BASINS/HSPF Training Exercises

In this exercise, we will combine the adjusted historic precipitation and temperature records
from the previous exercise to create climate change scenarios. We will also use BASINS
CAT to automate the creation of multiple synthetic climate change scenarios by applying a
series of record adjustments within a user-specified range to historical data. We will create
scenarios that incrementally increase temperature values and incrementally increase
precipitation values.

Questions addressed in this exercise:

1) How do | combine multiple changes to create a climate change scenario?

2) How do I create spatially variable climate change scenarios at multiple locations?
3) How do I create synthetic climate change scenarios?

4) How do I export climate change scenarios as ASCII text files?

A. Constructing a Climate Change Scenario

QUESTION ANSWERED:
1) How do | combine multiple changes to create a climate change scenario?
2) How do | create spatially variable climate change scenarios at multiple locations?

This section illustrates how multiple record adjustments to historical temperature and
precipitation data, or scenario components, are combined in a cumulative way to create
climate change scenarios. Running this exercise requires that one or more record
adjustments have already been made, such as those illustrated in the previous exercise
(Exercise C1). This exercise can also be performed using record adjustments other than
those shown here.

In this section we will create two climate change scenarios. The first applies temperature and
precipitation changes to each year in the record to create a long-term change scenario. The
second applies decreasing precipitation and increasing temperature for a single, selected year
to create a scenario representing an increased drought severity.

1. Open BASINS and select the Analysis:Climate Assessment Tool menu option. The
following form will appear.
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: Climate Assessment Tool Y ] 3

File Edit OCptons Help

Open a scenario or load results using the File menu

2. From the File menu, choose Load Climate and Endpoints. In the file dialog,
choose the file CAT-Tutorial.xml saved in the previous exercise. The CAT form will
now look like the following:

1 Climate Assessment Tool = |EI |i|

File Edit Cptons  Help

Climate Data |AssessmentEndp0ints| Fesults Tablel Pivat Table

Base Scenario |C:\BASINS\d atshClimate\base.uci

MNew Scenario |M0dified

Add | Removel Edit | Wiew | Preparedl vl "|

vl Increase Precip Multiplhy 1.2

vl Seasonal Precip Multiphy 1.2 Month: Jun Jul Aug

[l Partial Precip Multiphy 0.8 \Water Year: 1986

[l Storm Intensity Intensify 10

[l Storm Frequency AddBEwvents 10 Month: Mar Apr basy

[wl Temperature Add 2

[wl Temp Cool Season Add 2 Month: Jan Feb Mar Apr MNow Dec
[wl Temp Warm Season Add 4 Month: May Jun Jul Aug Sep Oct
vl Partial Temp Add 3 Water vear: 1986

Total iterations selected =1 (0:09) Flot |

The Climate Assessment Tool form displays the previously defined record adjustments in a
list on the Climate Data tab. 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 can 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). In such a case, the first (i.e., highest in the
list) adjustment would be applied to the original record. Ensuing adjustments would then be
applied to the record resulting from the previous adjustment in a cumulative way.

3. Begin defining the first climate scenario by selecting the following record
adjustments (placing a check in the appropriate checkboxes):
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Increase Precip Multiply 1.2
Temperature Add 2

All other record adjustments should be inactive (not checked). 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 section is only demonstrating how
climate change scenarios are defined).

.’_ Climate Assessment Tool
File Edit Cptions Help

Climate Data |Assessment Endpomtsl Results Tablel Pivot Table

=10 x|

Base Scenario IC.\BAS|NS\data\CI\mate\base uci

Mew Scenario |Mudif\ed

Add | Remavel Edit | Wiew | Preparedl

vl Increase Precip Multiphy 1.2

[ Seasonal Precip Multiphy 1.2 Maonth: Jun Jul Aug

[ Partial Precip Multipky 0.8 Water Year: 1986

[ Starm Intensity Intensify 10

[ Storm Frequency AddEwvents 10 Month: Mar Apr hay
™l Temperature Add 2
[] Temp Cool Season Add 2 Month: Jan Feb Mar Apr Now Dec
[ Temp Warm Season Add 4 Month: bMay Jun Jul Aug Sep Oct
[ Partial Temp Add 3'Water Year: 1956

Start Total iterations selected = 1 (0:09)

Plot |

adjustments:

Partial Precip Multiply 0.8 Water Year: 1986
Partial Temp Add 3 Water Year: 1986

Define the second climate change scenario by selecting the following record

All other record adjustments should be inactive (not checked). This combination of
adjustments represents a climate scenario for assessing an increased severity of
drought in a single year during a model run.

