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T
he Fifth Assessment Report (AR5) of the United Nations (UN) 

Intergovernmental Panel on Climate Change (IPCC) is being 

released in four parts between September 2013 and November 

2014, superseding the 2007 Fourth Assessment Report (AR4) 

as the most comprehensive review of climate science and policy. 

The First Assessment Report (FAR) emerged after the IPCC was established 

in 1988 by the World Meteorological Organization and the United Nations 

Environment Programme. These entities were given the task of preparing a 

report on all aspects of climate change and its impacts in order to inform 

development of practical response strategies. 

After its 1990 release, the FAR exposed the need for international coop-

eration and spurred creation of the UN Framework Convention on Climate 

Change (UNFCCC), the key international treaty to guide greenhouse gas 

(GHG) reduction (referred to as climate change mitigation) and provide a 

framework for managing consequences of nonreduction (referred to as cli-

mate-change adaptation). Since 1995 regular assessments have been released 

along with a number of special scientific reports. The previous report (AR4) 

was released in 2007. 

These assessment reports and related updated scientific publications assist 

national governments in their communications with the UNFCCC and help 

them review their GHG emissions and plans for mitigation, potential impacts, 

and adaptation. 

ASSESSMENT REPORTS 

(ARs) FROM THE  

UNITED NATIONS 

INTERGOVERNMENTAL 

PANEL ON CLIMATE 

CHANGE HAVE BEEN A 

COMPREHENSIVE SOURCE 

OF INFORMATION FOR 

VARIOUS ENTITIES SINCE 

1990, GUIDING POLICIES, 

STRATEGIES, PLANNING, 

AND ATTITUDES RELATING  

TO CLIMATE CHANGE; THE 

AUTHORS COMPARE AR4 

OF 2007 AND AR5, WHICH 

IS BEING RELEASED IN 

FOUR PARTS.
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Recently released and forthcoming 

AR5 reports contain more extensive 

information on climate change’s 

socioeconomic impacts and thus its 

role in sustainable development. The 

report’s features include a new set of 

scenarios applied across three work-

ing groups: 

• Working Group I: The Physical 

Science Basis (released and available 

on the IPCC website)

• Working Group II: Impacts, 

Adaptation and Vulnerability 

(released Mar. 31, 2014, and avail-

able on the IPCC website)

• Working Group III: Mitigation 

of Climate Change (approved and 

Summary for Policy Makers available 

as of April 14 on the IPCC website)

Additional activities include a task 

force on GHG inventories, a synthe-

sis report that will integrate science 

from the three working-group 

reports, and special reports issued 

through AR5 and previous assess-

ment cycles. Specifically written for 

policymakers, government officials, 

government advisors, and experts, 

the jargon-free and accessible synthe-

sis report will not be released until its 

adoption, expected in late October in 

Copenhagen, Denmark. In the United 

States, the IPCC reports have sup-

ported a series of national climate 

assessments (NCAs) issued by the US 

Global Change Research Program. 

The Draft Third NCA Report, sup-

ported in part by data from IPCC 

AR5, was released for comment in 

early 2013 and is being finalized. 

DIFFERENCES IN AR4 AND AR5 
MODEL RESULTS

General circulation models (GCMs), 

also known as global climate models, 

are mathematical models of either the 

atmosphere or ocean and have been a 

substantial part of the assessment pro-

cess since 1990. The number of cli-

mate-science modeling groups produc-

ing GCMs has increased markedly 

during successive IPCC assessments, 

from five groups generating eight 

models for the FAR in 1990 to 27 

groups producing 61 models for AR5.

These models represent the natural 

(physical, chemical, and biological) 

processes of the atmosphere, ocean, 

cryosphere, and land surface and are 

the most sophisticated available for 

simulating effects of increased GHG 

concentrations on the global climate 

system. Over time there has also been 

an expansion in modeled variables, 

including both the marine and atmo-

spheric environment. For AR5, many 

models generate daily climate elements 

(e.g., maximum, minimum, and mean 

temperatures and precipitation). 

