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General Circulation Models (GCMs)
and Regional Climate Models

(RCMs)

the atmosphere, ocean, cryosp
surface

* The most advanced tools currently available for

simulating the response of the global climate
system to increasing greenhouse gas
concentrations
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Schematic for Global
Atmospheric Model

GCMs depict the climate using a three
dimensional grid over the globe, typically
having a horizontal resolution of between 250
and 600 km
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Intergovernmental Panel on

Climate Change (IPCC)

http://www.ipcc.ch/

IPCC gives guidance on developing scenarios
and conducting climate change impact

assessments.

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



http://www.ipcc.ch/
http://www.ipcc-data.org/
http://www.ipcc-data.org/
http://www.ipcc-data.org/
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Criteria for Selecting Climate
Scenarios

- Applicability in impact assessments

* Representation of data
© Accessibility




or Impacts and Climate Analysis

Three different types of scenarios

Synthetic

Analogue
Model-based




Example: user-driven adjustments of historical
temperatures by 1, 2, 3, and 4°C and historical
precipitation by 5, 10, 15, and 20% could be applied in
various combinations to create synthetic change
scenarios.
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Analogue Scenarios

- These records can be obtained either from the
past (temporal analogues) or

from a different region at the present time

(spatial analogues).
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Model-based Scenarios

Simulate the response of the global climate
system to increasing greenhouse gas

concentrations.
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Scenario Components

CAT
imposes no
constraints
on the type

Increased precip during winter months and
magnitude

Decreased precip during summer of changes
months made.

Uniform annual increase in air
temperature
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Monocacy Watershed Case
Study
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http://www.cara.psu.edu/)

CARA provided spatially referenced data from

climate modeling experiments using seven
GCM models



http://www.cara.psu.edu/
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Scenario Analysis
Monocacy Case Study

Model-based scenarios - created by applying
change statistics (deltas) from each CARA
model projection to an user-defined base

period of historical, hourly temp and precip
data (1984 to 2000) from 8 NCDC weather
stations
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Record Adjustments

- Partial record - affects only a selected set of
years with the historical time period
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Precipitation and Temperature
Adjustments

Anvy one or
y one o -

more of
these types
of
adjustments
can be
combined to Selective adjustments
create more .
Tl Example: temp and precip from

Sl e different locations within a

stations

change watershed are modified

scenarios

independently
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Five Options for Adjusting

Precipitation
- Adjustments
are for
. amount, NOT

: , type of
Modify partial record precipitation.

HSPF uses air

Represent storm intensification oD

Add or remove storm events determine
type.
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Full Record Multiplier

adjustments.

Example of a relevant analysis: Evaluate the impact

of a uniform 20% increase in precipitation on
watershed endpoints.
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i Option 2:

Seasonal Multiplier

month or any combination of months.

Example of a relevant analysis: Evaluate the impact on
watershed endpoints of a uniform 20% seasonal increase

in precipitation during the months of June, July, and
August for each year of the record.
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Option 3:
Partial Record Modification

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




s Option 4:

Represent Storm Intensification

the impact of a 10% increase of annual
precip occurring within the largest 20%
(defined by total storm volume) of the
storms or only in events that are among

the lowest 9o% defined by total storm
volume.

The Synoptic
Analysis Tool
available
within
BASINS can
be used to
characterize
precipitation
events.
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Add or Remove Storm Events

Example of a relevant analysis: Evaluate the impact
of increasing precip volume by 10% by adding
randomly-timed rainfall events with an average

intensity greater than o.1 inches per hour.
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Three Options for Adjusting
Temperature

Whenever an
adjustment is
made to a
historical air
specific season temperature,
. the potential
partial record PET record

must be

regenerated.




Option 1:
Full Record

Example of a relevant analysis: Evaluate the impact of a
uniform 2°C increase in air temp on watershed

endpoints.




