacts of alternative futures including climate and land use change as well as
implementation of adaptation strategies (e.g. BMPs) for increasing resilience to climate change.
The CAT itself does not, however, provide an explicit capability for developing and running land
use and BMP scenarios.

The purpose of this report is to compile in a single document a variety of documentation and user
support materials useful to BASINS CAT users.

1.1 Development Philosophy

Recent advances in climate science have greatly improved our understanding of Earth’s climate
including the multiple, complex natural and anthropogenic processes governing long term
climate change. Current climate models are extremely useful for understanding general system
behavior, response to climate forcing, and for characterizing broad scale pattern and trends.
Current climate models are less skilled, however, at predicting climate at the local and regional
scales needed by water managers. It is thus not possible to know with certainty the future
climatic conditions to which a given region or watershed will be exposed. Accurate predictions
of future climate should not be considered a necessary precursor, however, to taking action
(Sarewitz et al., 2000). An alternative approach is to consider the response of a watershed or
water system to a range of plausible future climatic conditions, termed “climate scenarios”
(IPCC-TGCIA, 2007). Using scenario analysis, water managers can assess their exposure to
climate-related risks, and using this information effectively manage risk by implementing
practices and strategies to make systems robust to a wide range of plausible future conditions and
events (Sarewitz et al., 2000).

The climate scenarios used in scenario analysis can be developed in a variety of ways depending
on the type(s) of information about climate change available and, equally as importantly, the
goals and requirements of a specific assessment activity. Each scenario should be generally
consistent with global projections of change, physically plausible, and applicable in the context
of a particular assessment activity. Collectively, the set of scenarios considered should be
representative of a broad range of future changes that a given region or watershed may

10
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1.0 Introduction

experience. An excellent, comprehensive reference on the use of scenario data for assessing
climate change impacts and adaptation is available from the IPCC (IPCC-TGICA, 2007,
http://unfccc.int/resource/cd_roms/nal/v_and_a/Resoursce_materials/Climate/ScenarioData.pdf).

The IPCC-TGCIA describes three different types of scenarios based on different types of
information about climate: synthetic scenarios, analogue scenarios, and scenarios based on
outputs from climate models. Synthetic scenarios describe techniques where particular climatic
attributes are changed by a realistic but arbitrary amount, often according to a qualitative
interpretation of climate model simulations for a region. For example, adjustments of baseline
temperatures by +1, 2, 3 and 4°C and baseline precipitation by £5, 10, 15 and 20 percent could
represent various magnitudes of future change (IPCC-TGIA, 2007). Analogue scenarios are
constructed by identifying recorded climate regimes which may resemble the future climate in a
given region. These records can be obtained either from the past (temporal analogues) or from -
another region at the present (spatial analogues). Model based scenarios are developed using
output from modeling experiments with GCM (General Circulation Model) and RCM (Regional
Climate Model) models that simulate the response of the global climate system to increasing
greenhouse gas concentrations. A more detailed discussion of climate models and scenarios
based on climate models is provided by the IPCC-TGICA.

The philosophy behind BASINS CAT is to provide flexible capabilities for creating and running
climate change scenarios like those described by the IPCC-TGICA within the BASINS system.
It’s important to note that BASINS does not provide actual data or other information about
climate change for any particular region. Rather, CAT simply provides the capability for users to
create and run scenarios reflecting changes they determine to be of interest in their specific
region or watershed. This capability is intended to support BASINS users interested in assessing
a wide range of “what if” questions about how weather and climate could affect their systems.

The general concept of a pre-processing capability allowing model users to create climate change
scenarios for assessment is applicable to any modeling platform. BASINS was considered an
ideal platform for such a tool, however, as it is well known, widely distributed, and provides
access to several watershed models and other tools supporting watershed management.
Moreover, water and watershed systems are also impacted by non-climatic stressors such as
landcover change and pollutant discharges. In many areas these impacts may be greater than
those due to changes in climate. It is thus important to understand climate change impacts in the
context of specific watersheds and all stressors affecting the system. The BASINS system was
developed to support assessments of watershed land use change, pollutant discharges, and
management practices on water quality (U.S. EPA, 2007). As mentioned previously, BASINS
models have an existing capability for assessing the impacts of land use change, and the climate
assessment capabilities provided by the CAT allow BASINS users to assess the combined
impacts of climate and land use change. The CAT does not, however, provide an explicit
capability for developing and running land use change scenarios.

The actual, specific components of a climate scenario necessary for conducting an assessment
are meteorological data reflecting the potential changes of concern at a spatial and temporal

11
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resolution suitable for running a hydrologic model or otherwise informing upon a decision. If
GCM and/or RCM data of adequate resolution is available, climate model output can be used
directly as the necessary meteorological data for use with a hydrologic or other model. Direct use
of data from climate models restricts the number and type of scenarios able to be evaluated,
however, and the coarse spatial resolution of climate models can limit applicability. An
alternative approach is to couple available information about climate and climate change with a
stochastic weather generator to produce meteorological data at the necessary temporal and spatial
resolution for developing scenarios. Stochastic weather generators are a powerful tool useful for
a variety of applications, but their utility is limited in studies of large watersheds where the
spatial heterogeneity of climate must be represented. The problem results from the fact that each
run with a weather generator is a randomly generated time series, thus the spatial correlation
structure among adjacent or nearby locations represented by different runs is lost. A final
approach for creating scenarios is by modifying representative windows of historical weather
data from specific locations (e.g. NCDC weather stations) to reflect information about future
climate change from any available source, or otherwise to reflect any potential change of
concern. This last approach, modifying historical weather data, is the approach used by BASINS
CAT. Itis relatively simple to implement, able to represent a wide range of potential changes
based on any available knowledge, whether quantitative or qualitative, about future climate
change, and the spatial correlation structure among adjacent locations can be maintained in
applications to large watersheds (by modifying existing weather records from all locations over
the same base period the spatial correlation structure is preserved).

Change scenarios are created with CAT by selecting a period of historical data to be modified
(e.g. from an NCDC weather station used as meteorological input to a watershed model), and
performing a series of operations or “adjustments” on that baseline time series. CAT allows
adjustments to temperature and precipitation time series. Creating scenarios by modifying
historical data provides a simple but effective form of spatial and temporal downscaling,
whereby projected climate change data at coarse spatial resolution (e.g. GCM grid cells) is
interpolated to the location of individual weather stations, and projected change data at coarser
temporal resolution (e.g. monthly or seasonal average changes) is applied to finer resolution data
from the historical record (e.g. daily or hourly data at specific weather station).

As described previously, scenarios can be developed based on any available information about
climate change and/or user goals for an analysis. For example, scenarios can be developed to
reflect re-occurrence of an extreme historical condition or event, to specifically address a
hypothesis about the sensitivity of a hydrologic or water quality endpoint to a particular type of
climate change, or to reflect attributes of a projection based on a climate modeling experiment.
In each case, creating a scenario using BASINS CAT requires that the user express the desired
change as a series of adjustments to historical time series using the specific capabilities provided
by CAT. BASINS CAT was developed with a range of capabilities for adjusting time series
intended to provide the flexibility needed to represent a wide range of potential climate change.
When developing scenarios to reflect specific changes such as a projection from a climate
modeling experiment, the types of adjustment possible are limited by the available information
(e.g. the type and temporal resolution of available information such as projected monthly versus

12
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seasonal average temperature changes). With respect to model based projection data, this often a
function of the way data is summarized and distributed. Creating scenarios based on historical
variability or some other type of historical observation is similarly limited by the type and
resolution of observations (e.g. annual versus monthly low precipitation). Ultimately, however,
the requirements for creating scenarios suitable for an assessment activity depend on the context
and goals of the assessment.

In addition to supporting the creation of scenarios, CAT also manages the input and processing
of scenarios using HSPF watershed model (BASINS CAT is currently available only with the
HSPF model).

BASINS CAT also provides a post-processing capability to calculate a range of user selected
hydrologic and water quality management targets or “endpoints” such as mean annual flow, a
mean monthly flow, 100-year flood event, 10-year seven-day (7Q10) low flow event, or annual
nutrient load.

1.1.1 Example Sources of Climate Change Information

Future climate change is expected to vary considerably in different regions of the country.
Selected sources of climate change information, data, and guidance concerning the use of climate
change data are listed below. Most of the sources listed below provide climate change
projections developed from climate modeling experiments using GCM or coupled GCM/RCM
models. Information from these and other sources may be used to develop scenarios for different
regions of the U.S. Note that this is not an exhaustive list. Information and guidance about
climate change in different parts of the country can be obtained from additional sources
including local government agencies, universities, and other groups. Over time, additional
information about climate change is also likely to become available as climate models are
improved, new modeling experiments are conducted, and research such as investigations of
paleo-climate better reveal historical patterns of climate variability.

IPCC Data Distribution Centre (DDC): http://www.ipcc-data.org/

Lawrence Livermore National Laboratory, Program for Climate Model Diagnosis and
Intercomparison: http://www-pcmdi.lInl.gov/ipcc/about_ipcc.php

Lawrence Livermore National Laboratory/Bureau of Reclamation/Santa Clara University:
http://qdo-dcp.uclinl.org/downscaled cmip3 projections/dcplnterface.html

North American Regional Climate Change Assessment Program (NARCCAP):
http://www.narccap.ucar.edu/data/index.html

Consortium of Atlantic Regional Assessments (CARA; mid-Atlantic U.S. region):
http://www.cara.psu.edu/climate/models.asp

13


http://www.ipcc-data.org/
http://www-pcmdi.llnl.gov/ipcc/about_ipcc.php
http://gdo-dcp.ucllnl.org/downscaled_cmip3_projections/dcpInterface.html
http://www.narccap.ucar.edu/data/index.html
http://www.cara.psu.edu/climate/models.asp

O©CoOoO~NO UL WN PP

External Review Draft — Please Do Not Cite

University of Washington, Climate Impacts Group (northwest U.S. region):
http://www.cses.washington.edu/data/ipccar4/

It must be noted that climate projections based on climate modeling experiments are not
predictions, or the “most likely” future condition. Rather, these are projections of how future
climate could change based on a specific set of assumptions adopted for a particular experiment
(e.g. future greenhouse gas emissions) and including an element of uncertainty inherent in
modeling a highly complex system. As discussed previously, water managers can assess their
exposure to climate-related risks by considering the sensitivity of key management goals to a
wide range of plausible climatic conditions and events. This information can then be used to
guide decisions about appropriate management responses.

1.2 About This Document

The purpose of this report is to compile in a single document a variety of documentation and user
support materials useful to BASINS CAT users. In addition to the current document, much of the
material found in this report will be made accessible online in html format through the BASINS
Version 4 help function.

This document is composed of 6 chapters:

» Chapter 1 is a brief summary of the background and general philosophy behind
development of the BASINS CAT.

» Chapter 2 provides a “what and why” discussion of BASINS CAT capabilities.

» Chapter 3 addresses illustrates application of the tool through a series of hands-on
tutorials.

» Chapter 4 provides additional basic information about the development and application of
the tool in the form of a user’s manual.

» Chapter 5 briefly describes a case study application of the BASINS CAT illustrating the
use of the tool to assess the potential impacts of climate change on a mid-Atlantic
watershed.

» Chapter 6 is a listing of additional resources for learning more about climate change and
the potential impacts of climate change on water resources.
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2.0 Tools and Methods

2.0 CAT Methods and Capabilities

The CAT development effort resulted from the need to provide tools and information to help
water managers understand and manage the potential impacts of climate change on water
resources at the watershed scale. This required a flexible approach for developing climate
change scenarios, coupled with a robust watershed modeling system. EPA’s BASINS modeling
system is a widely know, well documented modeling system developed in the late 1990’s to
support watershed management. As such, the BASINS system provides a unique platform upon
which additional capabilities for assessing the potential impacts of climate change on water and
watershed systems can be developed.

BASINS provides a suite of watershed models, from sophisticated broad-spectrum watershed
models to agricultural models to planning and management level models, plus supporting tools
and data, all within one package. BASINS CAT is available for use with the Hydrological
Simulation Program-FORTRAN (HSPF), a mathematical watershed model for simulating
hydrologic and water quality processes in natural and man-made water systems. HSPF has been
widely applied in the planning, design, and operation of water resources systems for well over a
decade, and is arguably one of the best verified watershed models currently available.

Chapter 2 first introduces the BASINS modeling system and the HSPF watershed model. It then
describes the capabilities for assessing the impacts of climate change on water and watershed
systems provided by the Climate Assessment Tool.

2.1 BASINS

The U.S. Environmental Protection Agency’s BASINS system (USEPA, 2007;
http://www.epa.gov/waterscience/basins/) is designed to support watershed and water quality-
based studies by facilitating access to environmental information, modeling and analysis tools,
and providing an integrated framework for examining management alternatives. The BASINS
system combines the following five components: 1) a comprehensive collection of national
cartographic and environmental databases, 2) environmental assessment tools (to summarize
results; establish pollutant source-impact interrelationships; and selectively retrieve data); 3)
utilities (e.g., import tool, download tool, grid projector, post-processor, and land use, soil
classification and overlay tool); 4) automated watershed characterization reports (for eight
different data types); and 5) a suite of watershed models including HSPF (Bicknell et al., 2005),
AQUATOX (Clough and Park, 2006), and PLOAD (USEPA, 2007). A recent EPA report,
“Handbook for Developing Watershed Plans to Restore and Protect Our Waters” (USEPA,
2005), found that among 37 current watershed models and modeling systems, BASINS contained
the most robust suite of assessment capabilities (based on level of complexity, simulation time
step, hydrologic regimes, water quality constituents and BMP simulation options).
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This suite of models, support tools, and national environmental data provide an effective
platform for conducting varied and complex studies of environmental stressors, watershed
responses, and watershed management throughout the United States. The main interface to
BASINS is provided through a Geographic Information System (GIS). Because GIS combines
mapping tools with a database management system, it provides the integrated framework
necessary to bring modeling tools together with environmental spatial and tabular data. Version
4.0 of BASINS is the first to be primarily based on a non-proprietary, open-source GIS
foundation (http://www.mapwindow.org/). By using open-source GIS tools and non-proprietary
data formats, the core of BASINS has become independent of any proprietary GIS platform
while still accommodating users of several different GIS software platforms. The underlying
software architecture provides a clear separation between interface components, general GIS
functions, and GIS platform-specific functions. Separating these components and functions
provides a future migration path for using core GIS functions from other GIS packages or for
accommodating future updates to the already-supported GIS packages.

With its open-source plug-in framework and growing number of data sources, a number of new
models and analysis tools have been and are being added to BASINS 4.0. On the modeling side
of the system, a draft version of a plug-in for EPA’s DFLOW model (USEPA, 2006a) has been
developed and will be released in early 2008. Work on development of a plug-in for the Soil and
Water Assessment Tool (SWAT) model (Arnold and Fohrer, 2005) will be completed by early
2009. Work has begun on development of a plug-in for EPA’s Water Quality Analysis
Simulation Program (WASP) model (USEPA, 2006b), and release is scheduled for 2008. Plans
for a plug-in for the Stormwater Management Model (SWMM) (Rossman, 2007) have also been
developed. A data analysis tool recently added to BASINS is the USGS Surface Water Statistics
(SWSTAT) software (USGS, 2008), which is a software package for statistically analyzing time-
series data. A BASINS plug-in now provides a user interface to functions including frequency
distribution, trend analysis, and n-day annual time series.

Data sources available to BASINS users continue to expand. 2008 additions will include
download and system interaction capabilities for NHDPlus (EPA & USGS’s enhanced
hydrography dataset - http://www.horizon-systems.com/nhdplus/), TerraServer (satellite and
aerial imagery - http://terraserver-usa.com/), NLCD 2001 (national land cover dataset from the
Multi-Resolution Land Characteristics Consortium - http://www.mrlc.gov/), and Modernized
STORET (EPA’s water quality, biological and physical dataset - http://www.epa.gov/storet/).
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2.2 HSPF

BASINS CAT is currently available for use with the Hydrological Simulation Program-
FORTRAN (HSPF) watershed model (Bicknell et al., 2005). HSPF is a mathematical model
developed under joint EPA and USGS sponsorship for simulating hydrologic and water quality
processes in natural and man-made water systems. HSPF is a well documented, broadly
applicable analytical tool which has an established record of applications in the planning, design,
and operation of water resources systems.

The HSPF model uses information on the time history of rainfall, temperature, evaporation, and
parameters related to land use patterns, soil characteristics, and agricultural practices to simulate
the processes that occur in a watershed. The initial result of an HSPF simulation is a time series
simulation of the quantity and quality of water transported over the land surface and through
various soil zones down to the groundwater aquifers. Runoff flow rate, sediment loads, nutrients,
pesticides, toxic chemicals, and other quality constituent concentrations can also be predicted.
The model uses these results and stream channel information to simulate instream processes.
From this information, HSPF produces a time series simulation of water quantity and quality at
any point in the watershed.

Simulating the watershed processes associated with wet-weather occurrences are particularly
complex and require continuous/dynamic analyses of the hydrologic and quality processes
associated with landscape and land activities together with in-stream fate and transport
processes. HSPF offers a complete and defensible process-based watershed model for addressing
water quality impairments associated with diffuse pollution. Although other watershed models
are available, they are often limited to specific land uses or do not include in-stream response
processes. The HSPF model can be configured to represent all types of land uses, offers the
ability to include land use activities and potential management controls, allows for dynamic
simulation, and a detailed representation of critical conditions associated with high flows and
wet-weather conditions.

HSPF has been used extensively to assess the hydrologic and water quality impacts associated
with land use/landcover change and implementation of watershed best different management
practices (BMPs). Other potential applications include:

e Hydropower operations and dam removal studies
e River basin and watershed planning

e River restoration planning

e Storm drainage analyses

e Water quality planning and management

e Point and nonpoint source pollution analyses

18
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e Soil erosion and sediment transport studies

e Evaluation of urban and agricultural best management practices

e Fate, transport, exposure assessment, and control of pesticides, nutrients, and toxic
substances

HSPF can be applied to most watersheds using available meteorologic and hydrologic data; soils
and topographic information; and land use, drainage, and system (physical and man-made)
characteristics. The specific data requirements for running an HSPF simulation are:

1. Meteorologic data (for simulation period)

a.
b.

Q o o

Precipitation, (daily, hourly, or 15-minute values for small watersheds)

Daily pan evaporation

Daily maximum and minimum air temperature (needed for water temp and snow
only)

Total daily wind movement (needed for water temperature and snow only)
Total daily solar radiation (needed for water temperature and snow only)

Daily dewpoint temperature (needed for water temperature and snow only)
Average daily cloud cover (needed for water temperature and snow only)

2. Watershed land use/land cover characteristics (preferably as GIS layers)

o

Topographic map/data of watershed and subwatersheds, and/or DEM coverage
Land use/cropping delineation and acreages (as GIS layer)

Soils delineation and characteristics (GIS soils coverage of soil texture and/or SCS
Hydrologic Soil Groups)

Isohyetal map of mean annual rainfall (GIS layer preferred)

3. Hydrography and channel characterization

a.

o

Channel lengths, slopes, cross-sections and geometry, rating curves, or DEM of
channel and overbank areas

Channel bed composition (e.g. particle dist., nutrients, pesticides)

Diversions, point sources, channelized segments, etc.

Tributary area (and land use distribution) for each channel reach (or available from
GIS land use layers)

Waterbody/reservoir bathymetry (or stage-volume-surface area relationships), stage-
discharge relationships, operational procedures, and spillway characteristics

4. Hydrologic and water quality observations (needed for model calibrations)
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Flow rates during all monitored storm events
Flow volume/rate totals for storm/daily, monthly, annual
Snow depths (for areas with significant snow accumulation)
Sediment mass losses in runoff and sediment concentrations in runoff and receiving
water
e. Chemical/constituent mass losses in runoff and concentrations in runoff and receiving
water
f.  Soil concentrations of constituent/nutrient forms, if available
. Estimated/actual constituent concentrations in precipitation
h. Particle size distributions (sand, silt, clay fractions) of soils, eroded sediments, and
channel bed sediments

oo

While the data requirements running an HSPF simulation are fairly extensive, HSPF users
benefit from a wide range of documentation and user support materials developed over decades
of model applications and made available to HSPF users. Perhaps more importantly, HSPF has a
relatively large number of parameters that need adjustment to properly calibrate the model.
Assistance in setting model parameter values is available, however, from sources including the
HSPF Application Guide (Donigian et al., 1984), an interactive database of parameter HSPF
values used for previous model applications (Donigian et al., 1998), and in the form of Techical
Notes available at the EPA BASINS web site.

HSPF contains three application modules that are used to simulate the hydrologic/hydraulic and
water quality components of the watershed:

1. PERLND - Simulates runoff and water quality constituents from pervious land areas in
the watershed.

2. IMPLND - Simulates impervious land area runoff and water quality.

3. RCHRES - Simulates the movement of runoff water and its associated water quality
constituents in stream channels and mixed reservoirs.

PERLND simulates the water quality and quantity processes that occur on pervious land areas,
and it is the most frequently used part of HSPF. To simulate these processes, PERLND models
the movement of water along three paths: overland flow, interflow, and groundwater flow. Each
of these three paths experiences differences in time delay and differences in interactions between
water and its various dissolved constituents. A variety of storage zones are used to represent the
processes which occur on the land surface and in the soil horizons. Snow accumulation and melt
are also included in the PERLND module so that the complete range of physical processes
affecting the generation of water and associated water quality constituents can be represented.
Some of the many capabilities available in the PERLND module include the simulation of:

e water budget and runoff components

e snow accumulation and melt
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e sediment production and removal

e accumulation and washoff of user-defined nonpoint pollutants
e nitrogen and phosphorus fate and runoff

e pesticide fate and runoff

e movement of a tracer chemical

IMPLND is used for impervious land surfaces, primarily for urban land categories, where little
or no infiltration occurs. However, some land processes do occur, and water, solids, and various
pollutants are removed from the land surface by moving laterally downslope to a pervious area,
stream channel, or reservoir. IMPLND includes most of the pollutant washoff capabilities of the
commonly used urban runoff models such as the Stormwater Management Model (SWMM).

One difference between PERLND and IMPLND process representation is of note. In the
SOLIDS code section, IMPLND offers the capability to model the accumulation and removal of
urban solids (i.e. solids on impervious areas) by processes which are independent of storm events
(e.g., street cleaning, decay, wind deposition or scour). To use this option, the modeler needs to
assign monthly or constant rates of solids accumulation and removal, estimate parameter values
for impervious solids washoff (analogous to methods in the SEDMNT module of PERLND), and
provide ‘potency factor’ values for constituents associated with the solids removed.
Alternatively, the IQUAL module can be used to represent accumulation and removal processes
for each constituent individually, analogous to the PQUAL approach.

The instream module of HSPF (named RCHRES) simulates the movement of runoff water and
its associated water quality constituents in stream channels and mixed reservoirs. The module
features individual compartments for modeling hydraulics, constituent advection, conservative
(i.e., non-reactive) constituents such as total dissolved solids or chlorides, water temperature,
inorganic sediment, generalized quality constituents, specific constituents involved in
biochemical transformations, and acid mine drainage phenomena.

The model employs the following methods and capabilities. Additional detail on HSPF model
capabilities and formulations is available in the HSPF User’s Manual.

e Backwards finite difference solution scheme
e 1-D branching, uni-directional solution
e Flow routing technique by kinematic wave methods (momentum is not considered)

e Non-cohesive (sand) and cohesive (silt, clay) sediments are simulated; migration of each
sediment fraction between suspension in water and the bed is modeled by balancing
deposition and scour computations
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e Code provides the user with the capability to model any subset of the following generalized
processes: advection of dissolved material; decay of dissolved material by hydrolysis,
oxidation by free radical oxygen, photolysis, volatilization, biodegradation, and/or
generalized first-order decay; production of one modeled constituent as a result of decay of
another constituent; advection of adsorbed suspended material; deposition and scour of
adsorbed material; and adsorption/desorption between dissolved and sediment-associated
phases.

e Detailed simulation of constituents involved in biochemical transformations. Included are
dissolved oxygen, biochemical oxygen demand (BOD), ammonia, nitrite, nitrate, phosphate,
phytoplankton, benthic algae, zooplankton, refractory organics, and pH.

e Primary dissolved oxygen and BOD balances simulated with provisions for decay, settling,
benthic sinks and sources, re-aeration, and sinks and sources related to plankton.

e Primary nitrogen balance modeled as sequential reactions from ammonia through nitrate.
Ammonia volatilization, ammonification, denitrification, and ammonium
adsorption/desorption interactions with suspended sediment fractions considered; both
ammonium and phosphate adsorption/desorption to suspended sediment fractions modeled
using an equilibrium, linear isotherm approach.

e Three types of plankton - phytoplankton, attached algae and zooplankton. Phytoplankton
processes include growth, respiration, sinking, zooplankton predation, and death;
zooplankton processes include growth, respiration and death; and benthic algae processes are
growth, respiration and death.

e Hydrogen ion activity (pH) calculated by either of two independent code sections: (1)
compute pH by considering carbonate system equilibria, or (2) perform user-defined instream
chemical computations to represent acid mine drainage and acid rain affected waters.

HSPF applications since its inception in 1980 have been worldwide and number in the hundreds,
if not thousands; nearly all HSPF applications have included application of both the landscape
(PERLND, IMPLND) modules and the receiving water (RCHRES) module (e.g. Donigian et al.,
1983; Mulkey et al., 1986; Johanson, 1989; Linker et al., 1998; AQUA TERRA and HydroQual,
2001). Numerous HSPF applications have focused only on simulating watershed hydrology,
however, a wide range of applications also address nutrient loading and other water quality
issues. HSPFParm, an interactive database of HSPF model parameters, includes data for over 40
watersheds in 14 states (Donigian et al., 1998). The model has been applied to such diverse
climatic regimes as the tropical rain forests of the Caribbean, arid conditions of Saudi Arabia and
the Southwestern U.S., the humid Eastern U.S. and Europe, and snow covered regions of Eastern
Canada.

2.2.1 Benefits and Opportunities Offered by CAT/HSPF Linkage
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2.0 Tools and Methods

A range of physical, chemical, and biological processes interact in complex ways to influence
water and watershed systems. The HSPF model has for decades provided a powerful tool for
exploring and understanding the potential outcomes of changes in watershed land use,
management, and other watershed stressors. Watersheds are known to be highly climate
sensitive, and climatic drivers are key inputs required to run watershed simulations. BASINS
CAT thus represents a simple extension of current modeling capabilities intended to facilitate the
use of watershed models to explore and understand the impacts of changes in climate on
watershed systems. BASINS CAT currently is available for use only with the HSPF watershed
model. The conceptual basis of CAT, however, is not specific to the HSPF model and is easily
transferable to any other watershed model.

HSPF was considered a good model to use with BASINS CAT because of its long and proven
history, its use of relatively detailed (and thus potentially more sensitive to a wide array of subtle
changes in climatic drivers) algorithms in simulations, and its broad applicability for simulating a
wide range of hydrologic and water quality attributes in diverse watershed settings. For example,
HSPF allows users to develop watershed models that represent an extensive mix of land uses and
watershed best management practices (BMPs). The model can then simulate the combined
effects on runoff resulting from changes in the amount, form, intensity, and seasonality of
precipitation, as well as the potential for changes in runoff to affect different water quality
endpoints. Finally, BASINS and the BASINS HSPF model have a long history of application to
assessing the impacts of changes in watershed land use and watershed management practices. In
combination with these existing capabilities, the climate assessment capabilities provided CAT
provide users with an ability to assess the combined impacts of climate change, land use change,
and management practices. In addition, this capability allows evaluation of the potential
effectiveness of different adaptation options for coping with the future impacts of climate
change. It should be noted, however, that BASINS CAT does not provide any additional
capabilities for simulating the effects of changes in land use and management. The only
capabilities in this area are those already available within BASINS.

The following is a list of features available within BASINS are available to support
comprehensive watershed assessments.

WInHSPF - a GUI for HSPF applications useful for implementing other management changes
(e.g. land use, point source, BMPs). To assess the combined impacts of management practices
and climate change, the specific management practices must first be reflected in a revised HSPF
UCI file. This UCI file may then be accessed by CAT to investigate the combined effects.

WDMULil - a user interface for WDM files. This tool is particularly helpful in developing WDM
files to store both input and output time series for use by HSPF.

GenScn - a post-processing tool for comparing scenarios. GenScn contains a wide array of
output capabilities including data listing, graphical plots, and statistical analyses.

Since the release of BASINS 4.0 in 2007, it has been a long-term goal to simplify the system by
incorporating these tools into the BASINS user interface. With the latest BASINS 4 update in
the summer of 2008, most of the functionality found in WDMUJtil and GenScn has been brought
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into BASINS. Work has begun on incorporating WinHSPF into BASINS also, but presently
WIinHSPF still provides the most comprehensive interface to HSPF.

Along with these tools, BASINS and its documentation also provide a comprehensive resource
for calibration of the HSPF model. Users manuals, tutorial exercises, technical notes, and FAQs
relating to all aspects of watershed modeling may be found on the BASINS web site:
http://www.epa.gov/waterscience/BASINS/.

2.3 Climate Assessment Tool (CAT)

Water and watershed systems are influenced by the amount, form, seasonality, and event
characteristics of precipitation, as well as temperature, solar radiation and wind that affect
evaporative loss. Any change in climate may thus be reflected in key management targets such
as duration flow events (e.g., 7Q10), maximum water temperatures, or nutrient or materials loads
required to meet a TMDL or other water quality regulatory requirement.

The BASINS CAT essentially provides additional capabilities to BASINS users in 2 general
areas; a flexible preprocessing capability for creating meteorological time series reflecting any
user-determined change in temperature and precipitation for use as input to the HSPF model, and
a post-processing capability for calculating management targets (endpoints) useful to water and
watershed managers from model output.