For example, only 12 AR4 GCMs 

produced daily precipitation out-

puts; with AR5, more daily datasets 

support improved modeling of 

extreme rainfall events. Previously, a 

location’s monthly rainfall could 

show a drying signal in contrast to 

increased intensity and frequency of 

daily rainfall events. Few groups had 

managed to develop effective meth-

ods for extracting meaningful infor-

mation on extreme events using 

fewer daily GCM datasets. More 

than 20 GCMs (of the current 61) 

have all the necessary data for post-

processing and integration with 

extreme-rainfall-event models for 

Using Integrated Modeling Software 
and GCMs to Determine Climate Change Effects
Climate change is “any system-

atic change in the long-term statis-

tics of climate elements (such as 

temperature, pressure, or winds) 

sustained over several decades or 

longer” (AMS, 2012). Because this 

change is predominantly driven by 

greenhouse gas emissions such as 

carbon dioxide and methane largely 

associated with burning fossil fuels, 

assumptions about how much car-

bon (emissions) is being added to 

the carbon cycle is necessary to 

assess potential effects on Earth’s 

environment. The Intergovernmen-

tal Panel on Climate Change (IPCC, 

2013) developed four representative 

concentration pathways (RCPs). The 

four RCPs—RCP2.6, RCP4.5, RCP6.0, 

and RCP8.5—are named after a 

possible range of radiative forcing 

values in the year 2100 relative to 

preindustrial values (+2.6, +4.5, +6.0, 

and +8.5 W/m2, respectively). Rela-

tive to the base period 1986–2005, 

RCP8.5 (the highest emissions sce-

nario, equivalent to AR4 A1FI), the 

IPCC published a projected warming 

of 3.7°C (2.6–4.8°C range) by 2100. 

Unfortunately, the global community 

is on track to exceed this emissions 

target and temperature of 2.0°C, 

which is considered a potential tip-

ping point. Only RCP2.6 will result in 

a 1.0°C (0.3–1.7°C range) warming by 

2100 (IPCC, 2013b).

General circulation models 

(GCMs) that describe the relation-

ships between and dynamics of 

oceans and the atmosphere that 

together create our global climate 

are important fundamental tools 

used to assess changes in climate. 

Various research institutes develop 

their own models and report results 

for agreed inputs (such as RCP8.5) 

on a publicly accessible website 

(CMIP5). Various methods are then 

used to downscale these data-

sets to enhance resolution to more 

regional and local scales for appli-

cation in climate-risk assessments. 

SimCLIM 20131 is integrated model-

ing software that ingests many of 

these downscaled datasets using 

the median (the 50th percentile, not 

the average) to generate ensemble 

results. Use of the median eliminates 

more extreme model results, provid-

ing a more balanced perspective of 

climate change for the locales in 

question across the range of GCM 

projections.
1SimCLIM 2013; CLIMsystems, Hamilton, N.Z.
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risk assessments and the 40 models 

that can generate spatial scenarios. 

This data enrichment adds infor-

mation for tools applied to real-

world problems and improves the 

statistical significance of results. The 

IPCC advises that an ensemble or 

combination of models be applied 

when using GCM data (Stocker et al, 

2010). The ensemble approach 

reduces model-specific bias, thereby 

providing the best available repre-

sentation of projected climate change 

(Knutti et al, 2010). 

Global scenario parameters are 

needed to generate GCM results. 

Before AR5, the Special Report on 

Emission Scenarios (SRES) contained 

storylines (IPCC, 2000) that 

described this information. The FAR 

was driven by analog and equilib-

rium scenarios for impact assessment 

that included business-as-usual (as 

well as policy) scenarios. Forty SRES 

scenarios represented different 

assumptions on emissions based on 

economic growth, land use change, 

and other driving forces of climate 

change. This scenario list was refined 

to six families for application in risk 

assessments with the descriptors 

A1FI, A1B, A1T, A2, B1, and B2. 