_’_ Climate Assessment Tool
File Edit Options Help

Climate Diata |A55955mem Endpoints | Results Table | Pivol Table

=10l x|

Base Scenario |C:\EASINS\d atalClimateibase.uc

MNew Scenario IMDdified

Add | Removel Edit | Wiew | Prepared|

[ Increase Precip Multiohy 1.2

[ Seasonal Precip Multiphy 1.2 konth: Jun Jul Aug

lwl Partial Precip Multiphy 0.6 Water Year: 1986

] Storm Intensity Intensify 10

[ Storm Freguency AddEwents 10 bdonth: Mar Apr bay

[ Temperature Add 2

[ Temp Cool Season Add 2 Month: Jan Feh Mar Apr Now Dec
1 Temp Warm Seasan Add 4 Manth: May Jun Jul Aug Sep Oct
%] Partial Temp Add e b

Start | Total iterations selected = 1 {0:09)

Flot |
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At the bottom of the BASINS CAT form, a label indicates the number of model runs (or
Total iterations) that will be performed. For each climate scenario shown here, only one
model run will be made. When a synthetic climate scenario is used (Section B this exercise),
a series of model runs is made, one for each adjustment, or iteration, 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 4 iterations combined with a synthetic precipitation scenario with 3 iterations
would result in 12 model runs.

Note: Most HSPF models receive meteorological input from multiple locations,
typically NCDC weather stations, within a watershed. Running an assessment using
BASINS CAT for this type of model thus requires that change scenarios be created
for meteorological data for multiple locations within a watershed. BASINS CAT
provides the option to apply specified adjustments to multiple meteorological data
sets simultaneously, e.g., temperature time series data from multiple weather stations.

BASINS CAT can also be used to create spatially variable climate change scenarios
for different locations within a watershed by individually selecting and adjusting
historical temperature and precipitation time series data sets from each location.

To individually adjust time series data from multiple locations (NCDC weather
stations), each data set must be selected and adjusted as a separate step. After
specifying adjustments to each data set, the BASINS CAT interface will list each
adjustment preceded by a checkbox. By selecting and unselecting the appropriate
checkboxes, users can create and run spatially variable precipitation and air
temperature change scenarios for each weather station used in an HSPF simulation.

B. Creating Synthetic Climate Change Scenarios

QUESTION ANSWERED:
3) How do | create synthetic climate change scenarios?

BASINS CAT can be used to automate the creation of multiple synthetic climate change
scenarios by applying a series of record adjustments within a user-specified range to
historical data.

This section shows how a series of adjustments can be applied to the full, historical data set
to create synthetic climate change scenarios. The final result of the section is two synthetic
scenarios, one that incrementally increases temperature values, and one that incrementally
increases precipitation values.
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1. To begin creating the synthetic temperature scenario, click the Add button. The
Modify Existing Data form will open. Begin defining this scenario by entering
“Synthetic Temp” in the Modification Name field.

% Modify Existing Data - 0| x|
haodification MName: ISynthetiCTemp
Existing Data to Modify: |<clickt0 specify data to modify> iew |
Caompute PET: |<clickt0 specify PET to replace> e |

How to Modify: Multipply Existing Walues by a Mumber

MNurnberto multiphy existing data by
& Single Change ¢ lterate Changes

Yalue I'I 1 multiplication factor

Ewvents

™ “ary precipitation anly in the following Events

Seasons

™ “ary anly in selected

2. To select the air temperature data to modify, click in the Existing Data to Modify
box. The Select data to vary form will be displayed. 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.
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1 Select data to vary = |EI |i|
File  Atrbutes  Select  Help
Select Attribute Yalues to Filter Available Data

Scenario LI ILocation LI ICDnstituent LI
OBESERYED 015594526 - | AGWET ﬂ
BELTSWIL AGW
1:101 AGWO
LAUREL AGWSE
P:101 AIRT
P:102 AIRTHMP
n o | A =
Matching Data (27 of 2221)
OBSERWED 015594526 FLOW =
OBSERWED LAUREL HPRECIF
OBSERWED UPMARLER HPRECIF
OBSERWED BELTSWIL FET s
OBSERWED WASH_NAT CLOUD
OBSERWED WASH_NAT WIND
OBSERWED WASH_NAT DEWPFT
OBSERWED WASH_NAT SOLRAD
TRCEDA /e LIDhdAT P ATk T2 j
Selected Data (1 of 2221)
OBSERWED BELTSWIL AIRTHMP

~Dates to Include
All Comman |
Start  1980/01/01 1980/071/01 | 1980/01/01

End  1390/12/31 199071231 [ 18901231 Ok | Cancal |

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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4.