BASINS CAT enables adjustments to historical records of only two meteorological data types,
precipitation and air temperature. The adjusted records are contained within the same BASINS
Watershed Data Management (WDM) file containing historical weather records. CAT provides
a view/export capability that (1) displays the changes resulting from a specific adjustment or (2)
saves the adjusted weather record as an ASCII file. It is important to note that CAT does not
provide actual data on climate change for any particular region of the U.S. Rather, CAT simply
provides a flexible capability for users to create meteorological data reflecting any type of
change they wish to consider.

Users can adjust historical data using standard arithmetic operators applied monthly, seasonally
or over any other increment of time. This flexibility allows adjustments to be made reflecting
long term seasonal climate change, as well as short-term, year-to-year changes such as changes
in the intensity of periodic drought. In addition, adjustments to a climate variable can also be
applied uniformly to all “events”, or be selectively imposed only on those historical events that
exceed (or fall below) a specified threshold. Future climate change is expected to result in an
acceleration or “intensification’ of the hydrologic cycle, whereby a greater proportion of annual
precipitation occurs as larger magnitude events (Groisman et al., 2005; IPCC, 2007). A general
trend during the 20" century towards increasing precipitation intensity has already been shown
throughout the U.S. (Groisman et al., 2005). The ability to selectively adjust only events within
user-defined size classes allows climate change scenarios to be created reflecting these changes.
Finally, CAT also provides a capability for users to create time series that contain more frequent
precipitation events.
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2.0 Tools and Methods

The post-processing capability provided by CAT allows users to calculate hydrologic or water
quality endpoint metrics such as an x-year, y-duration high or low flow event, an annual water
yields, or an annual pollutant load. This capability provides a unique opportunity for water and
watershed managers to assess the impacts of climate change in terms of the metrics that are
traditionally used for understanding impacts and making decisions within their specific
professions or management domains (Johnson and Kittle, 2006). The user may select as
endpoints any HSPF state variable or flux that is being modeled and output as a result of the
model set up. If so desired, CAT enables users to further refine their analyses by considering
only time periods of concern. Details for such applications are provided in Section 2.3.2.

BASINS CAT capabilities are seamlessly integrated into the BASINS system through a series of
graphical user interfaces. Specifically, application of BASINS CAT requires the following:

e A pre-existing, calibrated HSPF application
e WDM file containing HSPF input meteorological time series
e Output file(s) to which HSPF results are output (WDM and/or Binary)

For an HSPF application developed within BASINS, these elements will be created and saved in
the BASINS project associated with the application. For an HSPF application developed outside
of BASINS, input meteorological time series must come from a WDM file referenced by the
HSPF User Control Input (UCI) file. Similarly, output time series must be stored on either a
WDM or HSPF Binary output file for use by CAT. For either of these cases, CAT will first
reference the HSPF application's UCI file. The input meteorological time series and output
results reference by the UCI file will then be loaded into BASINS for use by CAT. A tutorial
demonstrating the setup of BASINS-CAT can be found in section 3.0.

Running an assessment using CAT requires defining one or more climate change scenarios and
selecting watershed endpoints. After initiating a CAT session, CAT creates the necessary input
files and manages all input and output from HSPF. In addition, CAT provides additional
capabilities for automating the creation and running of multiple climate change scenarios.
Section 2.3.3 provides guidance on the types of assessments that can be performed.

After running an assessment, a suite of tools for summarizing and visualizing results is available
both within the CAT interface as well as through standard BASINS plotting tools. Included
among these are options for exporting tabular data summaries, creating and exporting pivot
tables, and plotting time series. These tools are described in Section 2.3.4.

2.3.1 Tools For Developing Climate Change Scenarios

The following definitions apply throughout this report. Definitions of the terms projection,
prediction, and scenario are from the Intergovernmental Panel on Climate Change (IPCC, 2007).
The terms “scenario component” and “record adjustment” are defined with specific reference to
this report and the BASINS CAT tool.
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Projection. A projection is a potential future evolution of a quantity or set of quantities, often
computed with the aid of a model. Projections are distinguished from predictions in order to
emphasize that projections involve assumptions concerning, for example future socioeconomic
and technological developments that may or may not be realized, and therefore are subject to
substantial uncertainty (IPPC, 2007).

Prediction. A climate prediction (or forecast) is the result of an attempt to produce an estimate
of the actual evolution of the climate in the future, for example, at seasonal, interannual or long-
term time scales. Since the future evolution of the climate system may be highly sensitive to
initial conditions, such predictions are usually probabilistic in nature (IPPC, 2007).

Scenario. A scenario is a plausible and often simplified description of how the future may
develop, based on a coherent and internally consistent set of assumptions about driving forces
and key relationships. Scenarios may be derived from projections, but are often based on
additional information from other sources, sometimes combined with a narrative storyline (IPPC,
2007)

Scenario component. In the context of BASINS CAT, climate change scenarios are composed
of one or more specific types of change, or scenario components. For example, a single climate
change scenario could be defined to include increased precipitation during winter months,
decreased precipitation during summer months, and a uniform annual increase in air
temperatures. In the example above, the scenario is composed of 3 scenario components.
BASINS CAT allows users to create complex climate change scenarios by specifying multiple
scenario components (as arithmetic adjustments to baseline temperature and/or precipitation
records), and assembling scenarios from one or more scenario components as desired.

Record adjustment. The term record adjustment refers to a specific arithmetic or other
operation carried out on a temperature or precipitation record (time series) to reflect a specific
scenario component. For example, a scenario component calling for 20% increase in winter
precipitation can be represented by adjusting (here multiplying) each winter precipitation value
in the baseline precipitation record by 1.2.

Scenarios representative of a range of potential changes in future climate can be created using
the CAT interface by making one or more adjustments to a selected historical precipitation
and/or air temperature record. A range of changes can be applied to historical time series
reflecting different types of climate change (e.g. seasonal temperature changes, annual
precipitation totals, high intensity precipitation events), and specific changes can then be
assembled to create climate change scenarios for assessment. When climate change scenarios
include adjustments to air temperature, CAT automatically re-generates the evapotranspiration
record to reflect the specified changes in temperature. CAT can be used to create and run single
climate change scenarios. In addition, CAT can be used to automate the creation and running of
multiple “synthetic” scenarios within a specified range of values for selected change variables
(IPCC, 2007).
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The following sections describe different options for adjusting precipitation time series (Section
2.3.1.1), and air temperature time series (2.3.1.2). A discussion of combining individual
adjustments to time series to create a climate change scenario is provided in Section 2.3.1.3. The
discussion of climate scenario development concludes with additional information related to
using CAT to define synthetic scenarios in Section 2.3.1.4.

2.3.1.1 Modify Historical Precipitation Records

Future climate change may result in complex changes in precipitation including changes in
annual totals, seasonality, snowfall, the intensity of events, the length of dry spells, and other
specific types of change (IPCC, 2007). Different hydrologic and water quality endpoints are
more or less sensitive to specific types of precipitation changes. A complete understanding of the
impacts of climate change on water and watershed systems thus requires the ability to represent
and evaluate a variety of types and magnitudes of climate change.

BASINS CAT allows adjustments to be made to a historical precipitation record by one or more
of the five methods below:

1. Apply a constant multiplier to all values in a precipitation record (e.g. a daily or hourly
precipitation total); the assumption is that precipitation will change in a uniform way
throughout each year of the full record, either increasing or decreasing by a uniform
percent (multiplier).

2. Apply a constant multiplier only to values within a user-specified month or season of
each year of the full record; the assumption is that precipitation will change only during a
certain month or season of each year in the full record.

3. Apply a constant multiplier only to values within a user-specified range of years
contained within the full record; the assumption is that that precipitation will change only
during certain years within the full record, e.g. adjustment is made to a user-specified
period of 10 years within a 30-year historical record.

4. Add or remove precipitation events to a historical precipitation record to represent
changes in the frequency of events; the assumption is that changes in annual precipitation
totals occur due to changes in the frequency of precipitation events.

5. Apply a constant multiplier only to values within a user-specified event size class
(precipitation amount), e.g. change only those values that exceed or fall below a specified
event ranking such as the largest 10 percent of events; the assumption is that climate
change results in an intensification of the hydrologic cycle, whereby a larger proportion
of annual precipitation occurs as heavy precipitation events (Groisman et al., 2005).

Each of these five options for adjusting precipitation records is described below. For each
potential adjustment, an example is given of a question or analysis that might be addressed by
imposing the adjustment on the baseline historical precipitation record. Directly following the
analysis question, the specific CAT capability that has been implemented is described. The
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information provided in this section is limited to describing approaches and capabilities for
making adjustments to precipitation records. Chapter 3 provides a suite of tutorials that provide
the “how to” instructions for building and using modified historical precipitation records.
Chapter 4 provides a user’s manual that details all user options.

2.3.1.1.1 Apply Multiplier to Full Record

Example of a relevant question/analysis: Evaluate the impact of a uniform 20 percent increase
in precipitation on watershed endpoints.

The simplest (and coarsest) method of modifying precipitation is to apply a multiplier to
historical values over the entire span of the model run. This method can be used in a stand-alone
manner, or as one component of a more complex scenario that includes additional adjustments.
As a stand alone-adjustment, application of a constant multiplier might be performed in
situations where previous studies do not make a convincing argument that precipitation changes
exhibit seasonality, variable changes from year to year, changes in storm frequency or
intensification of storms. As a component of a scenario that includes multiple adjustments, any
of the change types described above could be superimposed on a uniform increase or decrease of
historical precipitation. For example, one might apply half of an increase in precipitation
uniformly and impose the other half in only the largest storms.

2.3.1.1.2 Apply Seasonal Multiplier

Example of a relevant question/analysis: Evaluate the impact on watershed endpoints of a
uniform 20 percent seasonal increase in precipitation during the months of June, July and August
for each year of the record.

Climate change is expected to vary seasonally throughout the year in most regions of the U.S.
For example, greater increases in precipitation are anticipated during winter months in the
northeast U.S. than at other times of the year. A seasonal adjustment to a historical record is
achieved by specifying and applying a multiplier to only records within a specific, user defined
yearly time interval or ‘season’. To define a season, CAT enables the selection of one month, or
any combination of months.

2.3.1.1.3 Modify Partial Record

Example of a relevant question/analysis: Evaluate the effect of climate change-induced
drought by decreasing by 20 percent all precipitation values occurring within the driest water
year contained within the record.

Climate change is expected to result in an increased severity of drought in many parts of the U.S.
This type of change can be represented in a climate change scenario by adjusting historical
precipitation values during specified, consecutive periods of time. For example, investigating
the impacts of increasing drought may include decreasing the precipitation total for an already
low-rainfall year. Using CAT a single multiplier can be applied to precipitation data during a
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2.0 Tools and Methods

specified portion of the historical precipitation record. The user may define the period that will
be adjusted in terms of either calendar years or water years (i.e., October to October).

2.3.1.1.4 Represent Storm Intensification

According to IPCC (2007), “It is likely that the frequency of heavy precipitation events (or
proportion of total rainfall from heavy falls) has increased over the past 50 years over most land
areas.” CAT enables representation of this phenomenon at a watershed scale, either in a stand-
alone analysis, or as a component of a more complex climate scenario.

Example of relevant questions/analyses:

(1) Evaluate the impact on watershed endpoints of a 10 percent increase of annual precipitation
occurring only within the largest 20% (defined by total storm volume) of the storms present in
the historical precipitation record; (2) Evaluate the impact on watershed endpoints of a 10
percent decrease in precipitation occurring only in events within the historical record that are
among the lowest 90% defined by total storm volume.

Using CAT a constant multiplier can be applied only to specific rainfall events that exceed or fall
below a user-specified storm volume ranking (e.g., largest 10 percent or smallest 50 %). This
capability allows changes to be imposed only on selected events within user-defined size classes,
and can be used to represent the projected effects of intensification of the hydrologic cycle,
whereby an increased proportion of annual rainfall occurs during larger magnitude events.

Implementing this type of adjustment to a historical precipitation record requires specification of
a change in precipitation volume resulting from the intensification adjustment, and specification
of the particular storm events within which this volume is distributed. More specifically, the user
must:

1. Specify a percent change in water volume over the entire precipitation record (or for a
season within each year)

2. Specify which storm events are to be adjusted using the following criteria (note the
criteria below include options for specifying what an “event” is as well as for specifying
an event intensity threshold):

a. An event intensity threshold

b. The maximum allowable length of time (hours) that the intensity threshold is not
achieved before one event concludes and another begins,

c. The minimum volume that a storm event must have to be considered a candidate for
adjustment, and/or

d. The minimum duration that a storm event must have to be considered a candidate for
adjustment.

3. Further reduce the collection of storms that will be adjusted (as per #1 above) by
specifying the percentage of the total volume of the rainfall record that is to reside in the
storms that are included in the adjustment.
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Given this information, CAT then computes (1) the total volume of rainfall to be added/removed
from the selected storms, and based on this value (2) a multiplier that will be applied uniformly
to each selected rainfall event to distribute the desired change in precipitation volume.

A Synoptic Analysis Tool is also available within the BASINS system (BASINS 4.0) that can be
used characterize precipitation events. This application may be useful to BASINS CAT users to
define event size classes and other relevant information prior to specifying adjustments using
CAT. The Synoptic Analysis Tool can be applied directly, in a stand-alone manner, to any
weather record and provides a capability to sort or group storm events based on volume (max,
sum, mean, cumulative), event duration (max, sum, mean, standard deviation), event intensity
(max, mean, standard deviation), and the elapsed time since the last event (max, mean, variance)

2.3.1.1.5 Add or Remove Storm Events

Example of a relevant question/analysis: Evaluate the impact on watershed endpoints of
increasing precipitation volume by 10 percent (in terms of volume) by adding randomly timed
rainfall events with an average intensity greater than 0.1 inches per hour.

CAT enables users to represent changes in the frequency of precipitation events by randomly
selecting and duplicating with a historical time series (adding) an existing event, or randomly
selecting and removing an existing event from a historical record. More specifically,
implementing this type of adjustment to a historical precipitation record requires the following
steps:

1. Specify a percent change in water volume over the entire precipitation record (or for a
season within each year)

2. Specify which storm events will be either duplicated (to increase total precipitation
volume) or eliminated (to decrease total precipitation volume); storm events may be
defined in terms of any or all of the following attributes:

a. An event intensity threshold,

b. The maximum allowable length of time (hours) that the intensity threshold is not
achieved before one event concludes and another begins,

c. The minimum volume that a storm event must have to be considered a candidate for
adjustment, and/or

d. The minimum duration that a storm event must have to be considered a candidate for
adjustment.

3. Given this information, CAT randomly selects precipitation events for removal or
duplication elsewhere in the record until the specified change in precipitation volume is
reached.
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2.0 Tools and Methods

When duplicating storm events, the position in the time series (i.e. the day(s) on which a new
event is added) is determined randomly. Accordingly, it is possible for new events to overlap
existing events. In such cases the new precipitation is simply added to existing precipitation for
that time interval (e.g. day). CAT maintains an internal record to avoid duplicating the same
storm twice, unless all qualifying storms have been duplicated prior to meeting the specified
volume increase.

2.3.1.2 Modify Historical Air Temperature Records and Regenerate Evapotranspiration Record

Air temperatures in the Northern Hemisphere during the second half of the 20th century were
very likely higher than during any other 50-year period in the last 500 years, and likely the
highest in at least 1300 years (IPCC, 2007). The sensitivity of different hydrologic and water
quality endpoints to changes in temperature is likely to vary. A complete understanding of the
impacts of climate change on water and watershed systems thus requires the ability to represent
and evaluate a variety of types and magnitudes of changes in temperature.

The potential influence of warming temperatures on evapotranspiration and watershed
biogeochemical cycling are particularly pronounced. Evapotranspiration is a major factor in the
hydrological cycle and has a strong effect on watershed hydrologic response. It is extremely
important to note that whenever an adjustment is made to a historical air temperature record
using CAT, the potential evapotranspiration (PET) record used by HSPF must be re-generated to
reflect the new air temperature values. HSPF uses the Hamon (1961) method for estimating the
potential evapotranspiration based on air temperature. It is very simple to re-generate PET values
to reflect modified air temperatures when running a simulation through the CAT interface.
However, re-generation of PET is not an automatic function in CAT - it is the user’s
responsibility to instruct CAT to perform the re-generation of PET.

Using CAT, changes can be imposed on a historical air temperature record by one or more of the
three methods below:

1. Apply an incremental or decremental value to all air temperature values in the historical
record; the assumption is that one component of the climate change is constant
throughout the year, either increasing or decreasing each air temperature event by a
specified value.

2. Apply an incremental or decremental value to all air temperature values within a user-
specified season each year of the full record; the assumption is that one component of the
climate change imposes a uniform increase or decrease in all air temperature values
within a season each year, but does not change the air temperature record for the rest of
each year.

3. Apply a constant to a user-specified period of the historical record; the assumption is that
one component of climate change is that year to year (or period to period) variability in
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air temperature will occur (i.e. some periods will remain consistent with historical
behavior, while others will not).

Each of these three options for adjusting air temperature records is described below. For each
potential adjustment, an example is given of a question or analysis that might be addressed by
imposing the adjustment on the baseline historical air temperature record. Directly following the
analysis question, the specific CAT capability that has been implemented is described. The
information provided in this section is limited to describing approaches and capabilities for
making adjustments to air temperature records. Chapter 3 provides a suite of tutorials that
provide the “how to” instructions for building and using modified historical air temperature
records. Chapter 4 provides a user’s manual that details all user options.

2.3.1.2.1 Apply Increment or Decrement to Full Air Temperature Records and Regenerate
Evapotranspiration Record

Example of a relevant question/analysis: Evaluate the impact of a uniform 2 degree
Fahrenheit increase in air temperature on watershed endpoints; account for effects of temperature
change on potential evapotranspiration.

The simplest method of modifying air temperature is to add or subtract a constant value from all
historical values over the entire time interval of the model run. This adjustment can be
performed in a stand-alone manner, or as one component of a more complex scenario that
includes additional adjustments. As a stand alone-adjustment, application of a uniform
increment or decrement might be performed in situations where previous studies do not make a
convincing argument that air temperature changes exhibit seasonality or variable changes from
year to year. As a component of a scenario that includes multiple adjustments, either of the other
two change types described above could be superimposed on a uniform increase or decrease of
historical air temperature. For example, one might apply half of an increase in air temperature
uniformly and impose the other half in only the summer months.

2.3.1.2.2 Apply Seasonal Increment or Decrement to Air Temperature Records and Regenerate
Evapotranspiration Record

Example of a relevant question/analysis: Evaluate the impact on watershed endpoints of a
uniform 2 degrees Fahrenheit seasonal increase in air temperature during the cool months
(November through April) and a uniform 4 degrees Fahrenheit increase during the warm months
(May through October); account for effects of temperature change on potential
evapotranspiration.

As with precipitation, CAT enables the modification of temperature (and computed PET) values
for a specified portion of the year. With many climate models predicting larger temperature
increases (in total degrees) in warmer months than in cooler, this capability can be very useful in
representing varying patterns throughout the year.
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A seasonal adjustment to a historical record is achieved by specifying and adding or subtracting
a constant value to all air temperature values that occur within a user-defined ‘season’
throughout the record. To define a season, CAT enables the selection of one month, or any
combination of months.

When making a seasonal adjustment to an air temperature record, it is the CAT user’s
responsibility to instruct CAT to re-generate the potential evapotranspiration file that HSPF will
use for watershed simulation in parallel with the modified air temperature record.

2.3.1.2.3 Adjust Partial Record and Regenerate Evapotranspiration Record

Example of a relevant question/analysis: Evaluate the effect that a uniform increase of 3
degrees Fahrenheit has on drought conditions occurring within the driest water year contained
within the simulation period; account for effects of temperature change on potential
evapotranspiration.

Investigating the impacts of increasing drought severity may, for example, require increasing the
air temperature values and re-computing PET values for a single, specified year within a
historical record. Using CAT a uniform increment or decrement can be applied to air temperature
values during a specified portion of the historical air temperature record. The user may define
the period that will be adjusted in terms of either calendar years or water years (i.e., October to
September).

When making an adjustment to a portion of an air temperature record, it is the CAT user’s
responsibility to instruct CAT to re-generate the potential evapotranspiration file that HSPF will
use for watershed simulation in parallel with the modified air temperature record.

2.3.1.3 Combine multiple adjustments to create a climate change scenario

Example of a relevant question/analysis: Evaluate the impact on watershed endpoints that
results from combining the following adjustments to the historical records:

1. 20 percent increase in summer (June through August) precipitation,

2. 2 degree Fahrenheit increase in air temperature during the ‘cool’ season (November
through April) and

3. 4 degree Fahrenheit increase in air temperature during the ‘warm’ season (May through
October).

BASINS CAT provides a listing of all adjustments that the user has defined for precipitation and
air temperature records as one of its user interface screens. Each adjustment is preceded by a
‘checkbox’ that enables the user to indicate those adjustments that are to be included as
components for simulation of a particular scenario (or series of synthetic scenarios). The user
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may use the checkboxes to sequentially specify and simulate scenarios that combine various
combinations of previously defined adjustments.

2.3.1.4 Create Synthetic Climate Change Scenarios

The IPCC-TGIA suggests analyses using synthetic scenarios as a useful approach for
understanding environmental sensitivity to climate change (IPCC-TGIA, 2007). Synthetic
scenarios describe techniques where particular climatic attributes are changed by a realistic but
arbitrary amount, often according to a qualitative interpretation of climate model simulations,
historical variability, or other available information for a region. Application of this approach
involves picking a range of values and step interval for one or more climate variable(s), and then
creating and running scenarios based on each possible combination of arbitrarily assigned
changes.

Example of a relevant question/analysis: Evaluate the sensitivity of watershed endpoints to
changes in historical air temperature from 1 to 3 degrees F (at step interval of interval 1 degree F;
equals changes of +1, +2 and +3 degrees F) and historical precipitation from 10 to 30 percent (at
step interval of 10 percent; equals changes of 10, 20 and 30 percent); account for effects of
temperature change on potential evapotranspiration.

BASINS CAT provides an explicit capability for conducting analyses using synthetic scenarios.
CAT users can specify the type and range of climatic variability to be considered, and a step
interval within the range to be considered. CAT then iteratively creates and manages the
meteorological inputs, runs the watershed model (hydrology and water quality), manages model
output, and provides tabular summaries of the response of selected endpoints. Any adjustment
that can be performed using the single-run adjustment capabilities of CAT (i.e., those described
in Sections 2.3.1.1 through 2.3.1.2) can also be performed within a series of synthetic runs.
Hence, seasonal changes (via month specifications) repeated each year or changes to a specific
whole year can be made. Results from a series of model runs can be analysed by exporting model
output for use with any statistical or graphics package.

As stated previously, it is important to note that when synthetic scenarios include adjustments to
air temperatures, CAT user’s must instruct CAT to re-generate the potential evapotranspiration
file used by HSPF in watershed simulations.

2.3.1.5 Exporting CAT Climate Change Scenarios as Text (ASCII) Files

BASINS CAT seamlessly links capabilities for modifying historical weather data to create
climate change scenarios with the HSPF watershed model within the BASINS system. It is
possible, however, that some users may wish to create climate change scenarios using BASINS
CAT for use with other models outside of the BASINS system. To provide this functionality,
BASINS CAT offers two options for exporting climate change scenarios as ASCII text files:
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2.0 Tools and Methods

1. In cases where a single adjustment is made to a precipitation or an air temperature record,
the resulting record can be exported as an ASCII file independent of running the HSPF
model.

2. In cases where multiple adjustments are made to a precipitation or an air temperature
record, it is necessary to complete a HSPF model run for one or more environmental
endpoints. After this has been accomplished, CAT enables the export of either or both of
the precipitation and air temperature records that resulted from the multiple adjustments
performed in defining the climate change scenario; again the export is performed in the
form of ASCII files.

2.3.2 Tools for Assessing Environmental Endpoints

The post-processing capability within BASINS CAT to calculate hydrologic and water quality
endpoints from model output time facilitates to the assessment of climate change impacts in
terms of metrics that are traditionally used for understanding impacts and making decisions
within their specific professions or management domains. For some investigations, simple
outputs from the HSPF model such as annual sediment or nutrient loads provide the most
effective metric. In other cases, a more relevant metric can be computed using standard model
output. A post-processing capability has been developed for CAT that calculates numerous
derived metrics such as x-year, y-duration high or low flow event. This post-processing
capability allows and greatly facilitates assessments to be conducted for key management targets
(Johnson and Kittle, 2006).

This section describes the range of endpoints that can be evaluated using CAT (Section 2.3.2.1)
and describes CAT’s ability to refine the analysis and reporting of impacts on watershed
endpoints by specifying “value ranges of concern (Section 2.3.1.2)” and “time periods of concern
(Section 2.3.1.3)".

The information provided in this section is limited to describing approaches and capabilities for
making adjustments to precipitation records. Chapter 3 provides a suite of tutorials that provide
the “how to” instructions for specifying environmental endpoints. Chapter 4 provides a user’s
manual that details all user options.

2.3.2.1 Endpoint Options

BASINS CAT users can specify endpoints to be calculated by selecting parameters (i.e. an
output HSPF time series) and attributes of parameters to be calculated (e.g. mean, min, max,
100-yr flood, 7Q10, etc.). The parameter options are determined by what is included in the
output from an HSPF simulation, or more specifically the time series specified as output in the
HSPF User Control Input file. Endpoint parameter options can be as simple as a few outputs to
WDM data sets in the External Targets block, or can be greatly expanded by using the binary
output file.
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Once a CAT application has been set up, the endpoint options are provided to the user in scroll
down menus on one or more screens. After selecting a parameter for calculating an endpoint, a
set of parameter attributes common to all time series in BASINS is available. Within the CAT
interface, the following parameter attributes are listed in a drop down menu:

e Min
e Max
e Sum

e Average annual sum of values
e Mean

e Geometric Mean

e Variance

e Standard Deviation

e Standard Error of Skew

e Serial Correlation Coefficient
e Coefficient of Variation

e 7010

e 100 year flood

2.3.2.2 Specify Value Ranges of Concern

In many cases water and watershed managers may be interested in endpoint values relative to
some critical range or threshold value. Examples include a low flow threshold below which a
fish species is subject to harm, or numeric State water quality standards for chemical endpoints.
BASINS CAT provides a capability to visually flag endpoint values of concern within the
Results table tab (Section 2.3.4.1). Users have the ability to flag endpoint values using one of
two different schemes; a ‘low range-favorable range-high range’ color scheme, or a ‘favorable
range-outside of favorable range’ color scheme. The first shading scheme corresponds to the
default setting for shading, which is blue for cells with values falling below the favorable range,
no shading for cells with values falling within the favorable range, and red for cells with values
greater than the favorable range. The threshold/range that will be indicated as favorable is
determined by the user.
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2.3.2.3 Specify Time Periods of Concern (Seasonal and/or Partial Records)

Water and watershed managers may also be interested in endpoint values during only a particular
season of each year or during a specific year (or water year) within the record. BASINS CAT
provides an option to show in the Results table only those endpoint values falling within the
period of concern. The time period of concern is determined by the user.

2.3.3 Running a HSPF Simulation Using BASINS CAT

Watershed simulations using HSPF can managed from within the BASINS CAT interface after
creating and selecting the climate change scenarios to be considered (Section 2.3.1), and
specifying the endpoints to be calculated (Section 2.3.2). Subsequent to running an assessment,
CAT users may choose to either export simulation results for analysis or visualization using
external software (e.g., MS Excel), or use existing tools within the BASINS system to create
expanded summaries and visualization. The following section describes additional tools within
BASINS for displaying and analyzing the results of HSPF simulations that may be useful to
CAT users. All HSPF simulation results generated using CAT may also be exported as ASCII
text files for use with other analysis and visualization software.

2.3.4 Tools for Summarizing and Visualizing Results

The information provided in this section is limited to describing approaches and capabilities for
summarizing and visualizing results. Chapter 3 provides a suite of tutorials that provide the
“how to” for displaying results. Chapter 4 provides a user’s manual that details all user options.

2.3.4.1 Results Tables

Results tables are the most straightforward method available for reporting the results of HSPF
simulations conducted with the CAT, including calculated endpoint values. The Results table
contains values for each endpoint selected by the user (i.e. for each attribute (e.g. mean, min) of
each HSPF output parameter (e.g, streamflow, sediment load) selected as an endpoint). The
process for generating a results table is explained in a tutorial in Section 3.4.3.