In 2005, the SRES scenarios were 

replaced with representative concen-

tration pathways (RCPs; van Vuuren, 

2011a). RCPs replaced the SRES sto-

rylines with a more scientifically 

based approach to GCM scenario 

input. RCPs now include scenarios 

that explore approaches to climate 

change mitigation in addition to tra-

ditional “no climate policy” scenar-

ios. Table 1 provides an overview of 

RCPs; Figure 1 compares emission 

scenarios from AR4 and AR5.

OVERALL AR5 FINDINGS 
Change in precipitation distribution. 

Globally, AR5 model precipitation 

projections are similar to AR4’s; how-

ever, when ensemble medians of mod-

els are compared, some important 

geographic areas show significant dif-

ferences in GCM results. The models 

are based on data trending through 

the twenty-first century, represent-

ing a huge increase in data, although 

increased data do not necessarily 

lead to improved model performance 

(Knutti & Sedláĉek, 2013). 

Figure 2 compares the model 

agreement for change in precipita-

tion for the continental United States 

between AR4 (part A) and AR5 (part 

B) using 16 models for AR4 and 39 

for AR5. The figure highlights geog-

raphies that in general are becoming 

drier or wetter. Red values demon-

strate the percentage of the mod-

els agreeing that the precipitation 

will decrease from climate change. 

Therefore, a 50% contour-line value 

indicates that just as many models 

project a precipitation increase as 

project a precipitation decrease.

Although AR4 results have now 

been superseded by AR5 results, it 

is worthwhile to highlight the dif-

ferences for the United States 

because many current climate 

change policies and plans have been 

based on AR4 results. 

The AR4 image in Figure 2 has 

some 60% contour lines but no 70% 

line, which means that 60–70% of 

the model projections agree there is 

a likelihood of drier conditions. The 

40% boundary stretches from the US 

Pacific Northwest to the Southeast, 

Recently released and forthcoming AR5 reports 

contain more extensive information on climate 

change’s socioeconomic impacts and thus its role 

in sustainable development.

TABLE 1 Overview of RCPs 

Description CO2 Equivalent SRES Equivalent Publication—IA Model

RCP8.5 Rising radiative forcing pathway leading to 
8.5 W/m2 in 2100

1,370 A1FI Raiahi et al, 2007—MESSAGE

RCP6.0 Stabilization without overshoot pathway to 
6 W/m2 in 2100

850 B2 Fujino et al, 2006; Hijioka et al, 
2008—AIM

RCP4.5 Stabilization without overshoot pathway to 
4.5 W/m2 in 2100

650 B1 Clarke et al, 2006; Smith and Wigley 
2006; Wise et al, 2009—GCAM

RCP2.6 Peak in radiative forcing at ~ 3 W/m2 before 
2100 and decline

490 None van Vuuren et al, 2007; van Vuuren 
et al, 2006—IMAGE 

Sources: van Vuuren et al, 2011b; Moss et al, 2010; Rogeli et al, 2012

CO2—carbon dioxide, IA–integrated assessment, RCP—representative concentration pathway, SRES—Special Report on Emissions Scenarios

B1, B2, and A1Fl are descriptors of families in a scenario list used in risk assessments.

RCP2.6, RCP4.5, RCP6.0, and RCP8.5 are named after a possible range of radiative forcing values in the year 2100 relative to preindustrial values (+2.6, +4.5, +6.0, and 
+8.5 W/m2, respectively). 
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where 60–70% of the model projec-

tions agree that conditions are likely 

to get wetter. 

Applying AR5 models changes this 

message. The highest value in the AR5 

image is the 50% contour (in the 

southern states). Because there is no 

60% contour, this means that now 

between only 50 and 60% of the 

models project a drying in these areas 

(which also means that 40–50% of 

the models project an increase in pre-

cipitation). Moving north and west, 

the agreement for drier conditions 

declines to values of 30–40%, indicat-

ing that 60–70% of the model projec-

tions agree that conditions could get 

wetter. The diagonal zones depicted 

with AR4 are no longer visible. In the 

US Midwest the message is less clear 

because the area between 40 and 50% 

drier has become much wider.