f_ Modify Existing Data

Modification Name: ISynthetiCTemp

Existing Diata to bodify: IOEISEP\\-’ED BELTEYIL AIRTMP

Compute PET: |<c|iu:k to specify PET to replace>

Howe to Modify: hAultiply Existing a a Mumben

=10 x|

e

ili

R

hurmber to multiply existing data by
@ Single Change ¢ lterate Changes

Yalue I'I 1 multiplication factor

Ewvents

™ “/ary precipitation only in the fallawing Events

—Seasons

™ “ary 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 Data list. Click the Ok button to close the Select data to vary form.
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f__ Select PET to replace with values computed from ai ;lglﬂ
Fle Atmbutes Select Help
”SeledAhrlbute “Yalues to Filter Available Data
IScenar\D LI ILDcanon ﬂ ICDnstltuem LI
01534526 - | AGWET il
BELTSVIL AGWYI
l:101 AGWD
LAUREL AGWS
F:101 AIRT
F:102 j AIRTMP j
hatching Data (27 of 2221)
CBSERVED 01594528 FLOW I~
OBSERVED LAUREL HFRECIF
CBSERVED UPARLBR HFRECIP
OBSERVED BELTSWIL AIRTMP
OBSERVED WASH_MAT CLOUD
OBSERVED WASH_MNAT WIND
OBSERVED WASH_MAT DEWPT
OBSERVED WASH_MNAT SOLRAD
OESEDY/EN LDk AAD P ATO-RITT j
~Selected Data (1 of 2221)
OBSERVED BELTSWIL PET
Dates to Include
All Cormman |
Start  1972/01/01 1972/01/01 | 197201701
End  1990/12/31 1990/12(31 I 19901 2/31 ‘ Ok I Cancel |

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 used to create synthetic climate change
scenarios. 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.
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6.

; Modify Existing Data

=10l x|

todification Mame: |5yntheticTemp

Existing Data to Modify: IOEISER\/ED BELTSWVIL AIRTHMP

Compute FET: IOBSERVED BELTSWVIL PET

How to Modify: IChange Temperature

iy |
Wiew |

—Degrees to add to each existing temperature value

" Single Change = lterate Changes

Miniraurm ID degrees
haximum: IS\ degrees

Increment: |1 Increase this much each iteration fram Minimurm

—Ewvents

™ “ary precipitation only in the following Events

rSeasons

™ “ary only in selected

Ok

Cancel

4

o '_ Climate Assessment Tool
File Edit Options Help

Climate Data |AssessmentEndpoints| Fesults Tablel Pivaot Table

(=]

Base Scenario |C:\EIASINS\data\CIimate\b ase.uci

MNew Scenario |M0dified

Removel Edit | Wiew | Preparedl

[ Seasonal Precip Multiphy 1.2 Month: Jun Jul Aug

[wl Partial Precip Multiply 0.8 Water Year: 1986

[ Storm Intensity Intensify 10

[ Storm Freguency AddEwvents 10 Month: Mar Apr bMay

[ Temperature Add 2

[ Temp Cool Season Add 2 Month: Jan Feb Mar Apr Mow Dec
[ Termp Warm Season Add 4 Month: May Jun Jul Aug Sep Oct
[l Partial Temp Add 3Water Year: 1986

[l Synthetic Temp Add from 0to 3 step 1

Start | Total iterations selected = 4 (0:36)

Flot |
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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 again.
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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 button. The Modify Existing Data form will be updated to show
the selected precipitation data set.

; Modify Existing Data = |EI |i|
Modification Mame: |Synthetic Frecig
Existing Data to Modify: |OBSERVED UFMARLER HFRECIP Wiew |
Compute PET: |<clickt0 specify FET to replace> Yiew |
Haoree to bodify:
MNumber to multiply existing data by
' Single Changae ¢ lterate Changes
“alue |1 1 multiplication factor
Ewents
™ Wary precipitation only in the following Events
CSeasons
I~ Wary only in selected
Ol | 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 precipitation data. Click the Ok button to
complete the scenario definition process.
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" Modify Existing Data _ 0] x|
todification Mame: ISynthetic Precip
Existing Data to Modify: |OEISERVED UPMARLBR HFRECIP Wiew |
Compute PET: |<c|ic|<to specify PET to replaces Yiew |

How to Modify:

Mumber to multiply existing data by
" Single Change & lterate Changes

kinirmurn |1.D multiplication factor
haximum: |1.3 multiplication factor

Increment; D.1| Increase this much each iteration frarm Minimum

Ewvents

™ Wary precipitation only in the following Events

—Seasons

™ Wany anly in selected

Ok | Cancel |
Vi

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.