2.3.4.2 Pivot Tables

In addition to reporting results in the Results table, BASINS CAT also provides a capability for
visualizing and analyzing results of HSPF simulations using a pivot table. A pivot table is a
powerful data visualization and analysis tool available in several commercial spreadsheet
software programs (e.g., Microsoft Excel, OpenOffice.org). A pivot table can be used to quickly
and easily assess relationships among multiple variables. The user sets up and changes the
appearance of a pivot table by selecting a variable of concern and variables to use as x and y axes
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of the pivot table. Values of the variable of concern at each X,y coordinate location are then
shown as a function of the x and y coordinate variables. A pivot table is similar in concept to a
contour plot (x and y axis are the same), but expresses its information in the form of tabular
numbers rather than graphical contour lines. The process for generating pivot tables is explained
in Section 3.4.2,

2.3.4.4 Additional BASINS Tools

The time series results for HSPF simulations performed in conjunction with CAT may be
displayed or further analyzed by using any of the following BASINS capabilities:

e Graph a time series or multiple time series

e Display attributes and calculated statistics in the form of a data tree (a method of displaying
attributes and data in logical groups that can be collapsed or expanded with the "+" and "-"
boxes built into the tree).

e Compute frequency statistics such for specified n-day values and recurrence intervals
e Calculate and display statistics for user-defined “seasons*

e Generate one time series from one or multiple other time series, such as performing unit
conversions or mathematical operations (e.g. adding a number of time series)

o Create a separate time series consisting of each event exceeding a threshold, such as each
storm event with hourly precipitation exceeding 2.0 inches

2.3.5 Using Scripts to Automate CAT Applications

Both BASINS and MapWindow, the GIS framework upon which BASINS is built, are open-
source software products. This means that both programs and their source code may be
downloaded free of charge without any run-time licenses required. The software architecture of
the programs has been designed to readily allow end users to extend the programs. One way that
this may be done is through the use of scripts. MapWindow and BASINS have both been
developed in the .Net framework, meaning any script developed in a .Net language may be run
from BASINS. Scripts provide an efficient and reproducible method for performing repetitive
tasks. Scripts can be used to perform all facets of CAT analysis. A sample script and
demonstration of how scripts are run is found in Section 3.5.
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3.0 Tutorials

These Climate Assessment Tool (CAT) tutorials are designed to demonstrate a range of the
tool’s features, from simple to complex. For this reason the tutorials are divided into a series of
small sessions that exhibit specific features. There is an overarching flow to the tutorials from
beginning to end of typical CAT usage and the tutorials are organized in chronological
groupings. Each tutorial provides the context of where that session’s features fit into the CAT
application process.

NOTE: The data shown in the tutorials is for demonstration purpose only and does not
represent calibrated model results.

The tutorials are also organized in a parallel structure to Chapter 2, Tools and Methods. Where
chapter 2 provides a theoretical description of CAT features and why they were developed, the
tutorials provide detailed instruction on how to use the features. Thus, for example, each
precipitation modification feature described in Sections 2.3.1.1.1 through 2.3.1.1.5 has a
corresponding tutorial (Sections 3.1.1 through 3.1.5) with a sample application of the feature.

The overall organization of the tutorials is as follows:
BASINS-CAT Set-up

Developing Climate Change Scenarios
Specifying Environmental Endpoints

Running a CAT Assessment

o &M w bdpoE

Summarizing and Visualizing Results

NOTE: The BASINS-CAT Set-up tutorial at the end of this section must be run before any
of the other tutorials.

With the exception of the BASINS-CAT Set-up tutorial, there is a great deal of flexibility in how
the tutorials may be run. The sections listed above contain multiple tutorial sessions that
demonstrate various capabilities. It is not necessary to run every tutorial session although later
sessions under Running an Assessment and Summarizing and Visualizing Results may reference
climate change scenarios and environmental (hydrologic and water quality) endpoints developed
in earlier sessions. To make this clear to the user, each tutorial will list any tutorials that must be
run prior to it.

BASINS-CAT Setup
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This session illustrates how to reference CAT from within BASINS and the initial steps required
to begin climate change assessment. The steps in this session must be performed a single time
prior to running any other tutorials.

Before beginning this session, it is necessary to review the elements required for using CAT:
e A calibrated HSPF application

e WDM file containing HSPF input meteorological time series

e Output file(s) to which HSPF is outputting results (WDM or Binary)

Data used in the tutorials are taken from the sample files provided with the BASINS installation
package. These files are found in the \BASINS\data\Climate folder. The BASINS system is
mostly comprised of various software plug-ins, of which CAT is one. The first step in setting up
CAT to run in BASINS is to be sure it is loaded as a plug-in. Select Climate Assessment Tool
from the Plug-ins:Analysis submenu so that it has a check next to it. This will add Climate
Assessment Tool to the Analysis menu.

: BASINS 4 - 02060006
File  Compute m‘ bModel:  Edit  “iew  Plugine  ‘Watershed Delineation  Shapefile Editor - GIS Toolz Help
OB & Arcview 3 H 5 shh s om W .
Le—gend ArclIS \
Il Terrain Analy Gartcn
% Tk Ll
S Hydrology Clirnate Asseszment T ool
—{] MHL 0206 Data Tree
— | Reach File Frequency Grid
—_| Cataloging Giaph
—] Accounting .
—{/] Cataloging List
B Blevation Seazonal Attributes
[ DEM Elev Watershed Characterization Reports
5 103:11-3;82 Reclazzify Land Uze
Mo Data Praojection Parameters
Freview Map I STORET Agency Codes
Standard Industrial Classification Codes
“Wwater Cluality Criteria 304a
|><: 349797 % 4285 654 Kilometers x: 349736.3 Y 4285654023 Meters |_| 7
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1 1. Select the Analysis:Climate Assessment Tool menu option, and the following form will
2 appear.

#_ Climate Assessment Tool o] x|
File Edit Cptions Help

ClimatEDatﬁ|AssessmentEndpDints Results Tahle | Pivot Table

Base Scenatio |<clicktu select»

MNew Scenario IMDdified

Add | Remuvel Edit | Wi | Preparedl vl "l

2. Before beginning the process of generating and analyzing climate change scenarios, a
starting scenario must be specified upon which new scenarios will be based. To do this,
click in the Base Scenario box and select the file \BASINS\data\Climate\base.uci. When
this UCI file is selected, the input meteorological and output data files specified in the
UCI file will be loaded into the BASINS project and made available for use in CAT.

coNO O A~ W
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3.

Leave the New Scenario name as ‘Modified’.
i_ Climate Assessment Tool M=l B3
File Edit Options Help

Clirnate Data |.-’-'-.ssessment Endpu:uintsl Fesultz Tal:ulel Fivat Tablel

Baze Scenarno IE:"sE.-'l'-.SINS'\DataHEIimate'xl:uase.uu:i

Mew Scenarnio IMl:udified

A&dd Hemwel Edit | "-.r"iewl Frepared _vl_“l

Start |

It is advisable to save the state of the Climate Assessment Tool as tutorial exercises are
completed. This will allow later tutorials, which depend on results from earlier tutorials,
to be run without re-running the earlier tutorials. To perform this save, select the
File:Save Climate and Endpoints menu option. A file dialogue window will prompt
you for the name of a file in which the state of CAT will be saved. This saved state may
then be retrieved at a later time using the File:Load Climate and Endpoints menu
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option.
Save Yariations as XML Texk ﬂ E

Save in; Il.ﬂlilimate j &l R

Deszkiop

4

by Documents

File name: IE.-'-‘-.T-Tut-:nriaI.:-:mI j Save I
Save as lpe: IXML files [* xml] j Cancel |
P

4. At this point the generation and assessment of climate change scenarios may be
performed. The remaining tutorial sections contain exercises showing how to generate
new climate change scenarios, specify environmental endpoints, run an assessment, and
summarize and visualize results.
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3.1 Tools For Developing Climate Change Scenarios

BASINS CAT provides a flexible capability to modify historical meteorological time series to
create climate change scenarios for use with the HSPF watershed model. As described in Chapter
2, a variety of modifications, or adjustments, may be applied to precipitation and temperature
timeseries, along with a necessary capability to regenerate potential evapotranspiration (PET)
when adjustments are made to air temperature.

The tutorials in this section illustrate the major types of adjustment that can be made to historical
meteorological data to create climate change scenarios, including methods for modifying
precipitation (3.1.1), modifying temperature/regenerating PET (3.1.2), and creating synthetic
climate change scenarios (3.1.4). Within these sub-sections a number of tutorials demonstrate
the specific methods by which these data may be modified.

3.1.1 Modify Historical Precipitation Records

The tutorials in this section demonstrate the following precipitation modifications:
e Applying a multiplier to the entire record.

e Applying a seasonal multiplier.

e Applying a multiplier to a portion of the record.

e Representing Storm Intensification.

e Adding or Removing Storm Events.

These tutorials all assume that the BASINS-CAT Set-up tutorial, in Section 3.0, has already been
run.

3.1.1.1 Apply Multiplier to Full Record

To begin this tutorial, the Climate Assessment Tool form should be displayed with the
“\Basins\Data\Climate\base.uci” file as the Base Scenario, “Modified” as the New Scenario,
and the “\Basins\Data\Climate\base.wdm” file (not shown in the image below) added to the
BASINS project. These specifications are performed in the BASINS-CAT Setup tutorial in
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Section 3.0, which must be run prior to this tutorial.
i_ Climate Assessment Tool =] E3
File Edit Options Help

Clirnate Data |.-’-'-.ssessment Endpu:uintsl Fesultz Tal:ulel Fivat Tablel

Baze Scenarno IE:"sE.-'l'-.SINS'\DataHEIimate'xl:uase.uu:i

Mew Scenarnio IMl:udified

A&dd Hemwel Edit | "-.r"iewl Frepared _vl_“l

Start |

The simplest method of modifying precipitation is to apply a multiplier to historical values over
the entire span of the model run. For background on how this feature may be used to represent
climate change scenarios, see Section 2.3.1.1.1.

This tutorial will show how a single multiplier may be applied to an entire historical precipitation
data record. The final result of the tutorial will be a climate adjustment that applies a multiplier
to historical precipitation data for use as model input.

1. To begin creating a new climate adjustment, click the Add button and the Modify
Existing Data form will be displayed. This form contains the controls needed to define a
climate adjustment, including an identification label, the dataset(s) to be modified, and
how the data are to be modified. The Modification Name field is used to provide a text
label for identifying the scenario being created. Begin defining this scenario by entering
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‘Increase Precip’ in the Modification Name field.

i_ Modify Existing Data

Modification Mame: IIncrease Precip

Exizting Diata to kadify: |<|:Ii|:k to zpecify data o rmodify: i |
Compute PET: |<|:Ii|:k to zpecify PET ta replace: Wig |
Haw ta b adify: IMuItipI_l,l Esisting Y alues by a Nurmber j

—Mumber ta multiply existing data by
{* Single Change ¢ lterate Changes

Walue |1 A multiplication factar

—Ewvents

[ “aw precipitation only in the following Events

—Seazonz

[ % only in zelected

Ok, | Canizel

4

2. To select the precipitation data to modify, click in the Existing Data to Modify box and
the Select data to vary form will be displayed. In the top third of this window, titled
Select Attribute Values to Filter Available Data, you can filter the type of data to
select by Scenario, Location, or Constituent. The data matching your selections will
appear in the middle third of the window, titled Matching Data. To further filter the
data, select one or more data sets from the Matching Data list, which will show up in the
lower third of the window under Selected Data. If you would like to select all of the
Matching Data, leave the Selected Data area blank. Click on individual data sets to
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remove them from Selected Data.

i_ Select data to vary M=l E3

File Atkributes Select  Help

—Select Attribute Y alues ta Filker Available Data

Scenario - I Location j I Constituent
OESERVED 01534526 ﬂ AGWET
FT-0BS BELTSWIL AGWI
SCEM 1M AGwWD
baze LALUREL AGWS

F:101 AIRT

Fo1nn | P
katching Data [2215 of 2215]
baze F:101 GAGE
baze F:101 SEGMENT
baze F:1m FERS
baze F:1m CEPS
baze F:1m SURS
baze F:1m IZ5
baze F:1m IF5
baze F:1m LZ5

L> Ll

—Selected Data

| Ok I Cancel

3. Begin the selection process by looking at the first column, labeled Scenario, in the Select
Attribute Values to Filter Available Data frame. Click on the OBSERVED item and
all data sets with a Scenario attribute of OBSERVED will be added to the Matching
Data list. In looking at the last column of the Matching Data list, note that there are two
data sets with the Constituent name HPRECIP (hourly precipitation). The HSPF model
used in this example is only using precipitation from the Upper Marlboro gage, so click
on the data set with UPMARLBR and HPRECIP as the respective Location and
Constituent. (Note: It is possible for more than one data set to be selected for use in
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defining a climate scenario.) When this data set has moved to the Selected Data list,
click the Ok button.

;_ Select data to vary

File Attributes Select Help

IS [=] E3

—Select Attribute Y alues to Filker Available Data

Ll» Ll

I Scenario j I Location j I Consztituent
OESERVED 01534526 ﬂ AGWET
FT-0BS BELTSWIL AW
SCEM 1M AGwWD
baze LALREL AGWS
F:101 _I AIRT
b atching Data [27 of 2215]
QESERVED 01534526 FLOWS
QESERVED LALUREL HFRELIF
OESERVED UPMARLER
OESERVED BELTSWIL FET
OESERVED BELTSWIL AIRTMP
OESERVED WASH_MAT CLOUD
OESERVED WASH_MAT WiMD
OESERVED WASH_MAT DEWPT

—Selected Data [1 of 2215]
QBSERVED IPMARLER HFRELCIF

o]

Cancel

4. The Modify Existing Data form has now been updated with a description of the selected
data set in the Existing Data to Modify box. The Compute PET box is for selecting the

evapotranspiration dataset to modify when a temperature climate scenario is being

defined and may be ignored for this example. The How to Modify box contains a list of

methods for modifying the data-set values. For this example, the “Modify Existing

Values by a Number” option will be used. In the Number to multiply existing data by

frame, there are two modification options: Single Change or Iterate Changes. The
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term ‘iterate’ as used here refers to the automation of multiple runs. The Single Change
option will result in one adjustment applied to the precipitation data set. The Iterate
Changes option will result in a series of adjustments to the precipitation data set and is
used to create “synthetic” climate change scenarios as described in Section 2.3.1.4. Use
of this option is shown in the Tutorial found in Section 3.1.4 Create Synthetic Climate
Change Scenarios. For this example, we will use the Single Change option. Enter ‘1.2’
in the Value field, thus defining the value by which all values in the precipitation data set
will be multiplied. Click the Ok button to complete the scenario definition process.

:_ Modify Existing Data

b odification Marme: IIncrease Precip

Existing D'ata to Modify: IDBSEH"JED UPMARLER HPRECIP #1058 Wiew |
Compute PET: |<|:Ii|:k to specify PET to replaces Wiy |
Huaw ta b odify: Ir--*lultiplj,I E wizting % alues by a Mumber j

— Murmber to multiply existing data by
' Single Change € lterate Changes

W alue I'I 2 multiplication factor

—Ewents

[ %any precipitation only in the following E vents

—Seazonz

[ “aw only in selected

k. Cancel
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1 5. The Climate Assessment Tool form is now updated to show the newly defined climate
2 scenario.

:_ Climate Assessment Tool
File Edit Opkions Help

Climate D ata | Lzzeszment Enu:lpu:uintsl Fezults Table | Pivat Table

Baze Scenarnio IE:"aB.-'-‘-.SINSHData'\EIimate'\base.uu:i

Mew Scenario IMDdified

Add F!emu:wel E dit | g | F'reparedl _vI_"I

[w Increasze Precip Multiply 1.2

Start | Total iterationz zelected = 1 [0:08]

6. To view a listing of the modified precipitation data set, click on the newly created climate
adjustment to highlight it and then click the View button. The Time series List window
displays a listing of the values in the modified dataset. To view the modified data next to
the original, select the File:Select Data menu option and the Select Data window will be
displayed. Like earlier in this session, click the OBSERVED item from the Scenario list
and then click the OBSERVED, UPMARLBR, HPRECIP data set from the Matching
Data list. It will be added to the Selected Data list along with the modified precipitation
data set that is already in the Time series List window. Click Ok and the two data sets’

PO OWoLo~NO Ol W
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values will be displayed.

F - - -
~.. Timeseries Liskt
|

File Edit Miew Analvsis Help

History 1 from baze.wdm from baze.wdm 3
b am 3072 2.5E

Mean 00057734 0.0048162

Min 1] 0

1985/12/31 09:.00
1355/12/31 10:00
19585/12/31 11:00
1355/12/31 12:00
1985/12/31 13:00
1355/12/31 14:.00
1985/12/31 15:00
1355/12/31 16:00
1985/12/31 17.00
1355/12/31 18:00
1985/12/31 13:.00
1355/12/31 20:00
19585/12/31 21:00
135512/31 22:00
1985/12/31 23:00
1355/12/31 24:.00
1956/01/01 01:00
1356/01/01 0200
1956/01/01 03:00
1356/01/01 04.00
1956/01/01 05:00
1356/01/01 06:00

o o o o o o o o o oo oo oo oo oo oo 0o
o0 oo o o o o o o o o o o o oo o oo o oo o0

=

7. To complete this session, close the data listing and save the state of CAT, using the
File:Save Climate and Endpoints menu option, if desired.

3.1.1.2 Apply Seasonal Multiplier

To begin this tutorial, the Climate Assessment Tool form should be displayed with the
“\Basins\Data\Climate\base.uci” file as the Base Scenario, “Modified” as the New Scenario,
and the “\Basins\Data\Climate\base.wdm?” file added to the BASINS project. These
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specifications are performed in the BASINS-CAT Setup tutorial in Section 3.0, which must be
run prior to this tutorial.

A common climate scenario need is to adjust historical values during a particular portion of the
year over the entire span of the model run. For background on how this feature may be used to
represent climate change scenarios, see Section 2.3.1.1.2.

This tutorial will show how a single multiplier may be applied to precipitation data during a
specific portion of the year. The final result of the tutorial will be a climate scenario that applies
a multiplier to historical precipitation data during summer months for use as model input.

1. To begin creating a new climate scenario, click the Add button and the Modify Existing
Data form will be displayed. This form contains the controls needed to define a climate
adjustment, including an identification label, the dataset(s) to be modified, and how the
data are to be modified. The Modification Name field is used to provide a text label for
identifying the scenario being created. Begin defining this scenario by entering ‘Seasonal
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Precip’ in the Modification Name field.

i_ Modify Existing Data

Modification Mame: ISeaSDnaI Frecip

Exizting Diata to kadify: |<|:Ii|:k to zpecify data o rmodify: i |
Compute PET: |<|:Ii|:k to zpecify PET ta replace: Wig |
Haw ta b adify: IMuItipI_l,l Esisting Y alues by a Nurmber j

—Mumber ta multiply existing data by
{* Single Change ¢ lterate Changes

Walue |1 A multiplication factar

—Ewvents

[ “aw precipitation only in the following Events

—Seazonz

[ % only in zelected

Ok, | Canizel

4

2. To select the precipitation data to modify, click in the Existing Data to Modify box and
the Select data to vary form will be displayed. A detailed description of this form is
found in steps 2 and 3 of the tutorial in Section 3.1.1.1. In the first column, under the
Scenario label, click on the OBSERVED item. In looking at the Matching Data list,
note that there are two data sets with the Constituent name HPRECIP (hourly
precipitation). The HSPF model used in this example is only applying precipitation from
the Upper Marlboro gage, so click on the data set with UPMARLBR and HPRECIP as
the respective Location and Constituent. (Note: It is possible for more than one data set
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to be selected for use in defining a climate scenario.) When this data set has moved to
the Selected Data list, click the Ok button.

;_ Select data to vary

File Attributes Select Help

IS [=] E3

—Select Attribute Y alues to Filker Available Data

Ll» Ll

I Scenario j I Location j I Consztituent
OESERVED 01534526 ﬂ AGWET
FT-0BS BELTSWIL AW
SCEM 1M AGwWD
baze LALREL AGWS
F:101 _I AIRT
b atching Data [27 of 2215]
QESERVED 01534526 FLOWS
QESERVED LALUREL HFRELIF
OESERVED UPMARLER
OESERVED BELTSWIL FET
OESERVED BELTSWIL AIRTMP
OESERVED WASH_MAT CLOUD
OESERVED WASH_MAT WiMD
OESERVED WASH_MAT DEWPT

—Selected Data [1 of 2215]
QBSERVED IPMARLER HFRELCIF

o]

Cancel

3. The Modify Existing Data form has now been updated with a description of the selected

data set in the Existing Data to Modify box. The Compute PET box is for selecting
evapotranspiration dataset to modify when a temperature climate scenario is being
defined and may be ignored for this example. The How to Modify box contains a list
methods for modifying the data-set values. For this example, the “Modify Existing
Values by a Number” option will be used. A detailed description of the Number to
multiply existing data by frame is found in the tutorial in Section 3.1.1.1. For this

the

of
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example, we will use the Single Change option. Enter ‘1.2° in the Value field, thus
defining the value by which all values in the precipitation data set will be multiplied.

:_ Modify Existing Data

b odification Marme: ISeaSDnaI Precip

Existing D'ata to Modify: IDBSEH"JED UPMARLER HPRECIP #1058 Wiew |
Compute PET: |<|:Ii|:k to specify PET to replaces Wiy |
Huaw ta b odify: Ir--*lultiplj,I E wizting % alues by a Mumber j

— Murmber to multiply existing data by
' Single Change € lterate Changes

W alue I'I 2 multiplication factor

—Ewents

[ %any precipitation only in the following E vents

—Seazonz

[ “aw only in selected

k. Cancel

4

4. The Seasons frame near the bottom of the form is used for specifying a time subset of the
data set to which the modification will be applied. Begin defining this subset by clicking
on the Vary only in selected check box and two additional fields will be displayed. The
first field is a list of time subset options that includes Calendar Years, Months, and
Water Years. The second field will display a list of available time intervals based on the
item selected in the first field. For example, selecting Water Years from the first field
will populate the second field with a list of available water years based on the period of
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record of the data set. For this example, select the Months option and the second field
will be populated with the months of the year. Items in the second field may be selected

and deselected by clicking on them. Additionally, the buttons below the list may be used

to select All or None of the items. To represent increased precipitation during summer

months, select Jun, Jul, and Aug.

a2

e

Modify Existing Data

Modification Mame: ISeaSDnaI Frecip

Exizting Data to Maodify: IDBSEFWED UPMARLER HPRECIF # 105 Wigw

Compute PET: |<I:Ii|:k to zpecify PET to replaces

_View |

Haw ta b adify: IMuItipI_l,l Esisting Y alues by a Nurmber

-

—Mumber ta multiply existing data by

{* Single Change ¢ lterate Changes

Walue |1 2 multiplication factar

—Ewvents

[ “aw precipitation only in the following Events

—Seazonz

v “am only in zelected  |Month

Al

Mone |

Ok

| Cancel
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5. Click the Ok button to complete the scenario definition process. The Climate
Assessment Tool form is now updated to show the newly defined climate scenario.

:_ Climate Assessment Tool
File Edit Opkions Help

Climate D ata | Lzzeszment Enu:lpu:uintsl Fesultz Table | Pivot Tal:ulel

Baze Scenarnio IE:"aB.-'-‘-.SINSHData'\EIimate'\base.uu:i

Mew Scenario IMDdified

Add F!emu:wel E dit | g | F'reparedl _vI_"I

[w Increasze Precip Multiply 1.2
[w| Seazonal Precip Muliply 1.2 Month: JunJul Aug

Start | Total iterationz zelected = 1 [0:08]

6. To complete this session, save the state of CAT, using the File:Save Climate and
Endpoints menu option, if desired.

3.1.1.3 Modify Partial Record

To begin this tutorial, the Climate Assessment Tool form should be displayed with the
“\Basins\Data\Climate\base.uci” file as the Base Scenario, “Modified” as the New Scenario,
and the “\Basins\Data\Climate\base.wdm” file added to the BASINS project. These
specifications are performed in the BASINS-CAT Setup tutorial in Section 3.0, which must be
run prior to this tutorial.

A common climate scenario need is to adjust historical values during a particular portion of the
model run. For example, investigating the impacts of drought may include decreasing the
precipitation total for an already low-rainfall year. For background on how this feature may be
used to represent climate change scenarios, see Section 2.3.1.1.3.
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This tutorial will show how a single multiplier may be applied to precipitation data during a
specific portion of the model run. The final result of the tutorial will be a climate adjustment that
applies a multiplier to historical precipitation data during one year of a model run.

1. To begin creating a new climate scenario, click the Add button and the Modify Existing
Data form will be displayed. This form contains the controls needed to define a climate
adjustment, including an identification label, the dataset(s) to be modified, and how the
data are to be modified. The Modification Name field is used to provide a text label for
identifying the scenario being created. Begin defining this scenario by entering “Partial
Precip’ in the Modification Name field.

:_ Modify Existing Data

b odification Marme: IF'artiaI Precip

Exizting D'ata ta Maodify: |<n::|in::k to zpecify data ta rmodifys LT |
Compute PET: |<|:Ii|:k to specify PET to replaces Wiy |
Huaw ta b odify: Ir--*lultiplj,I E wizting % alues by a Mumber j

— Murmber to multiply existing data by
' Single Change € lterate Changes

W alue I'I A multiplication factor

—Ewents

[ %any precipitation only in the following E vents

—Seazonz

[ “aw only in selected

k. Cancel

58



OCoOoO~NO UL WDN PP

3.0 Tutorials

2. To select the precipitation data to modify, click in the Existing Data to Modify box and
the Select data to vary form will be displayed. A detailed description of this form is
found in steps 2 and 3 of the tutorial in Section 3.1.1.1. In the first column, under the
Scenario label, click on the OBSERVED item . In looking at the Matching Data list,
note that there are two data sets with the Constituent name HPRECIP (hourly
precipitation). The HSPF model used in this example is only applying precipitation from
the Upper Marlboro gage, so click on the data set with UPMARLBR and HPRECIP as
the respective Location and Constituent. (Note: It is possible for more than one data set
to be selected for use in defining a climate scenario.) When this data set has moved to
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the Selected Data list, click the Ok button.

i_ Select data to vary M=l E3
File Atkributes Select  Help
—Select Attibute Walues ta Filter Awvailable Data
I Scenario j IL::u:atiu:un j IEnnstituent j
OBSERVED (1594526 il AGWET i’
FT-OBS BELTSWIL AL
SCEM 101 AW
baze LALREL AGWS

P10 AIRT

Fo1nn | P [
katching Data [27 of 22158]
COBSERVED 01594526 FLOW (B
COBSERVED LALREL HFRELCIF
OBSERVED UPMARLER
COBSERVED BELTSWIL PET
COBSERVED BELTSWIL AIRTMP
COBSERVED WASH_MAT CLauD
COBSERVED WASH_MAT WwiIMD
COBSERVED WASH_MAT DEWPT LI
—Selected Data [1 of 2215]
COBSERVED UPMARLER HFRECIF

[ o |

Cancel

3. The Modify Existing Data form has now been updated with a description of the selected
data set in the Existing Data to Modify box. The Compute PET box is for selecting the

evapotranspiration dataset to modify when a temperature climate scenario is being
defined and may be ignored for this example. The How to Modify box contains a list of
methods for modifying the data-set values. For this example, the “Modify Existing
Values by a Number” option will be used. A detailed description of the Number to
multiply existing data by frame is found in the tutorial in Section 3.1.1.1. For this
example, we will use the Single Change option. Enter ‘0.8” in the Value field, thus
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defining the value by which the precipitation values will be multiplied during the year
specified in the next step.

:_ Modify Existing Data

b odification Marme: IF'artiaI Precip

Existing D'ata to Modify: IDBSEH"JED UPMARLER HPRECIP #1058 Wiew |
Compute PET: |<|:Ii|:k to specify PET to replaces Wiy |
Huaw ta b odify: Ir--*lultiplj,I E wizting % alues by a Mumber j

— Murmber to multiply existing data by
' Single Change € lterate Changes

W alue ID.E multiplication factor

—Ewents

[ %any precipitation only in the following E vents

—Seazonz

[ “aw only in selected

k. Cancel

4

4. The Seasons frame near the bottom of the form is used for specifying a time subset of the
data set to which the modification will be applied. Begin defining this subset by clicking
on the Vary only in selected check box and two additional fields will be displayed. The
first field is a list of time subset options that includes Calendar Years, Months, and
Water Years. The second field will display a list of available time intervals based on the
item selected in the first field. For example, selecting Water Years from the first field
will populate the second field with a list of available water years based on the period of
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record of the data set. Items in the second field may be selected and deselected by
clicking on them. Additionally, the buttons below the list may be used to select All or
None of the items. The sample HSPF run used here is run for water years 1986 through
1988, with 1986 being the driest. Thus, to help assess the impact of drought, select the
Water Years option and then select 1986 from the list of available water years.

2

Modify Existing Data

e

Modification Mame: IF'artiaI Frecip

Ewizting D'ata to bodify: |EIBSEFWED IPMARLER HPRECIF # 105 i |
Compute PET: |<|:Ii|:k to zpecify PET ta replace: Wig |

Haw ta b adify: IMuItipI_l,l Esisting Y alues by a Nurmber j

—Mumber ta multiply existing data by
{* Single Change ¢ lterate Changes

Walue IEI.E multiplication factar

—Ewvents

[ “aw precipitation only in the following Events

—Seazonz

¥ “awonly in selected  [Wwater Years j
1964 1965 1972 1976 1930 1934 1935
1965 1969 1973 1977 1931 1935 1939

19EE 1970 1974 1973 1982 1956
1367 1371 1375 1373 1383 1387 137

Al Mone |
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5. Click the Ok button to complete the scenario definition process. The Climate
Assessment Tool form is now updated to show the newly defined climate scenario.

:_ Climate Assessment Tool M=]

File Edit Opkions Help

Climate D ata | Azzessment Endpoints I Fezults Table I Pivat Table I

Baze Scenarnio IE:"aB.-'-‘-.SINSHData'\EIimate'\base.uu:i

Mew Scenario IMDdified

Add F!emu:wel E dit | g | F'reparedl _vI_"I

[w Increasze Precip Multiply 1.2
[w| Seazonal Precip Muliply 1.2 Month: JunJul Aug
[w] Partial Precip Multiply 0.8 ater Year 1936

Start | Total iterationz zelected = 1 [0:08]

6. To complete this session, save the state of CAT, using the File:Save Climate and
Endpoints menu option, if desired.

3.1.1.4 Represent Storm Intensification

To begin this tutorial, the Climate Assessment Tool form should be displayed with the
“\Basins\Data\Climate\base.uci” file as the Base Scenario, “Modified” as the New Scenario,
and the “\Basins\Data\Climate\base.wdm” file added to the BASINS project. These
specifications are performed in the BASINS-CAT Setup tutorial in Section 3.0, which must be
run prior to this tutorial.