What are the differences between 

AR4 and AR5, and what do these 

differences mean?

• For most of the United States, a 

minority of the models (< 50%) now 

(with AR5) indicate drier conditions, 

implying that a majority (> 50%) indi-

cate wetter conditions. This applies to 

the average weather conditions. 

Extreme events are likely to become 

more extreme and more frequent 

everywhere in the United States.

• Under AR5, the highest agree-

ment for getting wetter is lower than 

under AR4; this represents more 

uncertainty that will need to be taken 

into consideration when planning. 

• Although the southeastern 

United States seems to have de -

creased potential to become drier, 

results for the Midwest represent a 

more uncertain future.

Comparing global AR4 and AR5 

patterns, the range of values for cli-

mate projections from AR5 is smaller 

than that from AR4; agreement 

among AR5 model output is better 

than among AR4 models, even 

though there are more AR5 models 

(40) than AR4 models (21). 

EXTREME TEMPERATURES 
AND PRECIPITATION

In AR4, the IPCC concluded (Sol-

omon et al, 2007) that climate 

change has begun to affect the fre-

quency, intensity, and duration of 

extreme events (i.e., extreme tem-

peratures, extreme precipitation, 

and  consequent  f loods  and 

droughts), some of which are pro-

jected to continue. A subsequent 

IPCC assessment (a special report 

on managing risks of extreme events 

to advance climate change adapta-

tion) confirms these assessments 

(Seneviratne et al, 2012). 

The ability of GCMs to reproduce 

extremes with different time scales is 

of great importance. In 1950 the 

researcher Arthur H. Jennings dis-

covered the relationship between the 

global maximum of precipitation 

and duration; since that time, his 

findings have been reinforced by 

numerous studies. Now the question 

is how the new models perform and 

how their results can be folded into 

decision-making.

Large uncertainties in modeling 

precipitation remain, especially 

over tropical and subtropical 

regions. Return periods for extreme 

precipitation are expected to 

shorten for much of the world 

except in some of the subtropics’ 

drying regions. A strong indicative 

trend is the shortening of 20-year 

return periods to 14, 11, and six 

years for RCPs 2.6, 4.5, and 8.5, 

respectively, by the end of the cen-

tury, compared with the historical 

1986–2005 period. 

In summary, AR5 and AR4 

extremes for temperatures and pre-

cipitation are in general agreement 

(Kharin et al, 2013). Annual precipi-

tation may show a decrease for many 
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AR4—Fourth Assessment Report, AR5—Fifth Assessment Report, CO2—carbon dioxide, 
GHG—greenhouse gas, IPCC—Intergovernmental Panel on Climate Change, RCPs—repre-
sentative concentration pathways, SRES—Special Report on Emission Scenarios 

B1, B2, A1B, A2, and A1Fl are descriptors of families in a scenario list used in risk assessments.

RCP2.6, RCP4.5, RCP6.0, and RCP8.5 are named after a possible range of radiative forcing values
in the year 2100 relative to preindustrial values (+2.6, +4.5, +6.0, and +8.5 W/m2, respectively). 

Currently the global atmosphere is close to 400 ppm. CO2 equivalents and concentrations of 
CO2 and non-CO2 gases are increasing at a rate that is of concern (Prinn, 2013). 

FIGURE 1 GHG scenarios from IPCC AR4 and AR5 CO2 concentration

AR5 RCP2.6
AR5 RCP4.5
AR5 RCP6.0
AR5 RCPW8.5

AR4 B1
AR4 B2
AR4 A1B
AR4 A2
AR4 A1F1
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locations; however, the intensity of 

extreme events is likely to increase. 