Option 2:
Specified Season

Example of a relevant analysis: Evaluate the impact on
watershed endpoints of a uniform 2°C increase in air
temperature during the cool months (November

through April) and a uniform 4°C increase during the
warm months (May through October)
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Partial Record

Example of a relevant analysis: Evaluate the effect that a
uniform increase of 3°C has on drought conditions

occurring within the driest water year contained within
the simulation period.




n

=

ONSULTANTS

i BT,

e
]

i

a o :

T

o

3L PR

%

Using CAT with other Models

the HSPF model.

Multiple adjustments record --
complete an HSPF model run first,

then export resulting record as ASCII
files.
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Creating a Climate Scenario
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Climate Data Tab

Select existing
input time
series

Make record
adjustments

#_climate Assessment Tool - 0| x|

File Edt Options Help

Climate Data |Assessment Endpaoints | Fesults Table | Pivot Table

Base Scenario |C:\EHASINS\data‘-,CIimate‘-,base.uc:i

Mew Scenario IMDdified

Acdd | Remwel Edit | U= | Preparedl
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. Modify Existing Data =10l x| Examp]e Record

Modification Marne: |Increase Frecip
o
Existing Data to Modify:  |OBSERVED UPMARLER HFRECIP Wi Ad ustment 1 L]
g a 4' .
Compute PET: |<Click to specity PET to replaces Wiew |

Haow to badify:

[~ Mumber to multiply existing data b Apply Multiplier
P to Full Record

: Climate Assessment Tool = |EI |i|
—Events Fle Edt OCptions Help
™ Wary precipitation anly in the following Events

Climate Data |Assessment Endpointsl Results Tablel Pivot Table

Base Scenario |C:\EIASINS\data\CIimate\base.uci

MNew Scenario IMDdified

Add Removel Edit | Wiew | Prepared | v| . |

—Camsons [l Increase Precip Multiphy 1.2

™ “ary anly in selected

Ok Cancel | Start | Taotal iterations selected = 1 (0:09) Flot |
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1 Modify Existing Data N ] 3

Madification MName: [Seasonal Precip Examp]e

Existing Data to todit,:  |OESERVED UFMARLER HFRECIF e e
e — Record Adjustment 2:
Compute PET: |<click to specify FET to replace» Wiy ] o

Howe to bodify: IMuItipIy Existing Values by a Mumber LI

Apply Seasonal Multiplier

& Singla Change ¢ lterate Changes

“alue |1 2 multiplication factor

- Climate Assessment Tool ;IEIiI
—Ewvents

File Edit Options Help
I “ary precipitation anly in the fallowing Events

Climate Data |Assessment Endpoints | Fesults Table | Fivot Table

Base Scenario IC:\BASINS\d atah Climateihase.uci

MNesw Scenario |M0dified

Add | Remuvel Edit | i | Preparedl v| "|

—Seasons

¥ “ary only in selected  [Months LI

Jan
Feb
hdar

jalg
i any Oct

All MNane |
Ok | Cancel | Start | Total iterations selected = 1 (0:04) Plot |

4
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% Modify Existing Data =ax] Exampl e

Modification Marne: |St0rm Intensity

LY
Existing Data to Modify: |OEISERVED UFMMARLBR HFRECIF Wigw | Record Ad)ustment 3 .
e
Compute PET: |<click to specify PET to replaces Wiew |

How to Madify: [Add/Remove Volume in Extreme Events v | Represent Storm

—FPercent Change in Yalume

| Intensification

- Climate Assessment Tool ;lglil

[ Eveni Fle Edt Options Help
¥ “fary precipitation anly in the following Events Change |20| % ofwalume

Hourly intensity abowe ID.1 infhr
Base Scenario
Allow gaps up o IU hours

Total volume above Iu inches Mew Scenario |M0dn‘|ed

Total duration ahove IU haurs Add Removel Edit | Wiewy | Preparedl v| Al

Il Increase Precip Multiphs 1.2

vl Seasonal Precip Multiphy 1.2 baonth: Jun Jul Aug
[l Partial Precip kMultiply 0.8 Water Year, 1986