CAT has the ability to represent storm intensification by increasing storm volumes by a specified
percent for a selected portion of the highest percentage storms. For background on how this
feature may be used to represent climate change scenarios, see Section 2.3.1.1.4.

This tutorial will show how to make specifications to represent storm intensification. The final
result of the tutorial will be a climate scenario that applies an increase to storm volumes in a
specified percentage of storm events.
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1. To begin creating a new climate scenario, click the Add button and the Modify Existing
Data form will be displayed. This form contains the controls needed to define a climate
adjustment, including an identification label, the dataset(s) to be modified, and how the
data are to be modified. Begin defining this scenario by entering ‘Storm Intensity’ in the
Modification Name field.

i_ Modify Existing Data

Modification Mame: IStu:urm Interziby

Exizting Diata to kadify: |<|:Ii|:k to zpecify data o rmodify: i |
Compute PET: |<|:Ii|:k to zpecify PET ta replace: Wig |
Haw ta b adify: IMuItipI_l,l Esisting Y alues by a Nurmber j

—Mumber ta multiply existing data by
{* Single Change ¢ lterate Changes

Walue |1 A multiplication factar

—Ewvents

[ “aw precipitation only in the following Events

—Seazonz

[ % only in zelected

Ok Cancel

4

2. Since we will be modifying historical precipitation data, begin the selection process by
clicking on the OBSERVED item under the Scenario list. In looking at the Matching
Data list, note that there are two data sets with the Constituent name HPRECIP (hourly
precipitation). The HSPF model used in this example is only applying precipitation from
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the Upper Marlboro gage, so click on the data set with UPMARLBR and HPRECIP as

the respective Location and Constituent. (Note: It is possible for more than one data set

to be selected for use in defining a climate scenario.) When this data set has moved to

the Selected Data list, click the Ok button.

¥ _select data to vary M=l E4

File Attributes Select Help
—Select Attribute Y alues to Filker Available Data

I Scenario j I Location j I Consztituent j
OBSERVED 01594526 ﬂx—‘«GWET i’
FT-0BS BELTSWIL AW
SCEM 1M AGwWD
baze LALREL AGWS

F:101 _I AIRT _I
b atching Data [27 of 2215]
QESERVED 01534526 FLOWS (=
QESERVED LALUREL HFRELIF
OESERVED UPMARLER
OESERVED BELTSWIL FET
OESERVED BELTSWIL AIRTMP
OESERVED WASH_MAT CLOUD
OESERVED WASH_MAT WiMD
OESERVED WASH_MAT DEWPT LI

—Selected Data [1 of 2215]
QBSERVED IPMARLER HFRELCIF

| Ok I Cancel

3. The Modify Existing Data form has now been updated with a description of the selected
data set in the Existing Data to Modify box. The Compute PET box is for selecting the
evapotranspiration dataset to modify when a temperature climate scenario is being
defined and may be ignored for this example. The How to Modify box contains a list of
methods for modifying the data-set values. For this example, select ‘Add/Remove
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4.

VVolume in Extreme Events’. The form will be updated to allow for specification of storm
intensity modifications.

:_ Modify Existing Data

b odification Marme: IStu:urm [Rtenzity

Existing D'ata to Modify: IDBSEH"JED UPMARLER HPRECIP #1058 Wiew |
Compute PET: |<|:Ii|:k to specify PET to replaces Wiy |
Huaw ta b odify: I.ﬁ.dda’HemDve Yolurme in Extreme Eventsj

—Fercent Change in Yolume

' Single Change € lterate Changes

W alue I'I 1]

e

—Ewents

v “ary precipitation only in the following Events  Change I % of events

Haourly intenzity above ifndhir

Total volume above inches

Total duration abowve hoLrs

—

Allow gaps up to [0 hous
T
T

—Seazonz

[ “aw only in selected

k. Cancel

4

In the Percent Change in Volume frame leave the Single Change option selected and
enter a value of ‘10’ percent. It is important to note that this value indicates the percent
change in the total water volume for the entire data set. In the Events frame, there are
two components available for specifying storm intensification: Vary precipitation only
in the following Events and Change a specified % of events. By default the option to
Vary precipitation only in the following Events is checked. Values may be entered for
any or all of the four elements that define an extreme event. Enter ‘0.1" in the Total
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volume above field, indicating that only events with greater than 0.1 inches/hour will be
considered storm events. The Change ... % of events field is used to specify the
percentage of the qualifying events to be modified. Leaving this field blank will result in
the specified volume change being applied to all qualifying events. Entering a percentage
value will result in the volume change being applied to the highest storms that total that
percentage of the data set’s volume. Enter a value of ‘20’ percent of the events, which
will result in a more intense modification being applied to a smaller subset of storms.

Eo]

Modify Existing Data

e

Modification Mame: IStu:urm Interziby

Ewizting D'ata to bodify: |EIBSEFWED IPMARLER HPRECIF # 105 i |
Compute PET: |<|:Ii|:k to zpecify PET ta replace: Wig |

Haw ta b adify: I.-'l'-.dd.-"Hemwe Yaolume in Extreme Eventsj

—Fercent Change in Valurme

{* Single Change ¢ lterate Changes

Walle |1 1]

&

—Ewvents

¥ “amy precipitation only in the following Events  Change IEU % of events

Hourly intensity abowve |0.1 inhr
Allow gaps up to n hoLrs
Total volume above n inches

Total duration abowve |0 hiars

[1]]

—Seazonz

[ % only in zelected

Ok Cancel

4

5. Click the Ok button at the bottom of the window. This scenario, as summarized on the
main CAT form, will intensify the storms defined on the previous form by adding 10%
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of the data set’s total volume to them.

i_ Climate Assessment Tool
File Edit Options Help

Clirnate Data |.-’-'-.ssessment Endpu:uintsl Fesultz Table | Fivot Table

Baze Scenarno IE:"sE.-'l'-.SINS'\DataHEIimate'xl:uase.uu:i

Mew Scenarnio IMl:udified

A&dd | Femove Edit | i | Frepared _vl_“l

[w] Increaze Precip Multiply 1.2

[w] Seazonal Precip Multiply 1.2 Month: JunJul Aug
[w] Partial Precip Multiply 0.8 ater Year 1336

[w] Storm Intengity Intensify 10

Start | Total terations selected = 1 [0:08]

6. Having completed defining this scenario, you may use the View button to see the values
in the modified data sets. You may also want to save the state of CAT using the
File:Save Climate and Endpoints menu option.

3.1.1.5 Add or Remove Storm Events

To begin this tutorial, the Climate Assessment Tool form should be displayed with the
“\Basins\Data\Climate\base.uci” file as the Base Scenario, “Modified” as the New Scenario,
and the “\Basins\Data\Climate\base.wdm” file added to the BASINS project. These
specifications are performed in the BASINS-CAT Setup tutorial in Section 3.0, which must be
run prior to this tutorial.

CAT has the ability to represent changes in storm frequency by adding or removing storms in a
historical record. For background on how this feature may be used to represent climate change
scenarios, see Section 2.3.1.1.5.

This tutorial will show how to make specifications to represent a change in storm frequency.
The final result of the tutorial will be a climate scenario that increases the total volume of
precipitation by a specified percent by adding storms during selected months in the year.
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1. To begin creating a new climate scenario, click the Add button and the Modify Existing
Data form will be displayed. This form contains the controls needed to define a climate
adjustment, including an identification label, the dataset(s) to be modified, and how the
data are to be modified. Begin defining this scenario by entering ‘Storm Frequency’ in
the Modification Name field.

i_ Modify Existing Data

Modification Mame: IStu:urm Frequency

Exizting Diata to kadify: |<|:Ii|:k to zpecify data o rmodify: i |
Compute PET: |<|:Ii|:k to zpecify PET ta replace: Wig |
Haw ta b adify: IMuItipI_l,l Esisting Y alues by a Nurmber j

—Mumber ta multiply existing data by
{* Single Change ¢ lterate Changes

Walue |1 A multiplication factar

—Ewvents

[ “aw precipitation only in the following Events

—Seazonz

[ % only in zelected

Ok Cancel

4

2. Since we will be modifying historical precipitation data, begin the selection process by
clicking on the OBSERVED item under the Scenario list. In looking at the Matching
Data list, note that there are two data sets with the Constituent name HPRECIP (hourly
precipitation). The HSPF model used in this example is only applying precipitation from
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the Upper Marlboro gage, so click on the data set with UPMARLBR and HPRECIP as
the respective Location and Constituent. (Note: It is possible for more than one data set
to be selected for use in defining a climate scenario.) When this data set has moved to

the Selected Data list, click the Ok button.

¥ _select data to vary M=l E4
File Attributes Select Help

—Select Attribute Walues to Filker &vailable Data

I Scenario j IL::u:atiu:un j IEnnstituent j
OBSERVED 01594526 il AGWET i’
FT-0BS BELTSWIL AW

SCEM 1M AGwWD

baze LALREL AGWS

F:101 AIRT
. | Fyreenem [

b atching Data [27 of 2215]

QESERVED 01534526 FLOWS (=
QESERVED LALUREL HFRELIF

OBSERVED UPMARLER,
OESERVED BELTSWIL FET

OESERVED BELTSWIL AIRTMP

OESERVED WASH_MAT CLOUD

OESERVED WASH_MAT WiMD

OESERVED WASH_MAT DEWPT LI
—Selected Data [1 of 2215]

QESERVED IPMARLER HFRELIF

o]

Cancel

3. The Modify Existing Data form has now been updated with a description of the selected
data set in the Existing Data to Modify box. The Compute PET box is for selecting the

evapotranspiration dataset to modify when a temperature climate scenario is being

defined and may be ignored for this example. The How to Modify box contains a list of
methods for modifying the data-set values. For this example, select *Add/Remove Storm
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Events’. The form will be updated to allow for specification of storm intensity
modifications.

8 Modify Existing Data

e

b odification Hame: IStl:urm Frequency

Existing ['ata ta Modify: I OBSERVED UPMARLER HPRECIF #1105 Wiew |

Coripute PET: |<I:Ii|:k to specify FET to replace: Wie

How to b odify: I.-'i‘-.-:lu:l.-"F! emove Storm Events j

—Percent Change in %olume

% Single Change © Iterate Changes

" alue I'I 1]

it

—Ewvents

¥ “ary precipitation only in the following Events

Haourly intenzity above indhr

T atal volume above inches

T otal duration above hours

—

Mowgspsupta [0 hous
T—
T

—Seasons

[T wam onlyin zelectad

Ok Cancel

4

In the Percent Change in Volume frame leave the Single Change option selected and
enter a value of “10” percent, indicating the percent change in the total water volume for
the entire data set. In the Events frame, checking the Vary precipitation only in the
following Events box causes four fields to be displayed for defining what qualifies as a
storm event. Qualifying events will then be randomly selected and duplicated to meet the
10% increase specified above. (Note: “Unchecking” the Vary precipitation only in the
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following Events box results in all precipitation values considered as events qualifying
for duplication.) Values may be entered for any or all of the four elements. Enter ‘0.1” in
the Total volume above field, indicating that only events with greater than 0.1
inches/hour will be considered storm events.

:_ Modify Existing Data

b odification Marme: IStu:urm Frequency

Exizting D ata to Maodify: | OESERYED UPMARLER HPRECIP #1105 Wiew |
Compute PET: |<|:Ii|:k to specify PET to replaces Wiy |
Huaw ta b odify: I.ﬁ.dda’HemDve Starm Events j

—Fercent Change in Yolume

' Single Change € lterate Changes

W alue I'I 1]

e

—Ewents

I “any precipitation only in the following E vents

Haourly intenzity above ifndhir

Total volume above inches

Total duration abowve hoLrs

—

Allow gaps up to [0 hous
T
T

—Seazonz

[ “aw only in selected

k. Cancel

4

5. The Seasons frame near the bottom of the form is used for specifying a time subset of the
data set to which the modification will be applied. Begin defining this subset by clicking
on the Vary only in selected check box and two additional fields will be displayed. The
first field is a list of time subset options that includes Calendar Years, Months, and
Water Years. The second field will display a list of available time intervals based on the
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item selected in the first field. For example, selecting Water Years from the first field
will populate the second field with a list of available water years based on the period of
record of the data set. For this example, select the Months option and the second field
will be populated with the months of the year. Items in the second field may be selected
and deselected by clicking on them. Additionally, the buttons below the list may be used
to select All or None of the items. To represent increased storm frequency during spring
months, select Mar, Apr, and May.

& Modify Existing Data

e

Modification Mame: IStu:urm Frequency

Ewizting D'ata to bodify: |EIBSEFWED IPMARLER HPRECIF # 105 i |
Compute PET: |<|:Ii|:k to zpecify PET ta replace: Wig |

Haw ta b adify: I.-'l'-.dd.-"Hemwe Starm Ewvents j

—Fercent Change in Valurme

{* Single Change ¢ lterate Changes

Walle |1 1]

&

—Ewvents

¥ “aw precipitation only in the following Events

Hourly intenzity abowve IEI1— inhr
Allow gaps up to IU hoLrs
Total walurne above IEI— inches
Taotal duration abowve IIJ— hiours
—Seazonsz
v “fam only in gelected IMDnths j

an Jun Mo

Feh Jul Dec
ug
Sep
Ot
All MHone |

Ok, | Canizel

4

6. Click the Ok button at the bottom of the window. This scenario, as summarized on the
main CAT form, will Add storms during Mar Apr May until a 10% increase in the data
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set’s original volume has been achieved.
i_ Climate Assessment Tool M=l B3
File Edit Options Help

Clirnate Data |.-’-'-.ssessment Endpu:uintsl Fesultz Tal:ulel Fivat Tablel

Baze Scenarno IE:"sE.-'l'-.SINS'\DataHEIimate'xl:uase.uu:i

Mew Scenarnio IMl:udified

A&dd | Femove Edit | i | Frepared _vl_“l

[w] Increaze Precip Multiply 1.2

[w] Seazonal Precip Multiply 1.2 Month: JunJul Aug

[w] Partial Precip Multiply 0.8 ater Year 1336

[w] Storm Intengity Intensify 10

[w] Storm Frequency AddEwents 10 Month: Mar Apr bay

Start | Total terations selected = 1 [0:08]

7. Having completed defining this scenario, you may use the View button to see the values
in the modified data sets. You may also want to save the state of CAT using the
File:Save Climate and Endpoints menu option.

3.1.2 Modify Historical Air Temperature Records and Regenerate Evapotranspiration Record

As described in the Tools and Methods chapter, temperature records, and thus generated
evapotranspiration records, may be modified in a variety of ways. The tutorials in this section
demonstrate the following modifications:

e Applying a change to the entire temperature record and regenerating PET.
e Applying a seasonal change and regenerating PET.

e Applying a change to a portion of the temperature record and regenerating PET.

These tutorials all assume that the BASINS-CAT Set-up tutorial, in Section 3.0, has already been
run.
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3.1.2.1 Apply Increment or Decrement to Full Air Temperature Records and Regenerate
Evapotranspiration Record

To begin this tutorial, the Climate Assessment Tool form should be displayed with the
“\Basins\Data\Climate\base.uci” file as the Base Scenario, “Modified” as the New Scenario,
and the “\Basins\Data\Climate\base.wdm” file added to the BASINS project. These
specifications are performed in the BASINS-CAT Setup tutorial in Section 3.0, which must be
run prior to this tutorial.

The simplest method of modifying temperature is to apply a multiplier to historical values over
the entire span of the model run. Potential Evapotranspiration (PET) data are then regenerated
using the modified temperature values. For background on how this feature may be used to
represent climate change scenarios, see Section 2.3.1.2.1.

This tutorial will show how a single change may be applied to an entire historical air temperature
data record and how PET data are regenerated from the modified data. The final result of the
tutorial will be a climate adjustment that applies an increase to historical air temperature data and
regenerates PET data for use as model input.

1. To begin creating a new climate adjustment, click the Add button and the Modify
Existing Data form will be displayed. This form contains the controls needed to define a
climate adjustment, including an identification label, the dataset(s) to be modified, and
how the data are to be modified. The Modification Name field is used to provide a text
label for identifying the scenario being created. Begin defining this scenario by entering
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“Temperature’ in the Modification Name field.

i_ Modify Existing Data

Modification Mame: ITemperature

Exizting Diata to kadify: |<|:Ii|:k to zpecify data o rmodify: i |
Compute PET: |<|:Ii|:k to zpecify PET ta replace: Wig |
Haw ta b adify: IMuItipI_l,l Esisting Y alues by a Nurmber j

—Mumber ta multiply existing data by
{* Single Change ¢ lterate Changes

Walue |1 A multiplication factar

—Ewvents

[ “aw precipitation only in the following Events

—Seazonz

[ % only in zelected

Ok, | Canizel

4

2. To select the air temperature data to modify, click in the Existing Data to Modify box
and the Select data to vary form will be displayed. In the top third of this window, titled
Select Attribute Values to Filter Available Data, you can filter the type of data to
select by Scenario, Location, or Constituent. The data matching your selections will
appear in the middle third of the window, titled Matching Data. To further filter the
data, select one or more data sets from the Matching Data list, which will show up in the
lower third of the window under Selected Data. If you would like to select all of the
Matching Data, leave the Selected Data area blank. Click on individual data sets to
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i_ Select data to vary M=l E3
File Atkributes Select  Help
—Select Attibute Walues ta Filter Awvailable Data
Scenario - IL::u:atiu:un j IEnnstituent j
OBSERVED (1594526 il AGWET i’
FT-0BS BELTSWIL AGWI
SCEM 1M AGwWD
baze LALUREL AGWS
F:101 LI AIRT LI
FeA e AR TR
katching Data [2215 of 2215]
base P01 GAGE i’
baze F:101 SEGMENT
baze F:1m FERS
baze F:1m CEPS
baze F:1m SURS
baze F:1m IZ5
baze F:1m IF5
baze F:1m LZ5

—Selected Data

| Ok I Cancel

3. Begin the selection process by looking at the first column, labeled Scenario, in the Select

Attribute Values to Filter Available Data frame. Click on the OBSERVED item and
all data sets with a Scenario attribute of OBSERVED will be added to the Matching
Data list. In looking at the last column of the Matching Data list, note the data set with
the Constituent name AIRTMP (air temperature). Click on this data set and it will be
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added to the Selected Data list. Click the Ok button to close the form.

i_ Select data to vary M=l E3

File Atkributes Select  Help

—Select Attribute Y alues ta Filker Available Data

IScenariD j IL::u:atiu:un j IEnnstituent j
OBSERVED 01594525 il AGWET i’
PT-0OBS BELTSWIL AW
SCEM [:101 AGWD
baze LALREL ARWS
P11 Ll AIRT Ll
Fdnn AETh N
katching Data [27 of 22158]
OBSERVED 01594526 FLOM |
QBSERVED LAUREL HFRECIF
QBSERVED IFMARLER HFRECIF I
QBSERVED BELTSWIL FET
OBSERVED BELTSVIL
QBSERVED WASH_MAT CLouD
QBSERVED WASH_MAT WD
QBSERVED WASH_MAT DEWPFT LI

—Selected Data [1 of 2215]
QESERVED BELTSVIL AIRTHP

| Ok I Cancel

4. The Modify Existing Data form has now been updated with a description of the selected
data set in the Existing Data to Modify box. When modifying temperature it is
necessary to also re-compute the Potential Evapotranspiration (PET) using the modified
temperature data. Click in the Compute PET box to specify which PET data to re-
compute.
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i odification Marme: ITemperature

Eristing D'ata to Modify: IDESEH"-.-"ED BELTSWIL AIRTHMP # 122

Compute PET: |<|:Ii|:k to specify PET to replaces

Haw ta kA adify: IMuItipI_l.l Emizting Yalues by a Mumber j

_View |

it

—Mumber to multiply existing data by
% Single Change € lterate Changes

" alue I'I A rultiplication factor

—Ewents

[T “am precipitation only in the following E vents

—Seasohz

[T Wary only in selected

Ok

Cancel

A
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In the Select data to vary form, again click on the OBSERVED item in the Scenario
column and then click the OBSERVED BELTSVIL PET data set from the Matching
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Data list. Click the Ok button to close the Select data to vary form.

:_ Select PET to replace with values computed from air temperature
File Atkributes Select  Help
—Select Attribute Yalues to Filker Available Data

Scenario j IL::u:atiu:un j IEnnstituent j
OBSERVED 01594525 il AGWET i’
PT-0OBS BELTSWIL AW
SCEM [:101 AGWD
baze LALREL ARWS
P11 Ll AIRT Ll
Fdnn AETh N
katching Data [27 of 22158]
OBSERVED 01594526 FLOM |
QBSERVED LAUREL HFRECIF
QBSERVED IFMARLER HFRECIF I
OBSERVED BELTSVIL
QBSERVED BELTSWIL AIRTHMP
QBSERVED WASH_MAT CLouD
QBSERVED WASH_MAT WD
QBSERVED WASH_MAT DEWPFT LI

—Selected Data [1 of 2215]
QESERVED BELTSVIL FET

| Ok I Cancel

6. The Modify Existing Data form has been updated with a description of the selected data
set in the Compute PET box. The How to Modify box contains a list of methods for
modifying the data-set values. For this example, select the “Change Temperature”
option. In the Degrees to add to each existing temperature value frame, there are two
modification options: Single Change or Iterate Changes. The term ‘iterate’ as used
here refers to the automation of multiple runs. The Single Change option will result in
one adjustment applied to the temperature data set. The Iterate Changes option will
result in a series of adjustments to the temperature data set and is used to create
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“synthetic” climate change scenarios as described in Section 2.3.1.4. Use of this option is
shown in the Tutorial found in Section 3.1.4 Create Synthetic Climate Change Scenarios.
For this example, we will use the Single Change option. Enter ‘2 in the Value field,
thus defining the amount to be added to all values in the temperature data set. Click the
Ok button to complete the scenario definition process.

. Modify Existing Data

e

Modification Mame: ITemperature

Existing D ata to Maodify: IDBSEHVED BELTSWIL AIRTMP #122 Yiew |
Compute PET: IEIBSEFWED BELTSWIL PET #1711 Wigw |
Haw ta b adify: IEhange Temperature j

—Degrees to add to each exizting temperature valle

{* Single Change ¢ lterate Changes

Walue |2 deqrees

—Ewvents

[ “aw precipitation only in the following Events

—Seazonz

[ % only in zelected

Ok Cancel
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7. The Climate Assessment Tool form is now updated to show the newly defined climate

scenario.

:_ Climate Assessment Tool M=]
File Edit Opkions Help

Climate D ata | Azzessment Endpoints I Fezults Table I Pivat Table I

Baze Scenarnio IE:"aB.-'-‘-.SINSHData'\EIimate'\base.uu:i

Mew Scenario IMDdified

Add | Remove E dit | g | F'reparedl _vI_"I

[w Increasze Precip Multiply 1.2

[w| Seazonal Precip Muliply 1.2 Month: JunJul Aug

[w] Partial Precip Multiply 0.8 ater Year 1936

[w] Starm [ntensity Intenzify 10

[w] Starmn Frequency AddEwvents 10 Month: kar Apr kay
[w| Temperature Add 2

Start | Total iterationz zelected = 1 [0:08]

8. To complete this session, close the data listing and save the state of CAT, using the
File:Save Climate and Endpoints menu option, if desired.

3.1.2.2 Apply Seasonal Increment or Decrement to Air Temperature Records and Regenerate
Evapotranspiration Record

To begin this tutorial, the Climate Assessment Tool form should be displayed with the
“\Basins\Data\Climate\base.uci” file as the Base Scenario, “Modified” as the New Scenario,
and the “\Basins\Data\Climate\base.wdm” file added to the BASINS project. These
specifications are performed in the BASINS-CAT Setup tutorial in Section 3.0, which must be
run prior to this tutorial.

As with precipitation, CAT allows for the modification of temperature (and computed PET)
values for a specified portion of the year. With many climate models predicting larger
temperature increases (in total degrees) in warmer months than in cooler, this capability can be
very useful in representing varying patterns throughout the year. For background on how this
feature may be used to represent climate change scenarios, see Section 2.3.1.2.2.
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This tutorial will show how a single change may be applied to a historical air temperature data
record for a specified portion of the year and how PET data are regenerated from the modified
data. The final result of the tutorial will be two climate adjustments, one for cool months and
one for warm, that apply different increases to historical air temperature data and regenerate PET
data for use as model input.

1. To begin creating the cool months temperature adjustment, click the Add button and the
Modify Existing Data form will be displayed. This form contains the controls needed to
define a climate adjustment, including an identification label, the dataset(s) to be
modified, and how the data are to be modified. The Modification Name field is used to
provide a text label for identifying the scenario being created. Begin defining this
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scenario by entering “Temp Cool Season’ in the Modification Name field.

i_ Modify Existing Data

Modification Mame: ITemp Cool Seaszon

Exizting Diata to kadify: |<|:Ii|:k to zpecify data o rmodify: i |
Compute PET: |<|:Ii|:k to zpecify PET ta replace: Wig |
Haw ta b adify: IMuItipI_l,l Esisting Y alues by a Nurmber j

—Mumber ta multiply existing data by
{* Single Change ¢ lterate Changes

Walue |1 A multiplication factar

—Ewvents

[ “aw precipitation only in the following Events

—Seazonz

[ % only in zelected

Ok, | Canizel

4

2. To select the air temperature data to modify, click in the Existing Data to Modify box
and the Select data to vary form will be displayed. A detailed description of this form is
found in steps 2 and 3 of the tutorial in Section 3.1.2.1. In the first column, under the
Scenario label, click on the OBSERVED item and all data sets with a Scenario attribute
of OBSERVED will be added to the Matching Data list. In looking at the last column of
the Matching Data list, note the data set with the Constituent name AIRTMP (air
temperature). Click on this data set and it will be added to the Selected Data list. Click
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the Ok button to close the form.

i_ Select data to vary M=l E3

File Atkributes Select  Help

—Select Attribute Y alues ta Filker Available Data

IScenariD j IL::u:atiu:un j IEnnstituent j
OBSERVED 01594525 il AGWET i’
PT-0OBS BELTSWIL AW
SCEM [:101 AGWD
baze LALREL ARWS
P11 Ll AIRT Ll
Fdnn AETh N
katching Data [27 of 22158]
OBSERVED 01594526 FLOM |
QBSERVED LAUREL HFRECIF
QBSERVED IFMARLER HFRECIF I
QBSERVED BELTSWIL FET
OBSERVED BELTSVIL
QBSERVED WASH_MAT CLouD
QBSERVED WASH_MAT WD
QBSERVED WASH_MAT DEWPFT LI

—Selected Data [1 of 2215]
QESERVED BELTSVIL AIRTHP

| Ok I Cancel

3. The Modify Existing Data form has now been updated with a description of the selected
data set in the Existing Data to Modify box. When modifying temperature it is
necessary to also re-compute the Potential Evapotranspiration (PET) using the modified
temperature data. Click in the Compute PET box to specify which PET data to re-
compute.
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:_ Modify Existing Data

b odification Marme: ITemp Cool 5eazon

Existing D'ata to Modify: IDBSEH"JED BELTSWIL AIRTMP #122 Wiew |
Compute PET: |<|:Ii|:k to specify PET to replaces Wiy |
Huaw ta b odify: Ir--*lultiplj,I E wizting % alues by a Mumber j

— Murmber to multiply existing data by
' Single Change € lterate Changes

W alue I'I A multiplication factor

—Ewents

[ %any precipitation only in the following E vents

—Seazonz

[ “aw only in selected

k. Cancel

4

4. In the Select data to vary form, again click on the OBSERVED item in the Scenario
column and then click the OBSERVED BELTSVIL PET data set from the Matching
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Data list. Click the Ok button to close the Select data to vary form.

:_ Select PET to replace with values computed from air temperature
File Atkributes Select  Help
—Select Attribute Yalues to Filker Available Data

coONOOThhW N

Scenario j IL::u:atiu:un j IEnnstituent j
OBSERVED 01594525 il AGWET i’
PT-0OBS BELTSWIL AW
SCEM [:101 AGWD
baze LALREL ARWS
P11 Ll AIRT Ll
katching Data [27 of 22158]
OBSERVED 01594526 FLOM |
QBSERVED LAUREL HFRECIF
QBSERVED IFMARLER HFRECIF I
OBSERVED BELTSVIL
QBSERVED BELTSWIL AIRTHMP
QBSERVED WASH_MAT CLouD
QBSERVED WASH_MAT WD
QBSERVED WASH_MAT DEWPFT LI
—Selected Data [1 of 2215]
OBSERVED BELTSVIL FET

| Ok I Cancel

5. The Modify Existing Data form has been updated with a description of the selected data
set in the Compute PET box. The How to Modify box contains a list of methods for
modifying the data-set values. For this example, the “Change Temperature” option will
be used. A detailed description of the Degrees to add to each existing temperature
value frame is found in the tutorial in Section 3.1.2.1. For this example, we will use the
Single Change option. Enter “2” in the Value field, which will be the temperature
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increase applied to the air temperature values in the season defined in the next step.

i_ Modify Existing Data

Modification Mame: ITemp Cool Seaszon

Existing D ata to Maodify: IEIBSEFWED BELTSWIL AIRTMP #122 Yiew |
Compute PET: IEIBSEFWED BELTSWIL PET #1711 Wigw |
Haw ta b adify: IEhange Temperature j

—Degrees to add to each exizting temperature valle

{* Single Change ¢ lterate Changes

Walue |2 deqrees

—Ewvents

[ “aw precipitation only in the following Events

—Seazonz

[ % only in zelected

Ok Cancel

4

6. The Seasons frame near the bottom of the form is used for specifying a time subset of the
data set to which the modification will be applied. Begin defining this subset by clicking
on the Vary only in selected check box and two additional fields will be displayed. The
first field is a list of time subset options that includes Calendar Years, Months, and
Water Years. The second field will display a list of available time intervals based on the
item selected in the first field. For example, selecting Water Years from the first field
will populate the second field with a list of available water years based on the period of
record of the data set. For this example, select the Months option and the second field
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will be populated with the months of the year. Items in the second field may be selected
and deselected by clicking on them. Additionally, the buttons below the list may be used
to select All or None of the items. To apply the 2 degree increase to cooler months,
select Nov through Apr.