__L_ Climate Assessment Tool = |E||i|
Fle Edit OCptons Help

Climate Data |AssessmentEndpmnts| Fesults Table' Fiviot Table

Base Scenario |C'\BASINS\dﬁta\CI\mate\hﬁse uci

MNew Scenario IMDdified

Add Removel Edit | Viewl Preparedl vl -

[ Increase Precip Multiphy 1.2

[ Seasonal Precip Multiply 1.2 Month: Jun Jul Aug

il Partial Precip Multiply 0.8 WaterYear: 1986

[ Storm Intensity Intensity 10

[ Storm Frequency AddEwvents 10 bMonth: bMar Apr bay

[ Temperature Add 2

[ Temp Cool Season Add 2 Month: Jan Feb Mar Apr Nov Dec
[ Temp Warm Season Add 4 Month: May Jun Jul Aug Sep Oct
Il Partial Temp Add 3WWater vear: 1986

Il Synthetic Temp Add fram 010 3 step 1

[l Synthetic Precip Multiply from 110 1.3 step 0.1

Stant | Total iterations selected = 16 (2:24) Flat
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10. To complete this exercise, save the state of BASINS CAT, using the File:Save
Climate and Endpoints menu option.

C. Archiving Climate Change Scenarios

QUESTION ANSWERED:
4) How do | export climate change scenarios as ASCII text files?

This section illustrates how individual record adjustments made using BASINS CAT can be
exported to a file for use elsewhere. For instance, a user may wish to use a modified
temperature or precipitation time series with a model external to BASINS. This section can
also be performed using record adjustments other than those shown here.

Note that scenarios composed of multiple record adjustments to a single time series, e.g., a
temperature record receiving different adjustments for each season of the year, cannot be
viewed or saved until an HSPF model run has been made.

This section illustrates how to view and save individual record adjustments. Each individual
record adjustment made during a BASINS CAT application can be viewed and saved from
the Climate Data tab.

1. Begin this exercise by selecting one of the record adjustments shown on the Climate
Data tab.

; Climate Assessment Tool - O] x|

File Edit Options Help

Climate Data |AssessmentEndpoints| Fesults Tablel Pivot Tahle

Base Scenario |C:\BASINS‘-,d ataiClimate\base.uci

MNew Scenario |M0dified

Add | Remavel Edit | Wiew | Preparedl vl "|

| Increase Precip Multiphy 1.2

[ Seasonal Precip Multiphy 1.2 konth: Jun Jul Aug

[ Partial Precip Multiphy 0.8 Water vear: 1986

[ Starm Intensity Intensify 10

[ Storm Freguency AddBEwvents 10 Month: Mar Apr bay

[ Temperature Add 2

[ Termp Cool Season Add 2 Month: Jan Feb Mar Apr Now Dec
[ Temp Warm Season Add 4 bMonth: May Jun Jul Aug Sep Oct
[ Partial Termp Add 3'Water Year 1956

[ Synthetic Temp Add from 0to 3 step 1

[ Synthetic Precip Multiphy from 110 1.3 step 0.1

Start | Total iterations selected = 1 (0:09) Flot |
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2. Next, click the View button and a listing of the modified data set will be displayed.
: Timeseries List = |EI |i|
File Edit Yiew Analysis Help
History 1 from base.wdm il
Constituent HPRECIP
Id 105
hdin 0
hdEx 3.072
Mean 0.0057734
1855/12/31 08:00 0

1855/12/31 10:00
1855/12/31 11:00
1855/12/31 12:00
1855/12/31 13:00
1855/12/31 14:00
1855/12/31 15:00
1855/12/31 16:00
1855/12/31 17:00
1855/12/31 18:00
1855/12/31 19:00
185512731 20:00
1855/12/31 21:00
1955/12731 22:00
1955/12731 23:00
1955/12/31 24:00
1956/01/01 01:00
1956/01/01 02:00
1956/01/01 03:00
1956/01/01 04:00
1956/01/01 03:00
1956/01/01 08:00
1956/01/01 07:00
1956/01/01 03:00
1956/01/01 03:00
1956/01/01 10:00
1956/01/01 11:00
1956/01/01 12:00

-
4| | 3

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

o O o0 o o0 o0 o000 o0 o000 oo oo oooooo
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4.

E. Timeseries_List.txt - Notepad
Ble Edit Format ¥iew Help

(=1

Timeseries List

History 1 from base.wdm
Constituent HPRECIP

Id 105

Min o]

Max 3.072

Maan 0.0057794
1955712431 09:00
1955/12/31 10:00
1955712431 11:00
1955/12/31 12:00
1955/12/31 13:00
1955/12/31 14:00
1955/12/31 15:00
1955/12/31 16:00
1955/12/31 17:00
1955712431 18:00
1955/12/31 19:00
1955/12/31 20:00
1955/12/31 21:00
1955/12/31 22:00
1955/12/31 23:00
1955/12/31 24:00
1956/01/01 01:00
1956/01/01 02:00
1956/01/01 03:00
1956,/01/01 04:00
1956,/01/01 05:00
1956/01/01 06:00
1956/01/01 07:00
1956/01/01 08:00
1956/01/01 09:00

ool e e oo o e e e o o e e e e e e e e o e e e e R

To end this exercise, close the Time series List form.
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