[l Starm Intensity Intensify 10

Climate Data |Assessment Endpaoints | Fiesults Tahle | Fivot Table

IC:\,BASINS\data‘-,CIimate\base.uci

—Seasons

[~ Wary only in selected

Ok Cancel | Start | Tatal iterations selected = 1 (0:09) Flot |
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1 Modify Existing Data

hodification Marne: |Temperature

Existing Data to Modify: IOEISERVED BELTSWVIL AIRTKMF

Compute PET: IOBSEFWED BELTSVILPET

How to Modify: IChange Temperature

[]

=lof x|

Example
= Record Adjustment 4:

Degrees to add to each existing temperature walue

& Singla Change ¢ lterate Changes

Yalue |2| degrees

Add a Constant

#_climate Assessment Tool - 0| x|

F|Ie Edit Cptions Help

Events

™ “ary precipitation anly in the following Events

Climate Data |AssessmentEndpDintS| Fesults Tablel Fivot Takla

Base Scenario IC:\BASINS\data\CIimate\base.uc:i

MNew Scenario IMDdified

Add Remuvel Edit | iew | Preparedl \.fl "|

vl Increase Precip Multiphy 1.2

Seasons

™ “ary only in selected

Wl Seasonal Precip Multiply 1.2 Month: Jun Jul Aug

vl Partial Precip Multiphy 0.8 Water Year: 1986

bl Starm Intensity Intensify 10

bl Storm Freguency AddBEvents 10 Month: bMar Apr May
[l Temperature Add 2

Ok

| Start | Total iterations selected = 1 (0:09) Plot |
Cancel

4
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% Modify Existing Data - o] x|
hodification Marne: ISynthetic Temp
Existing Data to bodify: IOEISER\’"ED BELTSWIL AIRTHF e |
Compute PET: IOBSER\"'ED BELTSWIL FET Wiy |
Hiow to Madify: IChange Temperature =]

Degrees to add to each existing temperature value

" Single Change & Iterate Changes

Minimurm ID degrees
keEximum: |3| degrees
Increment: |1 Increase this much each iteration fram Minirmurm

Ewvents

™ Wary precipitation anly in the fallowing Events

Seasons

™ “ary only in selected

Example
Record Adjustment 5:
Iterative Changes

~. Climate Assessment Tool ;Iglil

File Edit Opftions Help

Climate Diata |Assessment Endpoints | Results Table | Fivot Table

Base Scenario  |CABASINS\dataiClimateibase.uci

MNew Scenaro IMDdified

Add Remuvel Edit | Wi | Preparedl v| “|

[ Seasonal Precip Multiphy 1.2 Month: Jun Jul Aug ;I
lw| Partial Precip Multiply 0.8 YWWater ear: 1986

[ Starm Intensity Intensify 10

[ Starm Freguency AddEwents 10 Maonth: Mar Apr bay

[ Temperature Add 2

[ Temp Cool Season Add 2 Month: Jan Feb Mar Apr Mow Dec
[ Temp Warm Season Add 4 Month: bas Jun Jul Aug Sep Oct
lw| Partial Temp Add 3 Water vear: 1986

| Symthetic Temp Add from 0to 3 step 1 I

Cik Cancel |

Start | Total iterations selected = 4 (0:3E) Flot |




o Constructing a
Climate Change Scenario

= climate Assessment Tool - O] x|

File Edit Optons Help

Climate Data |AssessmentEndpDint5| Results Tablel Pivot Takle

Base Scenatrio |C:"I.EFASINSHdatahCIimatehbase.uci

Mew Scenano IMDdified

Add | Remuvel Edit | Wienw | Preparedl vl ’“l

vl Increase Precip bultiphy 1.2
[] 5easonal Precip Multiphy 1.2 bonth: Jun Jul Aug

[] Partial Precip Multiphy 0.8 \Water Y'ear: 1986

[ Starm Intensity Intensify 10

[ Starm Freguency AddBEwents 10 kMonth: Mar Apr May
™| Temperature Add 2
[1 Temp Cool Season Add £ Month: Jan Fekb Mar &pr Mow Dec
[ Temp Warm Season Add 4 Manth: Masy Jun Jul Aug Sep Oct
[1 Partial Temp Add 3 Water Year; 1986

otart | Taotal terations selected =1 (0:09)
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Exercise C1 and C2
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Exercise C1
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Exercise C2