:_ Modify Existing Data

b odification Marme: ITemp Cool Seazon

Exizting D ata to Maodify: |EIBSEFWED BELTSWIL AIRTMP #122 Wiew |
Compute PET: IEIBSEFW'ED BELTSYILPET #111 Wi |
Huaw ta b odify: IEhange Temperature j

—Degrees to add to each existing temperature value

' Single Change € lterate Changes

W alue |2 degrees

—Ewents

[ %any precipitation only in the following E vents

—Seasons
¥ “aw only in selected  |Marths j

All MHone |

1]3 | Cancel

4

7. Click the Ok button to complete defining the cooler month’s temperature adjustment.
The newly defined adjustment will be shown on the Climate Assessment Tool form. To
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begin defining the warm month’s air temperature adjustment, click the Add button again.

i_ Climate Assessment Tool =] E3

File Edit Options Help

Clirnate Data |.-’-'-.ssessment Endpu:uintsl Fesultz Tal:ulel Fivat Tablel

Baze Scenarno IE:"sE.-'l'-.SINS'\DataHEIimate'xl:uase.uu:i

Mew Scenarnio IMl:udified

A&dd | Femove Edit | i | Frepared _vl_“l

[w] Increaze Precip Multiply 1.2

[w] Seazonal Precip Multiply 1.2 Month: JunJul Aug

[w] Partial Precip Multiply 0.8 ater Year 1336

[w] Storm Intengity Intensify 10

[w] Storm Frequency AddEwents 10 Month: Mar Apr bay

[w| Temperature Add 2

[w| Temp Cool Seazon Add 2 Month: Jan Feb kar Apr Maow Dec

Start | Total terations selected = 1 [0:08]

8. From the Modify Existing Data form, enter ‘Temp Warm Season’ in the Modification
Name field. Next, repeat steps 2 - 4 to select the same air temperature and PET data sets
as before. For the warm month’s adjustment, we will apply a 4 degree increase to the
historical data. Select Change Temperature from the How to Modify list and then
enter ‘4’ in the Value field. In the Seasons frame, again select Months from the first list
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and then select May through Oct.

Eo]

e

Modify Existing Data

Modification Mame: ITemp Wiarm S eazon

Ewizting D'ata to bodify: IEIBSEFWED BELTSWIL AIRTHP # 122

Wigw

Compute PET: IDBSEFWED BELTSYIL PET #111

_View |

Haw ta b adify: IEhange Temperature

-

—Degrees to add to each exizting temperature valle

{* Single Change ¢ lterate Changes

Walue |4 deqrees

—Ewvents

[ “aw precipitation only in the following Events

—Seazonz

¥ “aw only in selected  |Marths

Al

Mone |

Ok

| Cancel

3.0 Tutorials
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9. Click the Ok button to complete defining the warm month’s temperature adjustment.
The newly defined adjustment will be shown on the Climate Assessment Tool form.

:_ Climate Assessment Tool M=]

File Edit Opkions Help

Climate D ata | Azzessment Endpoints I Fezults Table I Pivat Table I

Baze Scenarnio IE:"aB.-'-‘-.SINSHData'\EIimate'\base.uu:i

Mew Scenario IMDdified

Add | Remove E dit | g | F'reparedl _vI_"I

[w Increasze Precip Multiply 1.2

[w| Seazonal Precip Muliply 1.2 Month: JunJul Aug

[w] Partial Precip Multiply 0.8 ater Year 1936

[w] Starm [ntensity Intenzify 10

[w] Starmn Frequency AddEwvents 10 Month: kar Apr kay

[w| Temperature Add 2

[w| Temp Cool Seazon Add 2 Month: Jan Feb kar &pr Moy Dec
[w] Temp *arm Seazon 4dd 4 Month: May Jun Jul Aug Sep Oct

Start | Total iterationz zelected = 1 [0:08]

10. To complete this session, save the state of CAT, using the File:Save Climate and
Endpoints menu option, if desired.

3.1.2.3 Adjust Partial Record and Regenerate Evapotranspiration Record

To begin this tutorial, the Climate Assessment Tool form should be displayed with the
“\Basins\Data\Climate\base.uci” file as the Base Scenario, “Modified” as the New Scenario,
and the “\Basins\Data\Climate\base.wdm” file added to the BASINS project. These
specifications are performed in the BASINS-CAT Setup tutorial in Section 3.0, which must be
run prior to this tutorial.

A common climate scenario need is to adjust historical values during a particular portion of the
model run. For example, investigating the impacts of drought may include increasing the air
temperature values, and re-computing PET values, for a specified year. For background on how
this feature may be used to represent climate change scenarios, see Section 2.3.1.2.3.

This tutorial will show how a single change may be applied to a historical air temperature data
record for a specified portion of the model run and how PET data are regenerated from the
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modified data. The final result of the tutorial will be a climate adjustment that increases
historical air temperature data and regenerates PET data for a single year of a model run.

1. To begin creating a new climate scenario, click the Add button and the Modify Existing
Data form will be displayed. This form contains the controls needed to define a climate
adjustment, including an identification label, the dataset(s) to be modified, and how the
data are to be modified. The Modification Name field is used to provide a text label for
identifying the scenario being created. Begin defining this scenario by entering “Partial
Temp’ in the Modification Name field.

FTT]

Modify Existing Data

[T

M odification Mame: IF'artiaI Temp

Exizting Diata to kaodify: |<|:Ii|:k to gpecify data o rodify: LT

Caompute PET: I<n::|in::k to zpecify PET ta replaces Wiew

How to Modify: IMuItipI_l,l Ewizting Y alues by a Mumber j

—MNumber to rulbiply existing data by
¥ Single Change  |terate Changes

Walle |1 A multiplication Factar

—Ewents

[~ “amy precipitation anly in the following Events

—Seazon:

[ %an only in zelected

Ok Caricel
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2. To select the air temperature data to modify, click in the Existing Data to Modify box
and the Select data to vary form will be displayed. A detailed description of this form is
found in steps 2 and 3 of the tutorial in Section 3.1.2.1. In the first column, under the
Scenario label, click on the OBSERVED item and all data sets with a Scenario attribute
of OBSERVED will be added to the Matching Data list. In looking at the last column of
the Matching Data list, note the data set with the Constituent name AIRTMP (air
temperature). Click on this data set and it will be added to the Selected Data list. Click

the Ok button to close the form.

¥ _select data to vary M=l E4
File Attributes Select Help
—Select Attribute Walues to Filker &vailable Data

I Scenario j IL::u:atiu:un j IEnnstituent j
OBSERVED 01594526 il AGWET i’
FT-0BS BELTSWIL AW

SCEM 1M AGwWD

baze LALREL AGWS

F:101 AIRT
. | Fyreenem [

b atching Data [27 of 2215]

QESERVED 01534526 FLOWS (=
QESERVED LALUREL HFRELIF

OESERVED PMARLER HFRELIF —
OESERVED BELTSWIL FET

OBSERVED BELTSVIL
OESERVED WASH_MAT CLOUD

OESERVED WASH_MAT WiMD

OESERVED WASH_MAT DEWPT LI
—Selected Data [1 of 2215]

QESERVED BELTSWIL AIRTHP

| Ok I Cancel
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3. The Modify Existing Data form has now been updated with a description of the selected

4.

data set in the Existing Data to Modify box. When modifying temperature it is

necessary to also re-compute the Potential Evapotranspiration (PET) using the modified
temperature data. Click in the Compute PET box to specify which PET data to re-

compute.

__ Modify Existing Data

b odifization Marme: IF'artiaI Temp

Exizting D ata to Modify: |EIBSEF|"~'"ED BELTSWIL AIRTMP #122 "Wigw |
Compute PET: |<|:Ii|:k to zpecify PET ta replace: Wigi |
Haw ta b odify: IMuItipI_l,l E wizting % alues by a Mumber j

— Murmber to multiply exizting data by
' Single Change ¢ lterate Changes

" ale |1 A multiplication factor

—Events

[ Waw precipitation only in the following Events

—Seazon:

[~ “aw only in selected

] Cancel

4

In the Select data to vary form, again click on the OBSERVED item in the Scenario
column and then click the OBSERVED BELTSVIL PET data set from the Matching
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Data list. Click the Ok button to close the Select data to vary form.

—Select Attribute Y alues ta Filker Available Data

:_ Select PET to replace with values computed from air temperature
File Atkributes Select  Help

Scenario j IL::u:atiu:un j IEnnstituent j
OBSERVED 01594525 il AGWET i’
PT-0OBS BELTSWIL AW
SCEM [:101 AGWD
baze LALREL ARWS
P11 Ll AIRT Ll
katching Data [27 of 22158]
OBSERVED 01594526 FLOM |
QBSERVED LAUREL HFRECIF
QBSERVED IFMARLER HFRECIF I
OBSERVED BELTSVIL
QBSERVED BELTSWIL AIRTHMP
QBSERVED WASH_MAT CLouD
QBSERVED WASH_MAT WD
QBSERVED WASH_MAT DEWPFT LI
—Selected Data [1 of 2215]
OBSERVED BELTSVIL FET

| Ok I Cancel

5. The Modify Existing Data form has been updated with a description of the selected data
set in the Compute PET box. The How to Modify box contains a list of methods for
modifying the data-set values. For this example, the “Change Temperature” option will
be used. A detailed description of the Degrees to add to each existing temperature
value frame is found in the tutorial in Section 3.1.2.1. For this example, we will use the
Single Change option. Enter ‘3’ in the Value field, which will be the temperature
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increase applied to the air temperature values in the year specified in the next step.

i_ Modify Existing Data

Modification Mame: IF'artiaI Temp

Existing D ata to Maodify: IDBSEHVED BELTSWIL AIRTMP #122 Yiew |
Compute PET: IEIBSEFWED BELTSWIL PET #1711 Wigw |
Haw ta b adify: IEhange Temperature j

—Degrees to add to each exizting temperature valle

{* Single Change ¢ lterate Changes

Walue |3 deqrees

—Ewvents

[ “aw precipitation only in the following Events

—Seazonz

[ % only in zelected

Ok Cancel

4

6. The Seasons frame near the bottom of the form is used for specifying a time subset of the
data set to which the modification will be applied. Begin defining this subset by clicking
on the Vary only in selected check box and two additional fields will be displayed. The
first field is a list of time subset options that includes Calendar Years, Months, and
Water Years. The second field will display a list of available time intervals based on the
item selected in the first field. For example, selecting Water Years from the first field
will populate the second field with a list of available water years based on the period of
record of the data set. Items in the second field may be selected and deselected by
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clicking on them. Additionally, the buttons below the list may be used to select All or
None of the items. The sample HSPF run used here is run for water years 1986 through
1988, with 1986 being the driest. Thus, to help assess the impact of drought, select the
Water Years option and then select 1986 from the list of available water years.

f__ Modify Existing Data

b odification Marme: IF'artiaI Temp

Exizting D ata to Maodify: |EIBSEFWED BELTSWIL AIRTMP #122 Wiew |
Compute PET: IEIBSEFW'ED BELTSYILPET #111 Wi |
Huaw ta b odify: IEhange Temperature j

—Degrees to add to each existing temperature value

' Single Change € lterate Changes

W alue |3 degrees

—Ewents

[ %any precipitation only in the following E vents

— Seazon:
V¥ “am only in selected  [Water Years j

1920 1985 1930
1331 1936 1331

1332 1387
1983 1982
1354 1323

All MHone |

1]3 | Cancel
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1 7. Click the Ok button to complete the scenario definition process. The Climate
2 Assessment Tool form is now updated to show the newly defined climate scenario.

File Edit Opkions Help

Climate D ata | Azzessment Endpoints I Fezults Table I Pivat Table I

Baze Scenarnio IE:"aB.-'-‘-.SINSHData'\EIimate'\base.uu:i

Mew Scenario IMDdified

Add | Remove E dit | g | F'reparedl _vI_"I

[w Increasze Precip Multiply 1.2

[w| Seazonal Precip Muliply 1.2 Month: JunJul Aug

[w] Partial Precip Multiply 0.8 ater Year 1936

[w] Starm [ntensity Intenzify 10

[w] Starmn Frequency AddEwvents 10 Month: kar Apr kay

[w| Temperature Add 2

[w| Temp Cool Seazon Add 2 Month: Jan Feb kar &pr Moy Dec
[w] Temp *arm Seazon 4dd 4 Month: May Jun Jul Aug Sep Oct
[w| Partial Temp Add 3 ater Year: 1986

Start | Total iterationz zelected = 1 [0:08]

8. To complete this session, save the state of CAT, using the File:Save Climate and
Endpoints menu option, if desired.

3.1.3 Combine multiple changes to create a climate change scenario

o » Ok~ W

9  This tutorial requires some number of climate adjustments to be defined using the tutorials in
10  Sections 3.1.1.1 through 3.1.2.3. This tutorial uses climate adjustments defined in previous
11  tutorials to show how they can be combined to create climate change scenarios composed of
12 multiple adjustments to historical temperature and/or precipitation data. However, the tutorial
13  can also be performed using climate adjustments other than those shown here.

14 This tutorial will create two climate change scenarios. The first combines temperature and

15  precipitation changes to create a long term change scenario. The second combines decreasing
16  precipitation and increasing temperature for a selected, single year to create a scenario

17  representing the potential intensification of a drought year.

18 1. The Climate Assessment Tool form displays the previously defined climate adjustments
19 in a list on the Climate Data tab. Each adjustment has a check box for indicating
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whether or not it is to be included as a component of the climate scenario being

developed. The order of adjustments may be controlled by selecting an adjustment and
using the up and down arrow buttons above the list. This is particularly important when

multiple adjustments are being made to the same values in an input data set (e.g.

increasing an entire precipitation record and also increasing a season’s storm intensity).

2. Begin defining a climate scenario by “checking on” the following adjustments:

e Increase Precip Multiply 1.2

e Temperature Add 2

All other climate adjustments should be “checked off”. This combination of adjustments
represents a climate scenario that is available for input to the model. (Note: This scenario
will not be run here as this tutorial is only demonstrating how climate change scenarios

are defined).

__ Climate Assessment Tool H=]

File Edit Options Help

Climate [ ata |.ﬂ.ssessment Endpu:uintsl Fesults Tal:ulel Fivat Tablel

Baze Scenario II::HE.-'l‘-.SINSHDataHEIimateHbase.uI:i

Mew Scenano IM::u:Iifieu:I

Add | Fiemu:wel E dit | i | F'reparedl _VI_AI

[w| Increasze Precip Multiply 1.2

[ Seazonal Precip Multiply 1.2 kMonth: JunJul Aug

[ Partial Precip kultiply 0.8 ater Year 1936

[ Starm [ntensity Intengify 10

[ Starmn Frequency AddEventz 10 Month: bar Apr bay
™ Temperature Add 2
[ Temp Cool Seazon ddd 2 Month: Jan Feb Mar &pr How Dec
[] Temp *arm Seazon Add 4 Month: May Jun Jul Aug Sep Oct
[ Partial Temp Add 3w ater Year 1986

[ Swnthetic Temp Add from 0 ta 3 step 1

[ Swnthetic Precip Multiply from 1 to1.3 step 0.1

Start | Total terations selected = 1 [0:08]

3. Begin defining another scenario by “checking on” the following scenarios:
e Partial Precip Multiply 0.8 Water Year: 1986

e Partial Temp Add 3 Water Year: 1986
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All other climate adjustments should be “checked off”. This combination of adjustments
represents a climate scenario for assessing the intensification of a drought year during a

model run.

__ Climate Assessment Tool
File Edit ©ptions Help

Clirnate D ata |.-’-'-.ssessment Endpu:uintsl Fesults Tal:ulel Fisat Tablel

=] B3

Baze Scenario IE:'xB.-'-‘-.SINS'\Data'&EIimate'&hase.uc:i

Mew Scenano IMDdified

Add | Hemwel Edit | LT | F'repareu:ll

o=

[] Increasze Precip Multiply 1.2

[ Seazonal Precip Multiply 1.2 Month: JunJul Aug

[w] Partial Precip Multiply 0.3 % ater Year. 1986

[7] Storm Intengity Intensify 10

[[] Storm Frequency AddEwentz 10 Month: Mar Apr Map

[] Temperature Add 2

[] Temp Cool Seazon Add 2 Month: Jan Feb kar &pr Mow Dec
[] Temp Warm Seazon Add 4 Month: May Jun Jul Aug Sep Oct
™| Partial Termp Add 3w ater rear: 1336
[ Synthetic Temp Add from 0 ta 3 step 1

[ Synthetic Precip Multiply from 1 to 1.3 step 0.1

Start | Toatal iterationz zelected = 1 [0:03)

4. At the bottom of the CAT form, a label indicates the number of model runs (or
iterations) that will be performed. For each climate scenario shown here, only one
model run will be made. When a synthetic climate scenario (see the tutorial in Section
3.1.4) is used, a series of model runs is made to represent the iterations of the synthetic
scenario. If multiple synthetic scenarios are used, a model run is made for each unique
combination of adjustments defined by the scenarios. For example, a synthetic
temperature scenario with four iterations combined with a synthetic temperature scenario

with three iterations would result in twelve model runs.

3.1.4 Create Synthetic Climate Change Scenarios

To begin this tutorial, the Climate Assessment Tool form should be displayed with the
“\Basins\Data\Climate\base.uci” file as the Base Scenario, “Modified” as the New Scenario,
and the “\Basins\Data\Climate\base.wdm?” file added to the BASINS project. These
specifications are performed in the BASINS-CAT Setup tutorial in Section 3.0, which must be

run prior to this tutorial.
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CAT facilitates the creation of synthetic climate change scenarios by allowing for the
specification of an iterative set of modifications to historical data. For background on how this
feature may be used to represent climate change scenarios, see Section 2.3.1.4.

This tutorial will show how a series of multipliers may be applied to an entire historical
precipitation data record to create synthetic climate change scenarios. The final result of the
tutorial will be two synthetic scenarios - one that incrementally increases temperature values and
one that incrementally increases precipitation values.

1. To begin creating the synthetic temperature scenario, click the Add button and the
Modify Existing Data form will be displayed. This form contains the controls needed to
define a climate adjustment, including an identification label, the dataset(s) to be
modified, and how the data are to be modified. The Modification Name field is used to
provide a text label for identifying the scenario being created. Begin defining this
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scenario by entering ‘Synthetic Temp’ in the Modification Name field.

i_ Modify Existing Data

Modification Mame: ISynthetic Temp

Exizting Diata to kadify: |<|:Ii|:k to zpecify data o rmodify: i |
Compute PET: |<|:Ii|:k to zpecify PET ta replace: Wig |
Haw ta b adify: IMuItipI_l,l Esisting Y alues by a Nurmber j

—Mumber ta multiply existing data by
{* Single Change ¢ lterate Changes

Walue |1 A multiplication factar

—Ewvents

[ “aw precipitation only in the following Events

—Seazonz

[ % only in zelected

Ok, | Canizel

4

2. To select the air temperature data to modify, click in the Existing Data to Modify box
and the Select data to vary form will be displayed. A detailed description of this form is
found in steps 2 and 3 of the tutorial in Section 3.1.2.1. In the first column, under the
Scenario label, click on the OBSERVED item and all data sets with a Scenario attribute
of OBSERVED will be added to the Matching Data list. In looking at the last column of
the Matching Data list, note the data set with the Constituent name AIRTMP (air
temperature). Click on this data set and it will be added to the Selected Data list. Click
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the Ok button to close the form.

i_ Select data to vary M=l E3

File Atkributes Select  Help

—Select Attribute Y alues ta Filker Available Data

IScenariD j IL::u:atiu:un j IEnnstituent j
OBSERVED 01594525 il AGWET i’
PT-0OBS BELTSWIL AW
SCEM [:101 AGWD
baze LALREL ARWS
P11 Ll AIRT Ll
Fdnn AETh N
katching Data [27 of 22158]
OBSERVED 01594526 FLOM |
QBSERVED LAUREL HFRECIF
QBSERVED IFMARLER HFRECIF I
QBSERVED BELTSWIL FET
OBSERVED BELTSVIL
QBSERVED WASH_MAT CLouD
QBSERVED WASH_MAT WD
QBSERVED WASH_MAT DEWPFT LI

—Selected Data [1 of 2215]
QESERVED BELTSVIL AIRTHP

| Ok I Cancel

3. The Modify Existing Data form has now been updated with a description of the selected
data set in the Existing Data to Modify box. When modifying temperature it is
necessary to also re-compute the Potential Evapotranspiration (PET) using the modified
temperature data. Click in the Compute PET box to specify which PET data to re-
compute.
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:_ Modify Existing Data

b odification Marme: ISynthetic Temp

Existing D'ata to Modify: IDBSEH"JED BELTSWIL AIRTMP # 122

Compute PET: |<|:Ii|:k to specify PET to replaces

_View |

i

Huaw ta b odify: Ir--*lultiplj,I E wizting % alues by a Mumber

=~

— Murmber to multiply existing data by
' Single Change € lterate Changes

W alue I'I A multiplication factor

—Ewents

[ %any precipitation only in the following E vents

—Seazonz

[ “aw only in selected

Ok

Cancel

4
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In the Select data to vary form, again click on the OBSERVED item in the Scenario
column and then click the OBSERVED BELTSVIL PET data set from the Matching
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Data list. Click the Ok button to close the Select data to vary form.

—Select Attribute Y alues ta Filker Available Data

:_ Select PET to replace with values computed from air temperature
File Atkributes Select  Help

Scenario j IL::u:atiu:un j IEnnstituent j
OBSERVED 01594525 il AGWET i’
PT-0OBS BELTSWIL AW
SCEM [:101 AGWD
baze LALREL ARWS
P11 Ll AIRT Ll
katching Data [27 of 22158]
OBSERVED 01594526 FLOM |
QBSERVED LAUREL HFRECIF
QBSERVED IFMARLER HFRECIF I
OBSERVED BELTSVIL
QBSERVED BELTSWIL AIRTHMP
QBSERVED WASH_MAT CLouD
QBSERVED WASH_MAT WD
QBSERVED WASH_MAT DEWPFT LI
—Selected Data [1 of 2215]
OBSERVED BELTSVIL FET

| Ok I Cancel

5. The Modify Existing Data form has been updated with a description of the selected data
set in the Compute PET box. The How to Modify box contains a list of methods for
modifying the data-set values. For this scenario, select the “Change Temperature”
option. In the Degrees to add to each existing temperature value frame, there are two
modification options: Single Change or Iterate Changes. The term ‘iterate’ as used
here refers to the automation of multiple runs. The Single Change option will result in
one adjustment applied to the temperature and PET data sets. The Iterate Changes
option will result in a series of adjustments to the temperature and PET data sets and is
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used to create “synthetic” climate change scenarios as defined in Section 2.3.1.4. Click
the Iterate Changes radio button and the form will be updated to allow entry of
Minimum and Maximum degree changes along with an Increment to apply over that
range. Enter a Minimum value of ‘0’, a Maximum value of ‘3’, and an Increment value
of *1’. This will create a synthetic scenario with four iterations, the first being identical to
the original data and the ensuing three having 1 additional degree added to historical
temperature data with PET data being computed from each. Click the Ok button to
complete the scenario definition process.

:_ Modify Existing Data

b odification Marme: ISynthetic Temp

Existing D'ata to Modify: IDBSEH"JED BELTSWIL AIRTMP #122 Wiew |
Compute PET: IEIBSEFW'ED BELTSYILPET #111 Wi |
Huaw ta b odify: IEhange Temperature j

—Degrees to add to each existing temperature value

" Single Change % lterate Changes

Minirmum IEI degrees
b airrar: |3 degrees

| nzrement; |1 Increaze thiz much each iteration from kinirmum

—Ewents

[ %any precipitation only in the following E vents

—Seazonz

[ “aw only in selected

k. Cancel
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1 6. The Climate Assessment Tool form is now updated to show the newly defined climate
scenario. To begin defining the synthetic precipitation scenario, click the Add button
3 again.

N

__ Climate Assessment Tool
File Edit ©ptions Help

Clirnate D ata |.-’-'-.ssessment Endpu:uintsl Fesults Table | Pivat Table

Baze Scenario IE:'xB.-'-‘-.SINS'\Data'&EIimate'&hase.uc:i

Mew Scenano IMDdified

Add Hemwel Edit | LT | F'repareu:ll _Vl;l

[w] Increaze Precip Multiply 1.2

[w] Seazonal Precip Multiply 1.2 Month: JunJul Aug

[w] Partial Precip Multiply 0.3 % ater Year. 1986

[w] Storm Intensity Flagh 10

[w] Storm Frequency AddEwentz 10 Month: Mar Apr Map

[w| Temperature Add 2

[w| Temp Cool Seazon Add 2 Month: Jan Feb kar &pr Mow Dec
[w| Temp Warm Seazon Add 4 Month: May Jun Jul Aug Sep Oct
[w] Partial Temp Add 3 Wwater Year 1986

[w] Synthetic Temp Add from 0 ta 3 step 1

Start | Toatal iterationz zelected = 4 [0:32]

7. From the Modify Existing Data form, enter *Synthetic Precip’ in the Modification
Name field. Next, click in the Existing Data to Modify box to select the precipitation
data set to be modified. As in step 2, from the Select data to vary form click the
OBSERVED item from the Scenario list. From the Matching Data list, click on the
data set with the attributes OBSERVED UPMARLBR HPRECIP and then click the
Ok. The Modify Existing Data form will be updated to show the selected precipitation
data set.

PO OWoo~NO O

el
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:_ Modify Existing Data

b odification Marme: ISynthetic Precip

Existing D'ata to Modify: IDBSEH"JED UPMARLER HPRECIP #1058 Wiew |
Compute PET: |<|:Ii|:k to specify PET to replaces Wiy |
Huaw ta b odify: Ir--*lultiplj,I E wizting % alues by a Mumber j

— Murmber to multiply existing data by
' Single Change € lterate Changes

W alue I'I A multiplication factor

—Ewents

[ %any precipitation only in the following E vents

—Seazonz

[ “aw only in selected

k. Cancel

4

8. For the synthetic precipitation scenario, select Multiply Existing Values by a Number
from the How to Modify list. As with the synthetic temperature scenario, click on the
Iterate Changes option in the Number to multiply existing data by frame. Enter a
Minimum value of ‘1.0°, a Maximum value of ‘1.3’, and an Increment value of ‘0.1".
This will create a synthetic scenario with four iterations, the first being identical to the
original data and the ensuing three having 1/10 additional volume added to the historical
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precipitation data. Click the Ok button to complete the scenario definition process.

Eo]

e

Modify Existing Data

Modification Mame: ISynthetic Frecip

Ewizting D'ata to bodify: |EIBSEFWED IPMARLER HPRECIF # 105 i |
Compute PET: |<|:Ii|:k to zpecify PET ta replace: Wig |

Haw ta b adify: IMuItipI_l,l Esisting Y alues by a Nurmber j

—Mumber ta multiply existing data by
" Single Change % lterate Changes

inimum |1 a multiplication factar
b airnian: |1 3 multiplication Factar
| nzrement; IEI.'I Increaze thiz much each teration fram kinimum

—Ewvents

[ “aw precipitation only in the following Events

—Seazonz

[ % only in zelected

Ok Cancel
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9. Click the Ok button to complete defining the synthetic precipitation scenario. The newly

defined scenario will be shown on the Climate Assessment Tool form.

:_ Climate Assessment Tool
File Edit Opkions Help

Climate D ata | Azzessment Endpoints I Fezults Table I Pivat Table I

=] E3

Baze Scenarnio IE:"aB.-'-‘-.SINSHData'\EIimate'\base.uu:i

Mew Scenario IMDdified

Add | F!emu:wel E dit | g | F'reparedl

o=

[w Increasze Precip Multiply 1.2

[w| Seazonal Precip Muliply 1.2 Month: JunJul Aug

[w] Partial Precip Multiply 0.8 ater Year 1936

[w] Starm [ntensity Intenzify 10

[w] Starmn Frequency AddEwvents 10 Month: kar Apr kay

[w| Temperature Add 2

[w| Temp Cool Seazon Add 2 Month: Jan Feb kar &pr Moy Dec
[w] Temp *arm Seazon 4dd 4 Month: May Jun Jul Aug Sep Oct
[w| Partial Temp Add 3 ater Year: 1986

[w] Synthetic Temp Add from 0to 3 step 1

[w] Swnthetic Precip Multiply from 1 ta 1.3 step 0.1

Start Total iteratiohz zelected = 16 [2:07]

10. To complete this session, save the state of CAT, using the File:Save Climate and

Endpoints menu option, if desired.

Exporting Climate Change Scenarios as ASCII Text Files

This tutorial requires the development of at least one climate adjustment. This can be either a

precipitation (Sections 3.1.1.1 - 3.1.1.5) or temperature (Sections 3.1.2.1 - 3.1.2.3) adjustment (or

both). This tutorial uses a specific adjustment as an example, but the exporting feature shown

here can be applied to any defined adjustment.

This tutorial will demonstrate how climate adjustments defined in CAT can be exported to a file
for use elsewhere. Individual adjustments to a historical record may be viewed and saved from
the Climate Data tab. That feature is demonstrated in this tutorial. If multiple adjustments are
applied to the same data record, the resulting data set incorporating all of the adjustments is not

available for viewing and saving until the model run has been made. Accessing this type of

modified data is shown in Section 3.4.4 Additional BASINS Tools.
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Begin this tutorial by selecting one of the climate adjustments shown on the Climate Data tab.

i_ Climate Assessment Tool =] E3

File Edit Options Help

Clirnate Data |.-’-'-.ssessment Endpu:uintsl Fesultz Tal:ulel Fivat Tablel

Baze Scenarno IE:"sE.-'l'-.SINS'\DataHEIimate'xl:uase.uu:i

Mew Scenarnio IMl:udified

A&dd | Hemwel Edit | i | Frepared _vl_“l

™| ncreaze Precip Multiply 1.2

Start | Total terations selected = 1 [0:08]
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Next click the View button and a listing of the data set being modified will be displayed.

F - - -
~.. Timeseries Liskt
b

File Edit Miew Analysis Help

History 1

P ax

Mean

Mir

Sum

1955/12/31 05:00
195512431 10:00
195512431 11:00
195512431 1200
1955/12/31 12:00
1955412431 14:00
195512431 15:00
1955412431 16:00
195512431 17:00
195512431 18:00
1955/12/31 15:00
1955/12/431 20:00
195512431 21:00
1956512431 2200
195512431 22:00
195512431 24:00
1956,01/01 07:00
195601 /01 0200
1956,01/07 02:00
195601 /01 04:00
195601 /07 05:00

from baze. wdm
3072
00057734
1]
17733
1]

Lo T s IR s R s I s R e I s N e I s S e I s Y e Y e Y s A e N s I e Y s N s N o

=

From the Time series List form, select the File:Save menu option and a file dialogue form will
allow you to specify the file to which the listing is to be saved. The values will be saved in a tab-
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separated format as shown below.

!; Timeseries_List.txt - Notepad !IEI E
File Edit Format Miew Help

Timeseries List i’
History 1 from base. wdm

EER 3.072

Mean 0. 0057794

M 0

SLUm 1,773.3

195512731 09:00
1955,/12/31 10:00
1955,12/31 11:00
1955,12/31 12:00
1955,12 /21 13:00
1955,/12/31 14 :00
1955,12/31 15:00
1955,/12/21 16:00
1955,12/31 17:00
1955,/12/31 18:00
1955,12/31 19:00
1955,/12/31 20:00
1955,/12 /31 21:00
195512731 22:00
1955,12/31 23:00
1955,/12/21 24:00
1956,/01/01 01200
1956,/01/01 02:00
1956,/01/01 03:00
1956,/01/01 04100
1956,/01/01 05200
1956,/01/01 06200
1956,/01/01 07:00
1956,/01/01 08:00
1956,/01/01 09:00
1956,/01/01 10:00
1956,/01/01 11:00
1956,/01/01 12 :00
1956,/01/01 13:00
1956,/01/01 14 :00

k| 2

Ll o e e e e e e e e e

To end this session, close the Time series List form.
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3.2 Tools for Assessing Environmental Endpoints

BASINS CAT provides a post-processing capability to calculate hydrologic and water quality
endpoints from HSPF output time series. As described in Chapter 2, endpoints may range from
simple (e.g. mean streamflow, annual sediment load) to complex (e.g. n-day frequency flow
values).

The tutorials in this section illustrate how to:
e Select endpoints to be calculated from HSPF output time series
e Specify value ranges of concern

e Specify time periods of concern

3.2.1 Endpoint Options

To begin this tutorial, the Climate Assessment Tool form should be displayed with the
“\Basins\Data\Climate\base.uci” file as the Base Scenario, “Modified” as the New Scenario,
and the “\Basins\Data\Climate\base.wdm?” file added to the BASINS project. These
specifications are performed in the BASINS-CAT Setup tutorial in Section 3.0, which must be
run prior to this tutorial.

After defining and selecting the input climate modifications to be used, the next phase of a CAT
analysis is the definition of assessment endpoints. This tutorial will demonstrate the basic
functionality of assessment endpoint specification. The final result of this tutorial will be the
definition of two assessment endpoints: one for flow and one for total nitrogen loading.

1. The defining of endpoints is performed through the Assessment Endpoints tab on the
CAT form. After clicking on this tab, begin defining a new endpoint by clicking on the
Add button. The form contains the controls needed to define an assessment endpoint,
including the endpoint name, the dataset to be analyzed, and the attribute of the dataset to
be reported. The Endpoint Name field is used to provide a text label for identifying the
assessment endpoint being created. Begin defining this endpoint by entering ‘Flow’ in
the Endpoint Name field.
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# _Endpoint I -0 x|

Endpoint M ame: IFI::uw

[rata zet: |<-:Ii|:k to zelect datax

Attribute: |Mean j

—Highlight *falues

Default Calar: I'W'hite

Firirnum W alue: |<n|:|ne>

Color Lower Y alues:

b aimnurm Y alue: I LNones

—Seamonz

[T Onlyinclude values in selected

Ol Cancel

4

2. Begin defining the data for the endpoint by clicking in the Data set box and the Select
data for endpoint form will be displayed. A detailed description of this form is found in
steps 2 and 3 of the tutorial in Section 3.1.2.1. In the first column, under the Scenario
label, click on the SCEN item and all data sets with a Scenario attribute of SCEN will be
added to the Matching Data list. In looking at the last column of the Matching Data
list, note the data set with the Constituent name FLOW. Click on this data set and it
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will be added to the Selected Data list. Click the Ok button to close the form.

3.0 Tutorials

i_ Select data for endpoint -0l |
File atkributes Select  Help
—Select Attribute Y alues ta Filker Available Data
Seenario ;! IL::u:atiu:un j IEnnstituent j
DBSERVED 01594526 il AGWET ﬂ
FT-0OEBS BELTSYIL AGWI
[-101 AGWD
baze LAREL AGWS
F:1m J AIRT _I
katching Diata [4 of 2215]
SCEM RCHE TOTAL-M
SCEM RCHE SSED
SCEM RCHE TH-LOAD

—Selected Data [1 of 2215]

SCEM RCHS

FLOW

| Ok I Cancel

3. The Endpoint form has now been updated with a description of the selected Flow data in

the Data set box. The Attribute pull-down list contains the attributes available for
selection as assessment endpoints. CAT provides a wide array of attributes, from
standard statistics (e.g. mean, sum, standard deviation) to duration-frequency statistics
(e.g. 7Q10, 100-year flood). For this example, we will specify an endpoint focused on
high flow, so select the 1Hi100 (i.e. 1-day Hi value occurring every 100 years or 100

year flood) item from the list.
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# _Endpoint -0 x|

Endpoint M ame: IFI::uw

[rata zet: |SEEN RCHS FLOW #1004
Attribute: |High100 -]

—Highlight *falues

Default Calar: I'W'hite

Firirnum W alue: |<n|:|ne>

b aimnurm Y alue: I LNones

—Seamonz

[T Onlyinclude values in selected

Ol Cancel

4

4. Click the Ok button to complete defining this endpoint. The Climate Assessment Tool

form will be updated to show the newly defined end point. Begin defining a second
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1 endpoint by clicking the Add button again.

i_ Climate Assessment Tool
File Edit ©Options Help

Climate Data Assessment Endpaints | Fesults Table | Pivat Table

[T Save &l Results
[ Show Progress of Each Fiun

&dd

Hemwel Edit | I:l:upyl

3.0 Tutorials

=101 x|

o] ] ] o]

[w| Flow THigh100

Start | Total terations selected = 16 [2:10]

OO W DN

5. Now we will define an assessment endpoint for total Nitrogen load. Begin by entering
“Total N” in the Endpoint Name field and then click in the Data set box to select the
appropriate data set. On the Select data for endpoint form, again click the SCEN item
in the Scenario list. From the Matching Data list, click on the data set with a
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constituent name of TN-LOAD. Click the Ok button to close the form.

:_3'_ Select data for endpoint

_ ol x|
File atkributes Select  Help
—Select Attribute Yalues to Filker Available Data
Seenario ;! IL::u:atiu:un j IEnnstituent j
OBSERVED (1594525 il AGWET ﬂ
FT-0BS BELTSWIL AGWI
SCEM [:101 AGwD
baze LALREL AGWS
P:101 _I AIRT _I
katching Diata [4 of 2215]
SCEM RCHA TOTAL-M
SCEM RCHE S5ED
SCEM RCHG FLOW
—Selected Data [1 of 2215]
SCEM RCHA TH-LOAD

| Ok I Cancel

6. The Endpoint form has now been updated with a description of the selected Flow data in

the Data set box. As opposed to the previous extreme event selected for the flow
endpoint, this endpoint will look to assess annual values. Thus in the Attribute list,
select the SumAnnual item, resulting in an endpoint that reports average annual loads of

total Nitrogen.
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...I - Endpoint

Endpoint M ame: ITu:utaI M
Diata zet: ISEEN RCHS TH-LOAD #1,003

Suttribuate; IS urndsnual j

—Highlight ‘falues

Default Calar: I'W'hite

FirirnLm W alue: |<n|:|ne>

b airnurm Y alue:; I <Nones

—Seamonz

[ Only include walues in selected

k. Cancel
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7. Click the Ok button to complete defining this endpoint. The Climate Assessment Tool
form now shows both endpoints defined in this session.

:_ Climate Assessment Tool
File Edit Opkions Help

Climate Data  Assessment Endpaints |F|esu|ts Table | Fivot Table

[T Save All Results
[ Show Progress of Each Flun

Add | F!emu:wel E dit Copy | Top | Al vl Eh:utt-:uml

[] Flows THigh100
[w] Total M Sumdnnual

Start | Total iteratiohz zelected = 16 [2:07]

8. To complete this session, save the state of CAT, using the File:Save Climate and
Endpoints menu option, if desired.

3.2.2 Specify Value Ranges of Concern

To begin this tutorial, the Climate Assessment Tool form should be displayed with the
“\Basins\Data\Climate\base.uci” file as the Base Scenario, “Modified” as the New Scenario,
and the “\Basins\Data\Climate\base.wdm” file added to the BASINS project. These
specifications are performed in the BASINS-CAT Setup tutorial in Section 3.0, which must be
run prior to this tutorial.

BASINS CAT provides a capability to specify ranges of concern for endpoint values. Critically
low and/or high values may be entered, along with indicator colors, during endpoint definition.
Endpoint values that fall outside of the specified critical range will then be highlighted in the
specified indicator color on the results display. This tutorial will demonstrate how to specify
value ranges of concern when selecting endpoints.
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1. The defining of endpoints is performed through the Assessment Endpoints tab on the
CAT form. After clicking on this tab, begin defining a new endpoint by clicking on the
Add button. The form contains the controls needed to define an assessment endpoint,
including the endpoint name, the data set to be analyzed, and the attribute of the dataset
to be reported. Details of how to define these elements are found in steps 1 through 3 of
the Endpoint Options tutorial in Section 3.2.1. Begin defining this endpoint by entering
‘Flow’ in the Endpoint Name field. Click in the Data set box to select the data set to be
analyzed. Select the data set with the attributes SCEN RCH5 FLOW from the Select
data for endpoints form. Leave the Attribute field as the default of Mean. The form
should now appear as below.

i_ Endpoint

Endpoint M ame: IFI:::w
Data zet: |SEEN RCHS FLOW # 1.004

L

Attribute: |Mean

—Highlight *#alues

Diefault Calar: |White

kirinnam W alue: |<n|:|ne>

b airnuim Y allie:; |<n|:|ne>

—Seazonz

™ Onlyinclude walues in selected

k. Cancel
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2. The highlight feature in CAT is provided as an aid to visually interpreting model output.
Specifications for this feature are found in the Highlight VValues frame. In this example,
we wish to highlight values falling outside of the range from 90 to 150 cfs. Type in ‘90’
for the Minimum Value and *150” for the Maximum Value. Results within the
specified range will be displayed in cells with the Default Color background. Results
below the Minimum Value will be displayed with the Color Lower Values background.
Results above the Maximum Value will be displayed with the Color Higher Values
background. Colors for all three ranges may be updated by clicking in the color fields.

:_ Endpoint

Endpoint M ame: |F|DW

Data ek ISEEN RCHE FLOW # 1,004

Le

Attribute; IMean

—Highlight ‘falues

Default Calar: I'W'hite

FirirnLm W alue: IEIEI

b airnurm Y alue:; I'I =0

—Seamonz

[ Only include walues in selected

k. Cancel
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3. Click the Ok to complete defining of this endpoint. The new created endpoint will be
displayed on the Climate Assessment Tool form.

:_ Climate Assessment Tool
File Edit Opkions Help

Climate Data  Aszessment Endpaints | Results Table | Fivot Table

[T Save All Results
[ Show Progress of Each Flun

Add F!emu:wel E dit | Copy | Top | Al vl Eh:utt-:uml

[w] Flaww THigh100
[w] Total M Sumdnnual
[w] Flow bMean fram 90 ka 150

Start | Total iteratiohz zelected = 16 [2:07]

3.2.3 Specify Time Periods of Concern (Seasonal and/or Partial Records)

To begin this tutorial, the Climate Assessment Tool form should be displayed with the
“\Basins\Data\Climate\base.uci” file as the Base Scenario, “Modified” as the New Scenario,
and the “\Basins\Data\Climate\base.wdm?” file added to the BASINS project. These
specifications are performed in the BASINS-CAT Setup tutorial in Section 3.0, which must be
run prior to this tutorial.

A specialized feature of CAT assessment endpoints is the ability to specify a subset of time for
computation of the endpoint values. This subset may be a select set of months for each year of
the model run or a selected year (or years) from the run. Endpoint values will then be computed
from only those time intervals that fall within the specified subset. This tutorial will demonstrate
how to specify date subsets when defining endpoints.

1. The defining of endpoints is performed through the Assessment Endpoints tab on the
CAT form. After clicking on this tab, begin defining a new endpoint by clicking on the
Add button. The form contains the controls needed to define an assessment endpoint,
including the endpoint name, the data set to be analyzed, and the attribute of the dataset
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to be reported. Details of how to define these elements are found in steps 1 through 3 of
the Endpoint Options tutorial in Section 3.2.1. Begin defining this endpoint by entering
‘Summer Flow’ in the Endpoint Name field. Click in the Data set box to select the data
set to be analyzed. Select the data set with the attributes SCEN RCH5 FLOW from the
Select data for endpoints form. This endpoint will look at minimum summer flow, so
select Min from the Attribute list. The form should now appear as below.

:_ Endpoint

Endpoint M ame: ISummer Flow

Drata zet: |SEEN RCHS FLOW # 1,004
Attribute: IMin j

—Highlight ‘falues

Default Calar: I'W'hite

FirirnLm W alue: |<n|:|ne>

b airnurm Y alue:; I <Nones

—Seamonz

[ Only include walues in selected

k. Cancel

4

2. The Seasons frame near the bottom of the form is used for specifying a time subset to be
used when computing the endpoint value. Begin defining this subset by clicking on the
Only include values in selected check box and two additional fields will be displayed.
The first field is a list of time subset options that includes Calendar Years, Months, and
Water Years. The second field will display a list of available time intervals based on the
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item selected in the first field. For example, selecting Water Years from the first field
will populate the second field with a list of available water years based on the period of
record of the data set. For this example, select the Months option and the second field
will be populated with the months of the year. Items in the second field may be selected
and deselected by clicking on them. Additionally, the buttons below the list may be used
to select All or None of the items. To report endpoint values during summer months,
select Jun, Jul, and Aug.

__ Endpoint

Endpoint M ame: IS urnmer Flow

Data zet: ISEEN RCHE FLOW #1.004
Auttribiite: IMiﬂ =]

—Highlight ‘/alue=

Default Colar: IWhite

birimuim 4 alue; |<n|:|ne>

Coor LoverVaes: [DESEBGBRETT

b i % alue: |<n|:|ne>

STe——

—Seazonz

¥ Only include values in selected  [Months j

All MNone |

Ok | Canizel
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3. Click the Ok to complete defining of this endpoint. The newly created endpoint will be
displayed on the Climate Assessment Tool form.

:_ Climate Assessment Tool M=]

File Edit Opkions Help

Climate Data Assessment Endpoints | Riesuls Table | Pivot Tabie |

[T Save All Results
[ Show Progress of Each Flun

Add F!emu:wel E dit | Copy | Top | Al vl Eh:utt-:uml

[w] Flaww THigh100

[w] Total M Sumdnnual

[w] Flow bMean fram 90 ka 150

[w] Surnmer Flow Min kMontkh: Jun Jul Aug

Start | Total iteratiohz zelected = 16 [2:07]
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3.3 Running an HSPF Simulation Using BASINS CAT

To begin this tutorial, at least one climate scenario and one environmental endpoint must be
defined. Climate change scenarios are defined by selecting any number of climate adjustments
developed in the tutorials under Section 3.1. Environmental endpoints are defined in the tutorials
under Section 3.2.

This tutorial will show how to run a climate assessment using a climate scenario and
environmental endpoints. Although this tutorial references climate adjustments and
environmental endpoints defined in specific tutorials, it is possible to perform this tutorial using
other adjustments and endpoints.

1. The first step in performing an assessment is to define the climate scenario(s) to be run by
the model. The tutorial in Section 3.1.3 provides examples of this task. Using that
tutorial’s first scenario as an example, go to the Climate Data tab and select the two
climate adjustments shown below to build a climate scenario for this assessment. (Note:
If you did not perform the tutorials that developed these climate adjustments, you may
select other adjustments to build a different climate scenario and continue with this

exercise.)
i_ Climate Assessment Tool =]

File Edit Options Help

Climate: [ata |.ﬂ.ssessment Endpu:uintsl Fiesults Tal:ulel Pivat Tablel

Baze Scenarno II::"sE.-'l‘-.SINS'\DataHEIimateHbase.uu:i

Mew Scenano IM::u:Iifieu:I

Add Remove E dit Wigw Prepared " -

[w] Increase Precip Multiply 1.2

[ Seazonal Precip Multiply 1.2 kMonth: JunJul Aug

[ Partial Precip kultiply 0.8 ater Year: 1336

[ Starm [ntensity Intengify 10

[ Storm Frequency AddEvents 10 Month: Mar Apr May
™| Temperature Add 2
[[] Temp Cool Seazon ddd 2 Month: Jan Feb Mar Apr How Dec
[] Temp Warm Seazan Add 4 Maonth: May Jun Jul Aug Sep Oct
[ Partial Temp Add 3w ater Year 1986

[ Swnthetic Temp Add from 0 ta 3 step 1

[ Swnthetic Precip Multiply from 1 t01.3 step 0.1

Start | Total terations selected = 1 [0:08]
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2. The next step in performing an assessment is selecting environmental endpoints of
interest. Any number of endpoints may be selected for output from the model run(s). For
this example, go to the Assessment Endpoints tab and select the endpoints shown below.
(Note: If you did not perform the tutorials that developed these endpoints, you may select
other endpoints and continue with this exercise.)

i_ Climate Assessment Tool =] E3
File Edit Options Help

Climate Data | Assessment Endpaints | Results Table | Pivot Table |

[T Save &l Results
[~ Show Progress of Each Fiun

A&dd | Hemwel Edit | I:l:upyl Tnpljj Bl:utt-:uml

[ Flows THigh100

[w] Taotal M Surménnual

™| Flove tean from 30 ko 150
[ Summer Flow Min Month; Jun Jul Aug

Start | Total terations selected = 1 [0:08]

3. Before model execution, two additional options on the Assessment Endpoints tab may
be set: Save All Results and Show Progress of Each Run. The Save All Results check
box is used to set whether or not all model output is saved, not just the assessment
endpoint values. Checking this box will save a new set of output results in the same
manner as the original output. The text from the New Scenario field on the Climate
Data tab will be used as the base file name for the new output files. When saving results
from synthetic scenarios, this base name will also have model run number added to it (i.e.
“modified-1”, “modified-2”, etc.). The Show Progress of Each Run check box is used
to set whether or not a status monitor will be displayed while the model is running. If a
model run is particularly long, or a series of model runs are being made using synthetic
data, checking this box can be useful to see the progress of the model run(s). For this
example, leave these two boxes unchecked. Click the Start button to make the model
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run and see the endpoint results.
i_ Climate Assessment Tool
File Edit Options Help

Clirnate Datal Agzessment Endpoints Fesults Table | Pivok Tablel

RBun Increase Precip Temperature  Flow Tatal M
ke Laltiply Add THigh100 Suménnual
Current W alue Current Walue SCEM RCHS FLOW  SCEM RCHS TH-LOAD

1 1.2 2 40335 404,910

3.0 Tutorials

IS =] E3

Fla
tean
SCEM RCHS FLOW

1278

Start | Finizhed with 1 runs
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3.4 Tools for Summarizing and Visualizing Results

As a component of the BASINS system, BASINS CAT has a variety of output capabilities useful
for summarizing and visualizing the results of HSPF simulations. The CAT interface provides
standard tabular (results table) and pivot table options. Additional graphics and data listings are
also available from within the BASINS system.

The tutorials in this section illustrate the following output capabilities:
e Results Tables - CAT’s tabular output of assessment endpoint values
e Pivot Tables - CAT’s pivot table output of assessment endpoint values

e Exporting Results - output of assessment endpoint values to files in a format that can be
analyzed or visualized using external software

e Additional BASINS Tools - analysis and display features available in BASINS

3.4.1 Results Tables

To begin this tutorial, at least one climate scenario and one environmental endpoint must be
defined. Climate change scenarios are defined by selecting any number of climate adjustments
developed in the tutorials under Section 3.1. Environmental endpoints are defined in the tutorials
under Section 3.2.

This tutorial will demonstrate CAT’s standard tabular output capabilities by running an
assessment. Although this tutorial references climate adjustments and environmental endpoints
developed in specific tutorials, it is possible perform this tutorial using other adjustments and
endpoints.

1. Begin this example by defining a climate scenario. Following the second example from
the tutorial in Section 3.1.3, go to the Climate Data tab and select the climate
adjustments shown below. (Note: If you did not perform the tutorials that developed
these climate adjustments, you may select other adjustments to build a different climate
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1 scenario and continue with this exercise.)
i_ Climate Assessment Tool
File Edit Options Help

Clirnate Data |.-’-'-.ssessment Endpu:uintsl Fesultz Tal:ulel Fivat Tablel

3.0 Tutorials

IS [=] E3

Baze Scenarno IE:"sE.-'l'-.SINS'\DataHEIimate'xl:uase.uu:i

Mew Scenarnio IMl:udified

A&dd | Hemwel Edit | i | Frepared

[] Increaze Precip Multiply 1.2

[ Seazonal Precip Multiply 1.2 Month: JunJul Aug

[w] Partial Precip Multiply 0.8 ater Year 1336

[ Storm Intensgity Intensify 10

[] Storm Frequency AddEvents 10 Month: Mar Apr bay

[ Temperature Add 2

[] Temp Caoaol Seazon Add 2 Month: Jan Feb kar Apr Maw Dec
[] Temp “Warm Seazon Add 4 Month: May Jun Jul Aug Sep Oct
™| Partial Termp Add 3w ater rear: 1336
[ Swathetic Temp Add from 0 ta 3 step 1

[ Synthetic Precip Multiply from 1 to1.3 step 0.1

Start | Total terations selected = 1 [0:08]

Oabrw DN

2. Now select the environmental endpoints of interest for this assessment. For this example,
go to the Assessment Endpoints tab and select the endpoints shown below. (Note: If
you did not perform the tutorials that developed these endpoints, you may select other
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endpoints and continue with this exercise.)
i_ Climate Assessment Tool =] E3
File Edit Options Help

Climate Data Assessment Endpaints | Results Table | Pivat Table |

[T Save &l Results
[~ Show Progress of Each Fiun

A&dd | Hemwel Edit | I:l:upyl Tnpljj Bl:utt-:uml

[] Flows THigh100
[w] Taotal M Surménnual
[w] Flow bMean from 30 o 150

Summer Flow Min Maonth: Jurn Jul &ug

Start | Total terations selected = 1 [0:08]

3. To execute the model run for this assessment, click the Start button at the bottom of the
form. When the model has completed, CAT will report the resulting endpoint values on
the Results Table tab. The CAT form may be resized to show all resulting values at the

same time. Note that for this assessment, the average flow value falls below the
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minimum value of concern specified for that endpoint.
i_ Climate Assessment Tool =] E3
File Edit Options Help

Clirnate Datal Agzessment Endpoints Fesults Table | Pivok Tablel

Run Partial Precip Parhial Temp Total M Floa Surmmer Flov
ke Laltiply Add Suménnual tean kir
Current ¥ alue Current Value SCEM RCHE TH-LOAD  SCEM RCHE FLOW  SCEM RCHS FLOMW
Wiaterrear [1986 ]  ‘whaterv'ear [1986 ] tanth [Jun Jul Aug |

1 na 3 289,260 81142 10,109

| | ©

Start | Finizhed with 1 runs

4. Output tables in CAT may also be saved to an external file for use outside of the
program. Choose the Save Results item from the File menu and a dialogue form will
prompt for the file name in which the results are to be saved. Results are saved in a tab-
delimited format, suitable for import into Excel and other analysis programs.

3.4.2 Pivot Tables

A pivot table is a data visualization and mining tool that allows users to reorganize selected
columns and rows of data within a database. The term pivot refers to turning the data to view it
from different perspectives. Pivot tables are especially useful for summarizing large amounts of
data in a compact format, looking for patterns and relationships within a dataset, and organizing
data into a format suitable for plotting data as a chart.

To perform this tutorial, the tutorial in Section 3.1.4 must have been run to create synthetic
climate change scenarios for precipitation and temperature. Additionally at least one
environmental endpoint must be defined. Environmental endpoints are defined in the tutorials
under Section 3.2.
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This tutorial will demonstrate CAT’s pivot table output capabilities by running an assessment.
The pivot table feature provides flexibility in displaying multiple sets of results produced when
running synthetic climate change scenarios.

1. Begin this example by defining a climate scenario. On the Climate Data tab select the
two synthetic climate change scenarios developed in Section 3.1.4, as shown below.
Note that since each synthetic scenario has four iterations, a total of 16 model runs will
be made, one for each unique precipitation and temperature value.

¥ _Climate Assessment Tool =]

File Edit ©ptions Help

Clirnate D ata |.-’-'-.ssessment Endpu:uintsl Fesults Tal:ulel Fisat Tablel

Baze Scenario IE:'xB.-'-‘-.SINS'\Data'&EIimate'&hase.uc:i

Mew Scenano IMDdified

Add | Hemwel Edit | LT | F'repareu:ll _Vl;l

[] Increasze Precip Multiply 1.2

[ Seazonal Precip Multiply 1.2 Month: JunJul Aug

[7] Partial Precip Multiply 0.8 % ater Year. 1986

[7] Storm Intengity Intensify 10

[[] Storm Frequency AddEwentz 10 Month: Mar Apr Map

[] Temperature Add 2

[] Temp Cool Seazon Add 2 Month: Jan Feb kar &pr Mow Dec
[] Temp Warm Seazon Add 4 Month: May Jun Jul Aug Sep Oct
[ Partial Temp Add 3 water Year 1986

[w] Synthetic Temp Add from 0 ta 3 step 1

Synthetic Precip Multiply from 1 to 1.3 step 0.1

Start | Toatal iteratiohz zelected = 16 [2:21]

2. Now select the environmental endpoints of interest for this assessment. For this example,
go to the Assessment Endpoints tab and select the endpoints shown below. (Note: If
you did not perform the tutorials that developed these endpoints, you may select other
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endpoints and continue with this exercise.)

i_ Climate Assessment Tool
File Edit Options Help

Climate Data Assessment Endpaints | Results Table | Pivat Table

[T Save &l Results
¥ Show Progress of Each Fiun

A&dd | Hemwel Edit | I:l:upyl Tnpljj Bl:utt-:uml

[ Flows THigh100

[w] Taotal M Surménnual

™| Flove tean from 30 ko 150
[ Summer Flow Min Month; Jun Jul Aug

Start | Total terations selected = 16 [2:21]

3. Since this assessment will involved 16 model runs, it is advisable to “check on” the Show
Progress of Each Run option. To execute the model run for this assessment, click the
Start button at the bottom of the form. When the model has completed, CAT will report
the resulting endpoint values on the Results Table tab. Now click on the Pivot Table
tab to explore additional CAT output features. The first two fields of this form are used
to specify what element to vary in the Rows and Columns of the pivot table. For this
exercise, select Synthetic Temp Add Current Value and Synthetic Precip Add
Current Value for the Rows and Columns field values. The Cells field is used to
specify what element will be displayed in the pivot table’s cells. Select Flow Mean
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SCEN RCH5 FLOW for this field and the resulting pivot table will appear as follows.

2 =
- Climate Assessment Tool

File Edit Options Help

Clirnate Datal Azzezsment Endpu:uintsl Fesults Table =~ Pivot Table I

Fows ISynthetic Temp Add Curent Value]

Columns ISynthetic Frecip Multiply Current 'alue

Cellz IFIu:uw Mean SCEM RCHS FLOW

1 1.1
] 95307 114.23
1 92751 111.44
2 90238 108.69

1.2
13375
130.79
127.8
124.85

147.47
144.33

II L L L

Start | Fimzhed with 16 runs

4. Note that some of the flow values fall below or above the minimum and maximum values

of concern that were specified when defining this endpoint. As desired, familiarize

yourself with the pivot table’s capabilities by changing the selections in the 3 fields above

the table.

3.4.3 Exporting Results for Use With External Software

To perform this tutorial, it is necessary to complete the previous Pivot Tables tutorial in Section
3.4.2. This tutorial continues the assessment performed in the previous section where synthetic

temperature and precipitation scenarios were run and a pivot table of the results was created.

This tutorial will demonstrate how results from CAT can be exported for analysis or data

visualization using external software.
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1. This tutorial begins with the final step of the previous tutorial, which should be the

display of a pivot table on the CAT form.
:_ Climate Assessment Tool
File Edit Opkions Help

Climate Datal Azzezzment Enu:lpu:uintsl Fesults Table =~ Fivat Table I

=] E3

F IS_I,Inthetic Temp Add Curent Y aluel

Columinz ISynthetic Precip Multiply Current Value

Cellz IFIu:uw Mean SCEM RCHE FLOW

1 1.1
] 95307 114.23
1 92751 111.44
2 90.238 108.69

1.2
13375
130.79
127.8
124.85

14747
144.33

II Led Led Lol

Start | Finizhed with 16 runs

2. Output results from both the Results Table and the Pivot Tables may be saved to an
external file. Use the File menu to access options for saving either table. A file dialogue
will then prompt for the name of the output file. The results will be saved in a tab-

139




External Review Draft — Please Do Not Cite

delimited format, which are readily imported into Excel and other analysis packages.

i_ Climate Assessment Tool
|File Edit Options Help
Open UCT File
Load limate and Endpaints
Save Climate and Endpoints

Load Results

Save Results

1] 95.307
1 92751
2 90238
3

ksl Results Table Fivot Table I

IS =] E3

Add Current Y alue

Fultiply Current Y alue

M RCHS FLOW

1.1

114.23
111.44
10269

1.2
13375
130,79
127.8
124.85

II Led Led Led

147.47
144,33

Start | Finighed with 16 runs
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1 3. In the same manner, results from both tables may also be copied to the clipboard. The
2 results may then be directly pasted into an external program.

:_ Climate Assessment Tool
File | Edit Options Help
Clim __“0py Results Enu:lpu:uintsl Fesults Table =~ Fivat Table I

Copy Pivak

=] E3

Paste Results i Temp Add Current Y alue

Colurmnz | 5vnthetic Precip Multiply Curent Walue

Cellz IFIu:uw Mean SCEM RCHE FLOW

1 1.1

1] 95,307 114.23
1 92751 111.44
2 90,238 108.69

1.2
13375
130,79
127.8
124.85

II Led Led Lo

147.47
144,33

Start | Finizhed with 16 runs

3.4.4 Additional BASINS Tools

o (o] bk~ w

Using either of the above exporting capabilities, results from HSPF simulations conducted using
BASINS CAT can be exported for analysis and/or visualization using any external software.

9  To begin this tutorial, at least one climate scenario and one environmental endpoint must be
10 defined. Climate change scenarios are defined by selecting any number of climate adjustments
11  developed in the tutorials under Section 3.1. Environmental endpoints are defined in the tutorials

12  under Section 3.2.

141




0o N O O1 A OwLODN P

10
11
12
13
14

External Review Draft — Please Do Not Cite

This tutorial will demonstrate how to access additional output and analysis capabilities in
BASINS that can aid in an assessment. Although this tutorial references climate adjustments and
environmental endpoints developed in specific tutorials, it is possible perform this tutorial using
other adjustments and endpoints.

1. Begin this example by defining a climate scenario. For this example a simple scenario of
intensifying precipitation will be used as shown below. (Note: If you did not perform the
tutorial that developed this climate adjustment, you may select another adjustment to
build a different climate scenario and continue with this exercise.)

:_ Climate Assessment Tool =]

File Edit Options Help

Climnate [ ata |.-’-'-.ssessment Endpn:nintsl Fesults Tal:nlel Pivat TaI:nIeI

Baze Scenarnio IE:HB.-'-‘-.SINS"'.Data"uEIimate'xbase.uu:i

Mew Scenario IMDdified

Add | Fiemu:wel E dit | i | F'reparedl _VI_AI

[[] Increasze Precip Multiple 1.2
[] Seazonal Precip Multiply 1.2 Maonth: JunJul Aug
[] Partial Precip kultiply 0.8 ater Y'ear 1936
Starmn Intenzity Intensify 10
[ Starmn Frequency AddEwventz 10 Month: bar Apr kay
[] Temperature Add 2
[ Temp Cool Seazon ddd 2 Month: Jan Feb Mar &pr Mo Dec
[ Temp "arm Seazon Add 4 Month: kMay Jun Jul Aug Sep Oct
[[] Partial Temp Add 3 W ater Year: 1986
[T Swnthetic Termp Add fram 0 ta 3 step 1
[ Swnthetic Precip Multiply from 1 to 1.3 step 0.1

Start | Total iterationz zelected = 1 [0:08]

2. Now select the environmental endpoints of interest for this assessment. This example
will focus on total nitrogen loads, so go to the Assessment Endpoints tab and select the
endpoints shown below. (Note: If you did not perform the tutorials that developed these
endpoints, you may select other endpoints and continue with this exercise.) This exercise
will demonstrate further analysis capabilities within BASINS, so be sure the “Save All

142



oo ~NooThkw N

3.0 Tutorials

Results” option is on.
i_ Climate Assessment Tool =] E3
File Edit Options Help

Climate Data Assessment Endpaints | Results Table | Pivat Table |

v Save &l Results
[~ Show Progress of Each Fiun

A&dd | Hemwel Edit | I:l:upyl Tnpljj Bl:utt-:uml

[] Flows THigh100

[w] Taotal M Surménnual

™| Flove tean from 30 ko 150
[ Summer Flow Min Month; Jun Jul Aug

Start | Total terations selected = 1 [0:08]

3. To execute the model run for this assessment, click the Start button at the bottom of the
form. When the model has completed, CAT will report the resulting endpoint values on
the Results Table tab. To begin using BASINS analysis tools, return to the main
BASINS form and select the Manage Data option from the File menu. The Data
Sources form shows the data sources that are currently open, these being the WDM and
binary output (hbn) file from the Base run. From here the results from the modified
climate scenario may be loaded into the current BASINS project. Begin this process by
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1 clicking the Open File button.
¥ _Data Sources M=l E3
Open File... | Mew File... | Cloge Selected | Display Selected |

<in mernony [0]
Timeseres :HSPF Binary Output C:ABASIMS WD atahClimatehbase hbn [2179)
Timeszeres: WwWDM C:ABASINSAD atahClimatehbase. wdm [42]

2
3 4. The Select a Data Source form displays the various data formats that BASINS can read.
4 Click on the WDM Time Series item and then click the Ok button.
= _Gelect a Data Source M=l
= File

- Basing Obzerved YW ater Quality DBF

- CliGen Qutput

- HSPF Binary Output

- |nteqrated Surface Hourly Data

- MO&8 Hourly Precip D ata, &rchive Format, TD-3240

- MO&S Summary of the Day, Archive Format, TD-3200

- ST Output DBF

B0 Time Senes

Ok Cancel

5
6 5. On the ensuing dialogue form, select the WDM file starting with ‘modified’, which
7 contains updated input and output from the climate scenario run during this exercise. The
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Data Sources form should now list this WDM file along with the “Base’ files.

i_ Data Sources !IEI E
Open File... Mew File... | Cloze Selected | Digplay Selected |

<in mernony [0]

Timeseres :HSPF Binary Output C:ABASIMS WD atahClimatehbase hbn [2179)
Timezeres WDM CANBASINSND ataClimatebaze. wdm [42

Timeszenes: WD CABASINGAD atahClimatett odified-1.baze wdm [42]

Timeszeriez: DM

C:ABASINS D atahClirmatehtodified-1.base wdm
42 Timeszenes

1,802 240 bytes

Modified 34272008 5:00:17 P

6. The Data Sources window may now be closed. The Analysis menu contains a variety of
features to aid in assessment. To view the daily Nitrogen loads, select the List option
from this menu and you will be prompted for the data sets to be listed. In the third
column, labeled Constituent, scroll down and select the TN-LOAD item. Two data sets
with the same Scenario, Location, and Constituent are available. To distinguish
between the two it is necessary to change the attribute listed in one of the three columns.
Go to the first column, labeled Scenario, and click the pull-down list at the top of the
column. Scroll up the list and select the Data Source attribute, which will show the file
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name of each data set.
i_ Select Data
File akkributes Seleck Help

C:ABASIMSAD ata'\Climate\hModified-+
C:ABASIMSAD ata'\Climatehbaze. hbn
C:ABASIMSAD ata'\Climate'basze. wdm

b atching Data [2 of 2263]
C:ABASIMSAD ata'\Climate\baze. wdm
C:ABASIMSAD ata'\Climatehbd odified-+

—Select Attribute Yalues to Filker Available Data

D ata Source - I Location

_ O] x]
j IEDnstituent j
01534526 =] 1Al =
BELTSVIL
1101 ToC
LALREL TOTAL-N
P01 TOTAL-P
Y |
P02 | T -
RCHS TH-LOAD
RCHS TH-LOAD

—Selected D ata

—Dates to Include
| I oot

Start none

End none

—
—

Ok

Cancel

7. Clicking the Ok will automatically select the two Matching data sets and generate the
listing of the data sets’ values. A variety of attributes are available for display at the top
of the listing. These are accessed through the File:Select Attributes menu option.
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Select this option and customize the listing as desired.

F - - -
~.. Timeseries Liskt
|

File Edit Miew Analvsis Help

Data Source CABASIMSYD ata\Climatehbaze wdm  C:ABASINSAD atahClimatehi odified-1. baze. vadm ﬂ
b am 11.020 11,504
Mean E25.49 713.03
Min 39019 43894
Sum B85 .540 a1 480
Sumannual 228,510 260,430
198510401 24:00 163.58 16358
198510402 24:00 849,26 1,006.4
198510403 24:00 11.020 11,504
198510404 24:00 267.79 2786
198510405 24:00 B04.84 B50.71
198510406 24:00 E79.62 72714
198510407 24:00 B01.42 E41.71
198510408 24:00 h22.34 B5E.87
198510409 24:00 2h9.36 276,52
198510410 24:00 118.9 127.79
198510411 24:00 94873 101.83
198510412 24:00 239,72 256,34
198510413 24:00 141,76 150,43
198510414 24:00 469,52 47614
198510415 24:00 390,83 3930
198510416 24:00 148,28 155,77
198510417 24:00 172,96 181.99
19851018 24:00 121.37 127.5
198510419 24:00 52 456 54,957
198510420 24:00 101.61 106.07 d

OO W N

8. The Analysis menu on the Time series List form contains many of the same analysis
functions as the main BASINS form. Select the Graph option from the Analysis menu
and the Choose Graphs to Create form is displayed. To see two examples of different
graphs, select the Time series and Running Sum graphs and then click the Generate
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button.

meseries Graph

File Edit Wiew Analysis Coordinates Help

12 T T

— Base
— Modified

SCEN TN-LOAD (10*3)
@

A IMM_MNMH Ilr VLA Lush L (L Dk LR | B .‘1

1985 1986 1987 1988
RCH5
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9. BASINS graphs may be manipulated in a variety of ways including resizing, zooming,
and customizing the various graph components.

:_ Running Sum Graph M=]
File Edit Wew Analysis (1986 May 11, 793,070) Help

g0o0 T T T

—— Base
— Madified

700 |
600
500
400 |

300 |

SCEN TN-LOAD (10*3)

200 |

100 |

1986 1987 1988
Running Sums at RCH5

10. Along with listing and graphing, BASINS contains many other time series analysis
features including duration-frequency computations, seasonal statistic computation,
generation of additional time series from existing time series, and creation of time series
of distinct events that are above or below a threshold.
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3.5 Using Scripts to Automate CAT Applications

This tutorial is run from the main BASINS form and requires no actual CAT interaction. The
purpose of this tutorial is to demonstrate how to run scripts from BASINS to perform CAT
functions. Scripts provide a way to automate repetitive tasks in CAT and also leave a track
record of how procedures were accomplished.

Begin this tutorial by leaving the CAT form and returning to the main BASINS form. Scripts
written in .Net programming languages such as VB.Net or C# may be accessed and run from the
BASINS interface. Select the Scripts... option from the Plug-ins menu and the MapWindow
Scripts form will be displayed.

“@-MapWindow Scripts [_To]x]

File  Execute  Online Scripk Directory  Help

DeE » <@

Language Clutput
’75 WEMet O CH ’75 Script " Plug-in
1 Imports MapWindow. Interfaces (5=
= Imports MapWinGIs
i) Imports 3ystew.Windows.Forms
4 Imports Microsoft.VisualBasic
5 Imports 3ystem
£
) 'Each-script -should- (bhut- -doesn't -have to)] -have -a-unigque- name.
=] Public Module MyExample =
=] Public Sub ScriptMain (ByRef m MapWin As IMapWin)
10 mapwinutility. logger.msg("This is a simple script to displ
11 mapwinutility. logger.mag | "Nwwbher of Layers: " & m MapWin.L
12 End Zub
13 End Module =
4 | Ll_l
Ready

This form provides an interface to open or save existing scripts or to start a new script using the
File menu or the icons below the menu bar. The Execute option allows for a script to be run or
for a script to be compiled as a plug-in for use in MapWindow/BASINS. Access to an online
repository of scripts is also provided through the Online Script Directory.

The code below shows a simple script that performs basic CAT functions. After a number of
declarations (“Const” and “Dim” statements), the WDM file is opened (variable “IOriginalData’)
and the data set to be modified is set (variable “lOriginalPrecip”). The climate variations for this
assessment are then specified (variable “I\Variation”), including the “Name”, the “Operation”
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type, the “Min” and “Max” value, and the “Increment”. In this case, there will only be one
variation, an increase of 10% (i.e. Multiply by 1.1) to the historical precipitation record. The
assessment is then run with a call to “modCAT.ScenarioRun” and the model output time series
are stored in the variable “IResults”. Lastly, the script simply reports the count of output time
series. The script could readily be expanded to extract more detailed information out of the
resulting time series.

“@-MapWindow Scripts H=] E3
File  Execute  Online Script Directory  Help
DCoR »<=@
Language Output
’75' WB.Net  C# ’75' Script  Plug-in
1 IImpDrt,s HapWindow. Interfaces 1E=
= Imports MapWinleility
3
E Imports atclUtility
5 Imports atchata
I3 Imports atcClimatelssessmentTool
7 Imports atcWDM
=]
=] Module ClimatelssesswentFromScript
10 Private Const pTestPath As 3tring = "D:%Basins‘data‘\Climate™
11 Private Const pBaseNawe As 3tring = "hase"
1z Private Const plcenName As String = "scriptDemo™
13
14 FPublic Sub ScriptMain(ByRef aMapWin is IMapWin)
15 Dim 1lResults As New atcCollection
16
17 ChDriveDir (pTestPath)
15
19 Dim l0riginallata Ls New atclataSourceWDM
20 loriginallata.Open (pEBaseName & . wdm'™)
21 Dim loriginalPrecip As atcTinmeseries = lOriginallata.Datalets.FindDbata("ID", "105™).Itcem(d)
2z
23 Dim 1lVariation As MNew atcVWariation =
24 With lVariation
25 Datalfets. Add (10riginalPrecip)
Z6 MHame = "idjust Precip™
27 .Computationource = New atcTimeseriesMath.atcTimeseriesHath
] .Operation = "Multiply"™
20 Min =-1.1
30 Max =-1.1
31 .Increment =-0.1
32 Dim 1ModifiedData As atcDataGroup = .3tartlterationi)
53 1Results = wodCAT.3cenarioRun (pBaseName £ ".uci", p3cenName,  lModifiedData, "", True, True, True)
54 Logger.Dhg("AllDone: " & lResults.Count)
35 End With
36 End- Sub
57 End Module
-
“fi | il
Ready

151






O©oo~NO Ol Ww N =

4.0 CAT User's Manual

4.0 CAT User’s Manual

The BASINS Climate Assessment Tool (CAT) provides a flexible set of capabilities for
representing and exploring climate change and its relationship to watershed science. Tools have
been integrated into the BASINS system allowing users to create climate change scenarios by
modifying historical weather data, and to use these data as the meteorological inputs to the
Hydrological Simulation Program - FORTRAN (HSPF) watershed model. A capability is also
provided to calculate specific hydrologic and water quality endpoints important to watershed
management based on HSPF model output (e.g. the 100-year flood or 7Q10 low flow event).
Finally, the CAT can be used to assess the outcomes of a single climate change scenario, or to
automate multiple HSPF runs to determine the sensitivity or general pattern of watershed
response to different types and amounts of climate change.

Users can modify historical climate data using standard arithmetic operators applied monthly,
seasonally or over any other increment of time. Increases or decreases in a climate variable
(precipitation, air temperature) can be applied uniformly, or they can be selectively imposed on
only those historical events that exceed (or fall below) a specified magnitude. This capability
allows changes to be imposed only on events within user-defined size classes, and can be used to
represent the projected effects of “intensification’ of the hydrologic cycle, whereby larger
precipitation events intensify, instead of events becoming more frequent. In addition, users are
able to create time series that contain more frequent precipitation events. These capabilities
provide users with an ability to represent and assess the impacts of a wide range of potential
future climatic conditions and events.

BASINS CAT does not provide climate change scenario data. Rather, the tool provides a
capability for quickly creating and running climate change scenarios within the BASINS system.
Diverse sources of information such as records of historical and paleo-extreme events, observed
trends, and projections based on global or regional scale climate models can be used to guide
scenario development. Data requirements will vary depending on assessment goals. BASINS
CAT provides capabilities to support a range of assessment goals, e.g. simple screening analysis,
systematic sensitivity analysis, or implementing more detailed scenarios based on climate model
projections. Other resources are available to support users with scenario development and
climate change impact assessment.

To activate CAT, first confirm that the Climate Assessment Tool is checked on the Plug-
ins:Analysis menu on the main BASINS window.
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Z_BASINS 4 - 02060006*
File Compute Analysis Models Edit View | Plug-ins | Watershed Delineation  GIS Tools  Help

Nl S $RPRRRQ-| i Edit Plug-ins
Scripts... - F

L 2002 Tiger MiscGround 0206/A¢ |4

Analysis 3 i

(] 2002 Tiger Railroad 0206000 A | ‘Y : . Cligen h
1] 2002 Tiger Road 02060008 A/ Archive Project Tool v | climate Assessment Tool | ¥
—1 MajorRoads s BASINS 4 V] Data Tree E
B[] Soil, Land Use/Cover CSV to Shapefile Converter [¥] Frequency Grid

—_| Ecoregions iLevel lll}
—1 Land UseIndex

—] Managed Area Database
1 State Soil

—H ] Land Use baltmd

—EH] Land Usewashdc
1 Land Use erlay

B[] Other Watershed Delineation rization Reports
——T1 trial

CE MO\ A s e

From the main BASINS window, CAT is opened by first clicking Analysis on the BASINS
menu bar, then Climate Assessment Tool on the submenu (or typing ALT-AC).

Zl GIS Tools Graph

Z‘ Manual Delineation List

[¥] Model Setup (HSPF/AQUATOX) Lookup Tables
[#] Pollutant Loading Estimator (PLOAD) Reclassify Land Use

Shapefile Editor Seasonal Attributes
Timeseries 3

m] | Juisi=is

Synoptic

<Ll <]
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Fle Compute
O=E S+

Legend

Analysis | Models  Edit  View  Plug-ins

WWatersk

Arciiew 3
Aresls

(3en=ch
WML

Climate Assessment Toaol

Preview Map

Data Tree

Frequency Grid

Graph

List

Seazonal Atributes

Synoptc

Watershed Characterization Reports
Reclassify Land Use

Frojection Parameters

STORET Agency Codes

Standard Industrial Classification Codes
Water Quality Criteria 2044

.

The main CAT window opens. It contains a menu bar, four tabs and the Start button.

155



©O© oo ~NO> g~ w N

el
(N )

[E=N
N

e e el
~No U~ w

=
(0]

External Review Draft — Please Do Not Cite

“ Climate Assessment Tool - O] x|
File Edit Options Help

Climate Data | Assessment Endpoints I Results Table I Fivot Table

Base Scenano I:u:li-:k to selects

New Scenaric  |Modfied

Add | Herm::ﬂ.rel Edit | "u"'le-.-.-'l Prepared Ll;l

Start

Menu Options

On the Climate Assessment Tool menu, the File menu option includes choices to Open a HSPF
UCI file, Load or Save Climate and Endpoints, Load or Save Results, or to Save Pivot
Table.

The Edit menu option includes choices to Copy Results, to copy the results table, or Copy
Pivot, to copy the pivot table. Both options allow this information to be pasted into another
document (such as Word or Excel). Finally, the Paste Results option allows the user to paste
old results (from another document) into CAT to view them in the table format, if desired.

Under the Options menu option, the user can choose whether only the data is copied, or whether
the data and table headings are copied.

Tabs

The Climate Data tab allows the user to create climate change scenarios by selecting existing
weather time series to be modified, and implementing one or more changes. The Assessment
Endpoints tab allows the user to specify the hydrologic and water quality endpoints to be
calculated from model output. The Results Table and Pivot Table tabs are for viewing model
output including hydrologic and water quality endpoints computed by the model.

Start Button
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At least one climate scenario and one assessment endpoint are necessary to run the Climate
Assessment Tool. After selecting all climate data and endpoints desired, press the Start button
at the bottom of the main CAT window. Further details on running CAT are provided in the
Running an Assessment section.

Total lterations Selected

Once the desired climate adjustments have been specified, the Total Iterations Selected shown
at the bottom of the window indicates the number of HSPF runs to complete the task. This
number can range from 1 when running a single scenario, to greater than 1 when automating
multiple runs using synthetic climate change scenarios to determine sensitivity to a range of
different climate adjustments.

The Climate Assessment Tool makes a separate HSPF run for each distinct combination of input
data specified by the user. After the model runs, model output endpoints for each run are
displayed so that the user may analyze the impacts of varying input data. Optionally, the user
may save the model output to an external file for further analysis.

A detailed tutorial is available for the Climate Assessment Tool.
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4.1 Climate Data

“ Climate Assessment Tool o))
File Edit Options Help

Climate Data | Assessment Endpaints I Results Table I Pivot Table

Baze Scenanio I:u:lin:l-: to select:

MNew Scenano II'-"I::u:I'rFieu:I

Add | Hemmrel Edit | ‘-J"lfwfl F’reparedl _vl;l

Start

The Climate Data tab is the main window for managing changes to input time series data (i.e.
weather data). Through this tab users are able to create climate change scenarios by selecting an
existing input time series to be modified, and implementing one or more changes to create a new
scenario(s).

The Base Scenario field contains the HSPF model User Control Input (UCI) file. When the
model is run, a modified UCI file will be created, using the name in the New Scenario field as
the base portion of the file name.

Add Button

Clicking the Add button on the Climate Data tab of the CAT form will display the Modify
Existing Data form. This form contains the controls needed to define a climate adjustment,
including an identification label, the dataset(s) to be modified, and how the data are to be

158



1

© coONOOT W N

e
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Modification Mame: IStu:urm Frequency

Exizting Data to Maodify: IDBSEFWED UPMARLER HPRECIF # 105 Wigw

Compute PET:

|<|:Ii|:k to zpecify PET ta replace:

_View |

Haw ta b adify:

I.-'l'-.dd.n"H emove Starm Ewents

-

—Fercent Change in Valurme

{* Single Change ¢ lterate Changes

Walle |1 1]

&

—Ewvents

¥ “aw precipitation only in the following Events

Hourly intensity abowve |0.1 inhr

Allow gaps up to n hoLrs

[1]]

Total duration abowve |0 hiars

Total volume above I} inches

—Seazonz

v “fam only in gelected IMDnths

an Jun Mo
Feh Jul Dec
ug
Sep
Ot

Al

Mone |

modified. The screen shown below exhibits all features of the form.

Eo]

Ok

Cancel

4

e Changing the temperature

4.0 CAT User's Manual

The Modification Name field is used to provide a text label for identifying the scenario being
created. The Existing Data to Modify field is used to select the historical data to which the
adjustment will be made. When modifying temperature data, the Compute PET field is used to
select the potential evapotranspiration data set that will be re-computed using the modified
temperature data as input to Hamon’s PET estimation method. The How to Modify field is a
pull-down list of options for how the data are to be adjusted. The options include:
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e Multiplying existing values by a number
e Adding/Removing storm events
e Adding/Removing volume in extreme events

Depending on the option selected, the frame below the How to Modify field is updated to input
the quantity of the change (e.g. +/- degrees, % change in precipitation depth). In this frame,
there are two modification options: Single Change or Iterate Changes. The term ‘iterate’ as
used here refers to the automation of multiple runs. The Single Change option will result in one
adjustment applied to the data set being modified. The Iterate Changes option will result in a
range of adjustments to the data set and is used to create “synthetic” climate change scenarios.
To create and run synthetic scenarios, users specify the desired type of change, the range of
values to be considered, and the step interval between successive trials. For example, a user can
specify an increase in average annual temperature from 0 to 3 degrees at a step interval of 1
degree (units dependent on original data set). CAT would then automate the creation and
processing of four input time series (i.e. reflecting average annual temperature increases of 0, 1,
2, and 3 degrees) for input as distinct model runs. When 2 or more sets of synthetic scenarios are
specified, CAT will systematically create scenarios and assess each possible combination of
specified values. For example, if the above temperature change were specified together with
changes in annual precipitation from 0 to 30 percent with a step interval of 10 percent (i.e.
changes of 0, 10, 20, and 30%), CAT would automate the creation and processing of 4 * 4 = 16
climate change scenarios reflecting each possible combination of values.

The Events frame is used to define what precipitation events are considered to be storms when
either Adding/Removing storm events or Adding/Removing volume in extreme events. When the
Vary precipitation only in the following Events checkbox is selected, a set of four elements
are made visible for defining storms. The Hourly intensity above field specifies the minimum
hourly precipitation value (or series of values) that is considered to be an event. The Allow gaps
up to field defines the number of hours allowed between two sets of storm events to consider
them all one event. The Total volume above field specifies the minimum amount of total
volume in an overall event for the event to be considered a storm. The Total duration above
field defines the minimum number of hours of consecutive storm values for the values to be
considered a storm. When Adding/Removing volume in extreme events, an additional field,
Change ... % of events, is provided in the frame to specify the percentage of events to change.
Leaving this field blank will result in the specified volume change being applied to all qualifying
events. Entering a percentage value will result in the volume change being applied to the highest
storms that total that percentage of the data set’s volume.

The Seasons frame near the bottom of the form is used for specifying a time subset of the data
set to which the modification will be applied. To specify a season, click on the Vary only in
selected check box and two additional fields will be displayed. The first field is a list of time
subset options that includes Calendar Years, Months, and Water Years. The second field will
display a list of available time intervals based on the item selected in the first field. For example,
selecting Water Years from the first field will populate the second field with a list of available
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water years based on the period of record of the data set. Items in the second field may be
selected and deselected by clicking on them. Additionally, the buttons below the list may be
used to select All or None of the items.

As new climate adjustments are created, they are added to the text box on the Climate Data tab.
Each new scenario can be composed of multiple adjustments to an input time series. By
combining multiple adjustments, a wide range of climate change scenarios of varying complexity
can be created. After adding an adjustment, it will appear as a line item in the text box below.
Checking the box will apply the change to the input series when running CAT. Unchecking the
box will cause the change to be ignored when running CAT. When multiple changes are applied
to an input data set, the changes are implemented in the order they are listed in the text box. This
order can be modified through use of the up and down arrows above the list. As adjustments are
checked and unchecked, the total number of climate change scenarios is computed. This number
is displayed as the Total iterations selected at the bottom of the form next to the Start button.
#_Climate Assessment Tool =]
File Edit ©ptions Help

Clirnate Data | Azzessment Endpoints I Fezults Table I Pivat Table I

Baze Scenanio IE:"aB.-'-‘-.SINSHData'\EIimate'\base.uu:i

Mew Scenario IMn:u:Iified

Add | Flemn:wel E dit | g | F'reparedl _vI_"I

[ Increase Precip Multiple 1.2

[ Seazonal Precip Muliply 1.2 konth: JunJul Aug

[[] Partial Precip Multiply 0.8 ater Year: 1986

[ Starm [ntensity Intengify 10

[ Starm Frequency AddEwvents 10 Month: kMar Apr kay

[] Temperature Add 2

[] Temp Cool Seazon Add 2 Month: Jan Feb kar &pr Moy Dec
[] Temp Warm Seazan Add 4 Month: May Jun Jul Aug Sep Oct
[7] Partial Temp Add 3w ater Year. 1986

[w] Synthetic Temp Add from 0to 3 step 1

Synthetic Precip Multiply from 1 to 1.3 step 0.1

Start | Total iteratiohz zelected = 16 [2:21]

Remove Button

The Remove button is used to delete an item from the list of climate adjustments. The item to be
deleted must first be highlighted before clicking the Remove button.

Edit Button

The Edit button is used to modify an existing climate adjustment. The desired adjustment must
be highlighted prior to clicking the Edit button.
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View Button

After creating an adjustment, the View may be used to see the actual modified data values in

tabular form. The Time series List window will be displayed. The contents and layout of the
listing may be modified through options in the File, Edit, and View menus. A key feature of the
time series listing is the ability to export the modified values to an external file for use outside of

BASINS-CAT. The File:Save option will save the listed data values to a tab-separated file.

7 - _ .
“ o Timeseries Liskt
L

File Edit Miew Analvsis Help

History 1

L

Mean

Mir

195512431 05:00
1955/12/431 10:00
195512431 11:00
19565/12/431 1200
195512431 12:00
1955/12/431 14:00
195512431 15:00
1955/12/31 16:00
195512431 17.00
1955/12431 18:00
195512431 15:00
1955/12/431 20:00
19551243 21:00
19565/12/431 2200
19551243 22:00
19565/12/431 24:00
195601401 07100
1956/01/07 0200
195601407 02:00
1956./01./07 04:00
195601407 05:00
195601 /01 DE:00

frarm baze. vadm
3072
0.0057734
1]

[ TR s TN s R e [ s R e [ s N e N s A e O s A e N s R e [ e A e R s R e R s A s N s A |

fram baze.wdm
2.56
n.o04e162
1]
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Prepared Button

The Prepared button allows the user to add scenarios that have been prepared as part of a
previous assessment and saved. These prepared inputs must be .WDM files, and you will be
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prompted to Select First base WDM file to use.

Select First base WDM file to use 2] x|
Look in: Il._ﬂll:limate LI & 5 N

base.wdm
Modified.base.wdm

File pame: I ;I Open I

Flesof ype:  [WDM files (" wdm) B3 m
e

HSPF follows a certain naming convention when running CAT using prepared inputs. Select the
first folder with the .WDM file prepared for the analysis. HSPF will go through the parallel
folders that come alphabetically after that folder and add all .WDM files to CAT as prepared
inputs. Therefore, the user should create parallel folders containing the relevant \WDM files, and
choose the First base WDM file as prompted.

These prepared inputs cannot be edited in CAT. Instead, the benefit of running the model with
prepared files is to see the effect of multiple inputs and user-selected endpoints.

While running the model using prepared data, no other (non-prepared) inputs can be used. The
user must still select Endpoints as usual.

Arrow Buttons

The arrows on the right side of the window are used to move the list of inputs up and down for

o]
organization.
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4.2 Assessment Endpoints

Z_Climate Assessment Tool - Ol x|
File Edit Options Help

Climate Data | Assessment Endpoints | Results Table I Pivaot Table

[T Save All Results
" Show Progress of Each Run

Add | Hemmrel Edit | C-Dpyl Tnpljj Bnﬁornl

Start

EPA’s Guidelines to Ecological Risk Assessment define an assessment endpoint as an explicit
expression of an environmental value that is to be protected. More generally, any ecological
attribute of relevance or concern to those conducting an assessment can be considered an
endpoint. Examples include a particular duration-frequency flow event (e.g. the 100-year flood,
7Q10 low flow event), the annual water yield from a watershed, or the annual nutrient loading to
a stream.

CAT provides a flexible capability to calculate and display assessment endpoints based on model
output data. Endpoints are calculated as a post-processing step using output data. This capability
allows users to quickly generate data for assessing the influence of climate change on hydrologic
and water quality endpoints of concern to managers.

The Assessment Endpoints tab contains a list of the Endpoints which the user has created. To
run the model, at least one climate scenario and one endpoint are necessary.

Check Boxes.

At the top of the tab window, there are two checkboxes for options when the model is run. The
user can choose to:
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e Save all results - a new set of model inputs and outputs will be saved for each model run,
using the text entered in the New Scenario field on the Climate Data tab as the base name
for the new files. Index numbers will be added to file names when multiple scenarios are
saved.

e Show progress of each run - the model will show a window (shown below) depicting the
progress of each run. This is useful when a particularly long model is being run or a
significant number of model runs is to be performed.

=101 ]

Executing

How X Complete

E stimated time left 2 seconds

Cancel Dutput

Add Button

Clicking the Add button on the Assessment Endpoints tab of the CAT form will display the
Endpoint form. This form contains the controls needed to define an assessment endpoint,
including the endpoint name, the dataset to be analyzed, the attribute of the dataset to be
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reported, value ranges of concern, and time periods of concern. The screen shown below

#._Endpoint =]

Endpoint Mame: ISummer Flo

Data zet: ISEEN RCHE FLOW 4 1,004

L

Attribuke; IMiﬂ

—Highlight % alues

Default Calor: I'W'hite

kirirnum Y alue: |<n|:|ne>

b asirnurn % alue; |<n|:|ne>

—Seasohnz

¥ Only include values in selected  |Manths j

Ot
Mo
Dec

All Mohe |

Ok Cancel
exhibits all features of the form. 4

The Endpoint Name field is used to provide a text label for identifying the assessment endpoint
being created. The Data set field is used to select the model output time series from which to
calculate the endpoint. The Attribute pull-down list contains the attributes available for
selection as assessment endpoints. CAT provides a wide array of attributes, from standard
statistics (e.g. mean, sum, standard deviation) to duration-frequency statistics (e.g. 7Q10, 100-
year flood).

The Highlight VValues frame allows for endpoint values of concern to be specified. A minimum
and maximum range can be specified along with color codes to identify the ranges. Endpoint
results within the specified range will be displayed in cells with the Default Color background.
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Results below the Minimum Value will be displayed with the Color Lower Values
background. Results above the Maximum Value will be displayed with the Color Higher
Values background. Colors for all three ranges may be updated by clicking in the color fields.

The Seasons frame near the bottom of the form is used for specifying a time subset to be used
when computing the endpoint value. To specify a season, click on the Only include values in
selected check box and two additional fields will be displayed. The first field is a list of time
subset options that includes Calendar Years, Months, and Water Years. The second field will
display a list of available time intervals based on the item selected in the first field. For example,
selecting Water Years from the first field will populate the second field with a list of available
water years based on the period of record of the data set. For this example, select the Months
option and the second field will be populated with the months of the year. Items in the second
field may be selected and deselected by clicking on them. Additionally, the buttons below the
list may be used to select All or None of the items.

As new endpoints are defined, they are added to the text box on the Assessment Endpoints tab.
Endpoints in this box may be manipulated further through other buttons on this tab.

Remove Button
Click on an endpoint to highlight it, then click the Remove button to delete the endpoint.
Edit Button

Highlight an endpoint and click the Edit button to open the main Endpoint window to modify
the endpoint.

Copy Button

If you would like to use a similar endpoint, but make a small change (for example, change which
months are selected), click the Copy button to create a new, identical endpoint that can be edited
more easily than starting over.

Top and Bottom Buttons

These buttons are useful for organization. Highlight an endpoint, then click the Top button to
bring the endpoint to the top of the list of endpoints on this tab. Similarly, the Bottom button
will move a highlighted endpoint to the bottom of the list.

Arrow Buttons

The Arrow buttons on the right side of the window are used to move the list of endpoints up and
down for organization.

Ee s

W
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4.3 Running an Assessment

Prior to performing an assessment in CAT it is necessary to define the climate scenario(s) to be
used as input to the model. The Climate Data tab displays a list of the previously defined
climate adjustments. Each adjustment has a check box for indicating whether or not it is to be
included as a component of the climate scenario being developed. The order of adjustments may
be controlled by selecting an adjustment and using the up and down arrow buttons above the list.
This is particularly important when multiple adjustments are being made to the same values in an
input data set (e.g. increasing an entire precipitation record and also increasing a season’s storm
intensity). When synthetic climate change scenarios are selected for an assessment, multiple
scenarios are automatically generated, resulting in multiple model runs. The Total iterations
selected label at the bottom of the CAT form shows the number of model runs based on the
selected adjustments (along with an estimate of time required).

¥ _Climate Assessment Tool =]

File Edit ©ptions Help

Clirnate D ata |.-’-'-.ssessment Endpu:uintsl Fesults Tal:ulel Fisat Tablel

Baze Scenario IE:'xB.-'-‘-.SINS'\Data'&EIimate'&hase.uc:i

Mew Scenano IMDdified

Add | Hemwel Edit | LT | F'repareu:ll _Vl;l

[w] Increaze Precip Multiply 1.2

[ Seazonal Precip Multiply 1.2 Month: JunJul Aug

[7] Partial Precip Multiply 0.8 % ater Year. 1986

[7] Storm Intengity Intensify 10

[[] Storm Frequency AddEwentz 10 Month: Mar Apr Map
™| Temnperature Add 2
[] Temp Cool Seazon Add 2 Month: Jan Feb kar &pr Mow Dec
[] Temp Warm Seazon Add 4 Month: May Jun Jul Aug Sep Oct
[ Partial Temp Add 3 water Year 1986

[ Synthetic Temp Add from 0 ta 3 step 1

[ Synthetic Precip Multiply from 1 to 1.3 step 0.1

Start | Toatal iterationz zelected = 1 [0:03)

The other step required prior to performing an assessment is selecting environmental endpoints
of interest. Any number of endpoints may be selected for output from the model run(s). The
Top, Bottom, and Up/Down Arrow buttons are useful for arranging the endpoint values in a
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1  desired order on the output results table.
i_ Climate Assessment Tool M=l B3
File Edit Options Help

Climate Data | Assessment Endpaints | Results Table | Pivot Table |

[T Save &l Results
[~ Show Progress of Each Fiun

A&dd | Hemwel Edit | I:l:upyl Tnpljj Bl:utt-:uml

[ Flows THigh100

[w] Taotal M Surménnual

™| Flove tean from 30 ko 150
[ Summer Flow Min Month; Jun Jul Aug

Start | Total terations selected = 1 [0:08]

2
3  Before model execution, two additional options on the Assessment Endpoints tab may be set:
4 Save All Results and Show Progress of Each Run. The Save All Results check box is used to
5 set whether or not all model output is saved, not just the assessment endpoint values. Checking
6 this box will save a new set of output results in the same manner as the original output. The text
7 from the New Scenario field on the Climate Data tab will be used to build the base file name
8  for the new output files. When saving multiple sets of results, this base name will also have
9  model run number added to it. The Show Progress of Each Run check box is used to set
10  whether or not a status monitor will be displayed while the model is running. If a model run is
11  particularly long, or a series of model runs are being made using synthetic data, checking this
12 box can be useful to see the progress of the model run(s).
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4.4 Results

CAT outputs results in the form of assessment endpoint values as they are computed from model
output time series. CAT results can be displayed in both a standard table and a pivot table.
Additionally, it is possible to assess model output results at a greater level of detail through the
main BASINS interface.

Results Table

The Results Table tab displays the assessment endpoint values computed from the model run’s
output time series. If a range of concern was specified for an endpoint and the resulting endpoint
value is above or below the specified range, its background color will be set according to the
endpoint specification.

i_ Climate Assessment Tool
File Edit Options Help
Climate Datal fzseszment Endpaint:  Results Table | Pivat Table
Run Partial Precip Parhial Temp Total M Floa Surmmer Flov
kA Laltiply Add Suménnual ean kir
Current v alue Current Y alue SCEMN RCHE TH-LOAD  SCEM RCHS FLOW SCEM RCHS FLOW
Wiaterrear [1986 ] ‘whateri'ear (1986 ] tanth [Jun Jul Aug |
1 ne 3 289,260 a1.142 10109
4| | B
Start | Finizhed with 1 runs

Output tables in CAT may also be saved to an external file for use outside of the program. The
Save Results item in the File menu will prompt for the file name in which the results are to be
saved. Results are saved in a tab-delimited format, suitable for import into Excel and other
analysis programs. Additionally, the Edit:Copy Results menu option will copy the contents of
the results table to the clipboard, making them available for pasting elsewhere.

Pivot Table
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A pivot table is a data visualization and mining tool that allows users to reorganize selected
columns and rows of data within a database. The term pivot refers to turning the data to view it
from different perspectives. Pivot tables are especially useful for summarizing large amounts of
data in a compact format, looking for patterns and relationships within a dataset, and organizing
data into a format suitable for plotting data as a chart.

The Pivot Table tab allows users to view model output data (the same data listed in the results
table) in a pivot table. The Rows and Columns fields must be selected from the dropdown lists
on this tab. This feature is especially useful when synthetic climate change scenarios are used
and the effects of varying climatic changes on a selected endpoint are being investigated. The
first two fields of this form are used to specify what element to vary in the Rows and Columns
of the pivot table. The Cells field is used to specify what element will be displayed in the pivot
table’s cells.

i_ Climate Assessment Tool
File Edit Options Help

Climate Datal fzseszment Endpu:uintsl Fiesultz Table  Fivat Table

Fows ISynthetic Temp &dd Curent Y alue]

Coluninz ISynthetic Precip Multiply Current Y alue

Cellz IFIu:uw Mean SCEM RCHS FLOW

II Led L Led

1 11 12
0 95,307 114.23 133.75
1 92,751 111.44 130.79
2 90,238 108,69 1278 147.47
3 T 124.85 144,33

Start | Finzhed with 16 runs

As with CAT’s standard Results Table, pivot table results may also be saved to an external file.
The File:Save Pivot option will prompt for the file name in which the pivot table is to be saved.
Additionally, the Edit:Copy Pivot menu option will copy the contents of the pivot table to the
clipboard, making them available for pasting elsewhere.
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5.0 A Case Study Application of the BASINS CAT in the
Monocacy River Watershed

This chapter presents a case study application of BASINS CAT assessing the potential impacts
of climate change on the hydrology and water quality of a mid-Atlantic watershed. The
discussion is intended to be illustrative of the type of analyses and data that can be generated
using the BASINS CAT. Accordingly, we do not present a comprehensive discussion of results.
A limited set of results are presented as only examples of the analyses performed. Moreover, this
case study is a single example of an analysis conducted using the CAT tool. Other studies and
applications of BASINS CAT may employ different methods of creating scenarios and/or
address hydrologic, water quality and/or biological endpoints not discussed here.

5.1 Background and Goals

The Monocacy River flows from south-central Pennsylvania to central Maryland, and is a
tributary of the Potomac River and Chesapeake Bay (Figure 5.1). During the latter half of the
20th century, human activities within the Bay watershed resulted in severe ecological
impairment, principally due to nutrient pollution and associated reductions in dissolved oxygen
and water clarity. To address this problem, in 1983 a government partnership called the
Chesapeake Bay Program (CBP) was established among the States of Maryland, Virginia,
Pennsylvania, the District of Columbia, and the federal government with the goal of restoring
water quality and living resources throughout the Bay and tributaries.

This study was conducted to help the EPA Chesapeake Bay Program determine how potential
future changes in climate could impact the ability to achieve nutrient and sediment reduction
targets in the Monocacy River. Specifically, the study goal was to determine whether potential
future climate changes by the year 2030 presented a significant risk to achieving and maintaining
desired nitrogen, phosphorus, and sediment reductions. Nitrogen, phosphorus, and sediment were
selected as endpoints because they have an important influence on Bay dissolved oxygen, water
clarity and organisms such as crabs, fish and plankton. The planning horizon of 2030 was
selected to be consistent with a concurrent CBP effort assessing the impacts of land use change
on water quality. The impacts of potential future changes in land use were not considered,
however, in this study.

The Monocacy watershed is 1,927 km? in size, with approximately 60% in agriculture, 33%
forested, and 7% urban. The city of Frederick, MD, and its suburbs are the largest urban area
within the watershed. The Monocacy is categorized as a Maryland Wild and Scenic River, but it
has one of the greatest nonpoint source pollution problems in the state due in large part to runoff
from the 3,500 farms, livestock operations and dairies in the watershed. A USGS Stream gage is
located near the mouth of the river.
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Figure 5.1. The Monocacy River Watershed.

5.2 Methods

BASINS CAT was used to create and run climate change scenarios using the watershed model
HSPF. Climate change scenarios were created by modifying temperature and precipitation
records for a 16 year period of historical data, from 1984 to 2000, from 7 NCDC weather stations
located within or near to the watershed. As discussed previously, this approach allows scenarios
to be created at multiple locations (e.g. NCDC weather stations) while maintaining the existing
spatial correlation structure among neighboring locations.

The HSPF model was selected for simulating the watershed response to climate change for two
reasons. First, the influence of climate change on watershed processes is complex, and it was
decided that a relatively detailed model was necessary to adequately represent the sensitivities of
the system to changes in temperature and precipitation. This is particularly true given the focus
on the biologically reactive endpoints nitrogen and phosphorus. In addition, it was important to
use a model for assessing climate change impacts that was compatible with the model used by
the Chesapeake Bay Program to assess other program outcomes, the Phase 5 Community
Watershed Model, which is based on HSPF. Moreover, to ensure that simulations of climate
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change impacts were consistent with existing Bay Program modeling practices, the Monocacy
BASINS HSPF project was set up and parameterized in the same way using the same land
use/landcover and BMP data as used by the Phase 5 Community Watershed Model.

5.2.1. Regional Climate Change Data

Information about future climate change in the Monocacy Watershed was acquired through Penn
State University’s Consortium of Atlantic Regional Assessments project (CARA) web page
(http://www.cara.psu.edu/). The CARA webpage provides spatially referenced data on projected
changes in temperature and precipitation totals throughout the mid-Atlantic region for the future
periods 2010-2039, 2040-2069, and 2070-2099 based on climate modeling experiments using 7
GCM models from the IPCC Third Assessment Report (IPCC, 2001) and two IPCC future
greenhouse gas emission storylines (A2 and B2; IPCC, 2001). CARA data are expressed as
projected changes relative to the base period 1971-2000, summarized for each season of the year,
and interpolated spatially from the original GCM grid resolution to 1/8 degree resolution using a
spline algorithm. Collectively, climate change projections based on these 7 GCM models and
A2/B2 emissions storylines capture a plausible range of future change in the Monocacy
Watershed. Scenarios based on these projections, in turn, were used to identify the range of
plausible changes in nitrogen, phosphorus, and sediment loads in the Monocacy River. Note that
CARA website is also a good source of general information about climate change, the use of
climate change scenarios for assessing impacts, land use change, and other information for the
mid-Atlantic region. Additional information about the CARA data is available at:
http://www.cara.psu.edu/climate/models.asp

5.2.2. Scenario Analysis

The scenarios evaluated in this study considered only potential future changes in climate. Future
changes in land use, sea level rise, or other factors potentially impacting the Chesapeake Bay
were not addressed. All watershed simulations thus assumed current land use conditions
throughout the Monocacy watershed.

Climate change scenarios were created and analyzed in 2 ways to address different questions
about system sensitivity to climate change. The first analysis used a set of “synthetic” scenarios
to gain fundamental understanding of important system properties, e.g., thresholds and non-
linear behaviors. Synthetic scenarios describe techniques where particular climatic attributes are
changed by a realistic but arbitrary amount, often according to a qualitative interpretation of
climate model simulations for a region (IPCC_TGIA, 2007). The results of this type of analysis
are particularly useful for providing insights about the type and amount of change necessary to
threaten a management target or push the system past a threshold. In this study, a set of 42
synthetic scenarios were created and run with the HSPF model reflecting different combinations
of arbitrarily assigned changes in temperature and precipitation. Baseline temperatures were
adjusted by 0, 2, 4, 6, 8, and 10°F, and baseline precipitation volume by -10, -5, 0, 5, 10, 15, and
20 percent. Changes in precipitation volume were implemented by applying a uniform multiplier
to all precipitation events in the record, thus potential future increases in the proportion of
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precipitation occurring in larger magnitude events were not reflected in synthetic scenarios.
Although the specific changes described are arbitrary, the range of temperature and precipitation
change is consistent with projected changes for this region by the end of this century in the
CARA dataset.

The second analysis used a set of model based climate change scenarios from the CARA
database to determine the potential range of changes in nitrogen, phosphorus, and sediment
loading in the Monocacy River by the year 2030. This analysis was intended to assess the
sensitivity of these endpoints to a set of specific, internally consistent climate change scenarios
based on climate modeling experiments reflecting different assumptions about future greenhouse
gas emissions and different model representations of the climate system.

A total of 42 model-based scenarios were created and run with the HSPF model based on
seasonally variable climate change projections for the period 2010-2039 (the averaging period in
the CARA dataset closest to the 2030 planning horizon of the Chesapeake Bay Program) from
the CARA dataset. Scenarios reflect projections based on 7 GCM models, and 2 emissions
storylines, and 3 assumptions about changes in the intensity of precipitation events.

The projected changes in mean air temperature and precipitation totals for each season of the
year (Dec/Jan/Feb; Mar/Apr/May; Jun/Jul/Aug; Sep/Oct/Nov) relative to the base period 1971 to
2000 were acquired for each projection in the CARA dataset. It is generally expected that as
climate changes, a greater proportion of annual precipitation will occur in larger magnitude
events (IPCC, 2007). The CARA dataset, however, did not provide any information about
changes in precipitation intensity. Accordingly, to capture a range of plausible changes in event
intensity, scenarios were created by applying projected seasonal changes from the CARA dataset
in three ways: (1) as a constant multiplier applied equally to all events within the specified
season, (2) as a constant multiplier applied only to the largest 30% of events within the specified
season, and (3) as a constant multiplier applied only to the largest 10% of events within the
specified season. The 3 assumptions about changes in precipitation intensity capture a plausible
range of future changes in the distribution of precipitation among different magnitude events
based on observed trends during the 20" century (e.g. during this period there was a general
trend throughout the U.S. towards increases in the proportion of annual precipitation occurring in
roughly the largest 30% magnitude events; Groisman et al., 2005). All totaled, the resulting set
of 42 scenarios capture a broad range of plausible future climate change well suited to
identifying the potential range of impacts on system endpoints.

Each of the 42 scenarios was created using BASINS CAT by specifying a set of adjustments to
historical temperature and precipitation time series for the period 1984 to 2000. More
specifically, each scenario consisted of a set of 4 adjustments to the historical temperature time
series, one for each season of the year, reflecting projected seasonal temperature changes for one
projection from the CARA dataset; and 4 adjustments to the historical precipitation time series,
one for each season of the year, reflecting projected seasonal precipitation changes (expressed as
a percent change) together with an assumption about how changes in precipitation are distributed
among different sized events (i.e. assume that the projected seasonal change in precipitation
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volume is distributed among all events during that season, just the largest 30% of events, or just
the largest 10% of events).

5.3 Results

The model output generated by HSPF for the different scenarios evaluated can be compared,
contrasted, combined, parsed, or otherwise analyzed in a great variety of ways to gain insights
concerning the system response to climate change. In this study we focus on mean annual
nitrogen, phosphorus, and sediment loading, although a wide range of other metrics could be
calculated and assessed. As mentioned previously, the purpose of this case study is to provide an
example of the types of analyses supported by BASINS CAT. Accordingly, we do not provide a
detailed discussion of results or conclusions. Rather, results are presented for a single endpoint,
mean annual nitrogen loading, and we provide a single graphic display of data generated using
each type of scenario. Other studies and applications of BASINS CAT, depending on
management/user goals, may utilize other methods of analysis and display, and may address a
multitude of other hydrologic, water quality and/or biological endpoints.

5.3.1 Synthetic Scenarios

After conducting a series of HSPF simulations using BASINS CAT, a summary of results can be
viewed by selecting the “Results Table” tab from the opening CAT window. This data can be
exported and used with any 3rd party database, spreadsheet, or plotting package. In addition, the
“Pivot Table” tab in BASINS CAT provides powerful tool for quickly exploring the response of
any selected endpoint as a function of any two other variables. For example, Figure 5.2 shows in
pivot table format the response of mean annual nitrogen loading in the Monocacy River to
changes in mean annual temperature and precipitation based on the analysis using synthetic
scenarios.

f:_climate Assessment Tool =10 il
File Edit Options Help

Climate Datal Assessment Endpaints | Fiesults Tahle Fivot Tahle |

Bows lA\rTemp Seg 1 Mean OBSERYED SEGT ATMP #1,104]

Calumns iPrec: segl Sum OBSERVED SEGT HFRC # 2100

Lel Lef L]

Cells iNitrogen—Tota\ SurnAnnual base F:d N-TOT-OUT # 46,444

BEB.1 705.22 74233 779.45 816.57 953.68 890.8

52.779 4,151,200 4,355,300 4,574,700 4,808,800 5,042,600 5,270,300 5,485,500
54.779 4,061,100 4,238,100 4,451,800 4,678,200 4,907,500 5,141,800 5,375,200
56.779 3,983,100 4,157,500 4,323,800 4,534,800 4,761,800 4,984,600 5,231,800
98.7749 3,936,100 4,078,400 4,240,600 4,415,000 4,614,300 4,838,200 5,085,700
60.779 3,803,500 4,018,100 4,175,400 4,339,600 4,514,800 4,710,100 4,825,600
62.779 3,869,700 3,978,200 4,112,200 4,266,000 4,434,100 4,819,100 4,814,900
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Figure 5.2. Pivot table showing the response of mean annual nitrogen loading (pounds per
year) in the Monocacy River to changes in mean annual temperature and precipitation
based on the analysis using synthetic scenarios.

Figure 5.3 shows the same data contained in Figure 5.2 in a different format. The plot is based on
output from 42 HSPF simulations generated using the automated (iterative) run capability of the
BASINS CAT. Contours were generated by interpolation from the original 42 points, or
synthetic scenarios, evaluated. The plot illustrates that as precipitation increases across the
watershed, annual nitrogen loads increase, reflecting increases in runoff. As air temperature
increases, annual nitrogen loads decrease in response to decreased runoff resulting from
increased evapotranspiration. More specifically, the impact of warming temperatures on nitrogen
loading can be seen in this figure by moving from the point labeled “current climate” vertically
upwards. The impacts of changes in precipitation can be seen by moving horizontally left or right
from this point. In a similar way, the projected impacts of any combination of change in
temperature and precipitation on annual nitrogen loading can be seen by moving along different
trajectories within the plot. Generally, mean annual nitrogen loading is shown to change about
1.1% per % change in mean annual precipitation (relative to current conditions), and about 2%
per degree F change in mean annual air temperature. This type of quantitative information can be
developed for any endpoint of concern, and can be useful for assessing the risk of climate change
impacting a management target or goal (e.g. a target nutrient load). In this study similar plots
were developed for phosphorus and sediment loading but are not shown here. It should be noted
that BASINS CAT does not provide a direct capability for making contour plots such as Figure
5.3. The contour plot shown here was created using a 3rd party plotting software (DPLOT) from
tabular HSPF output data generated by BASINS CAT (shown in the “Results Table” tab).
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Figure 5.3. Contour plot showing the response of mean annual nitrogen loading
(pounds*1000 per year) in the Monocacy River to changes in mean annual temperature
and precipitation based on the analysis using synthetic scenarios. The current mean annual
temperature and precipitation are indicated by the black star.

5.3.2 Model-Based Scenarios

Figure 5.4 shows the response of mean annual nitrogen loading in the Monocacy River to the
model-based, seasonally variable climate change scenarios developed from climate change
projection data in the CARA dataset. The data shown are from HSPF simulations of only the 14
scenarios created by applying a uniform multiplier to all events (i.e. does not reflect potential
changes in the proportion of precipitation occurring in large magnitude events). BASINS CAT
was used to create and run each scenario. Note that the scenarios based on other assumptions
about changes in precipitation intensity have exactly the same mean annual temperature and
precipitation values, and thus cannot be displayed in Figure 5.4 (because x-axis value reflects
only annual total precipitation, results based on each different assumption about intensity would
plot at exactly the same x,y coordinate).
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Figure 5.4. Scatter plot showing the response of mean annual nitrogen loading (indicated by
the color scale in pounds*1000 per year) in the Monocacy River to model based climate
change scenarios from the CARA dataset. Circles represent projections based on the A2
emissions storyline, triangles represent projections based on the B2 emissions storyline, and
the star represents current mean annual temperature and precipitation.

Current climate is indicated on the plot by the star. The spatial distribution of the points shows
the range of projected changes in mean annual temperature and precipitation from the 7 GCM
models and two emissions storylines. All projections show warming mean annual temperatures
by 2030. Projections vary with respect to changes in mean annual precipitation, with some
showing increases, and others decreases. The color scale indicates the range changes in mean
annual nitrogen loading in response to projected changes in climate. Changes in mean annual
precipitation for these scenarios ranged from about -1 to 5 %, and changes in mean annual
temperature from about 1 to 3 °F. The resulting changes in mean annual nitrogen loads ranged
from about -5 to 3 %. The projected decreases are likely to result from decreases in streamflow
also projected by 2030.

As with the analysis of synthetic scenarios, this type of quantitative information can be
developed for various or multiple endpoints of concern, and can be useful for determining the
range of potential changes in a key management target resulting from plausible future changes in
climate (in this case based on model projection data). Figure 5.4 was created using a 3rd party
plotting software (DPLOT) from tabular HSPF output data generated by BASINS CAT (shown
in the “Results Table” tab).
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5.4 Conclusions

The case study described in this chapter is a brief example of an analysis conducted using
BASINS CAT assessing the sensitivity of a single water quality parameter, nitrogen, to a range
of plausible changes in climate. Results suggest that nitrogen loading is sensitive to projected
changes in climate in this watershed, although the direction of change is unclear due to
differences in projected future changes in precipitation. Similar analyses could be conducted
using the BASINS CAT tool assessing a wide range of user-specified climate change scenarios
and/or hydrologic and water quality endpoints.
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6.0 Other Resources

6.0 Other Resources

The U.S. EPA’s climate change web site provides a range of information about climate change
and potential climate change impacts.

http://www.epa.gov/climatechange/

The U.S. Climate Change Science Program (CCSP) web site provides links to information and
products from the U.S. Global Change Research Program.

http://www.climatescience.gov/

The NOAA Climate Program Office web site provides links to information and products from
NOAA.

http://www.climate.noaa.gov/cpo_pa/risa/

The Intergovernmental Panel on Climate Change (IPCC) web site provides a wealth of scientific
information and products including links to the 2007 Fourth Assessment Report.

http://www.ipcc.ch/

The IPCC Task Group on Scenarios for Climate Impact Analysis gives guidance on developing
scenarios and conducting climate change impact assessments.

http://ipcc-wgl.ucar.edu/wgl/wgl_tgica.html

The Consortium for Atlantic Regional Assessment (CARA) web site has a useful climate change
primer along with some climate change scenarios for the Northeastern US.

http://www.cara.psu.edu/
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