The expansion in the number of AR5 

GCM daily datasets permits the appli-

cation of ensembles with more GCM 

results than are provided in AR4. 

Although statistical analysis of uncer-

tainty across models has improved 

and can be quantified, uncertainty in 

certain regions and locations remains 

particularly high for precipitation 

(less so for temperature).

MARINE CHANGES: SURFACE 
TEMPERATURE, COOLING,  
AND DESALINATION

AR5 offers opportunities to model 

the marine environment and its wide 

range of biophysical ocean vari-

ables, improving AR4 ocean model 

shortcomings (Griffies et al, 2010; 

Mora et al, 2013). More than 40 

variables are available from limited 

GCM runs, and processing of some 

biogeochemical models is now avail-

able for application through a mod-

eling tool.1 The currently available 

variables include sea surface tem-

perature, net primary productivity of 

carbon by phytoplankton, dissolved 

nitrate concentration, dissolved oxy-

gen concentration, pH, dissolved 

phosphate concentration, total alka-

linity, dissolved iron concentration, 

and dissolved silicate concentration, 

all at the surface.

Much of the interest in these 

model data relates to sea surface 

temperature changes as they relate 

to cooling requirements for power 

plants cooled by seawater. Increas-

ingly, power plant shutdowns are 

occurring as sea surface tempera-

tures increase and the seawater 

cooling potential decreases (van 

Vliet et al, 2012). Similarly, changes 

in sea surface temperatures com-

bined with other biophysical char-

acteristics make it possible to model 

potential changes in algal bloom 

frequency (which can affect desali-

nation operations).

SEA LEVEL RISE
AR5 global mean sea level (MSL) 

rise for 2100 (relative to 1995) for 

the RCPs is projected in the follow-

ing 5–95% ranges:

• 28–61 cm (RCP2.6)

• 36–71 cm (RCP4.5)

• 38–73 cm (RCP6.0)

• 53–98 cm (RCP8.5)

Confidence in the projected ranges 

comes from model consistency in 

addition to observations and physi-

cal understanding. Current evidence 

is insufficient to evaluate the prob-

ability of specific levels above the 

likely range (IPCC, 2013a). It is 

unlikely that global MSL will exceed 

the previously listed ranges of levels 

by the end of the century unless there 

are substantial changes in the rate of 

melting of the Antarctic and Green-

land ice sheets. 

CASE STUDY: CLIMATE CHANGE 
IMPACTS ON EXTREME 
PRECIPITATION IN WASHINGTON, 
D.C., AND NORTHERN VIRGINIA 

Two Northern Virginia jurisdic-

tions, just outside Washington, D.C., 

were interested in understanding 

projected changes in extreme rain-

fall and how they might affect design 

criteria for urban drainage, storm-
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FIGURE 2  Comparison of  AR4 (A) and AR5 (B) model agreements for change in 

 precipitation for the continental United States

AR4—Fourth Assessment Report, AR5—Fifth Assessment Report

The red values correspond to the percentage of the models that agree that the precipitation
will decrease from climate change.
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water management, and floodplain 

management. Modeling software2 

was used to analyze climate variabil-

ity and change over a downscaled 

geographical area encompassing rain 

gauges in the Washington, D.C., and 

Northern Virginia regions and time 

frames from 2050 to 2100. One juris-

diction used 2011 AR4 data and the 

other used 2013 AR5 data. In both 

cases downscaled projections were 

based on long-term historical rainfall 

datasets for Ronald Reagan Washing-

ton National Airport.

The modeling software uses results 

produced by institutes around the 

world for AR4 and AR5 to examine 

changes in 24-hour total rainfall for 

return periods from two through 100 

years. Specifically in this case the soft-

ware used the results of an ensemble 

of 12 GCMs for the AR4 data and 22 

GCMs for the AR5 data. 

PROJECTIONS TO 2050 WITH 
MEDIUM GHG EMISSIONS 
SCENARIOS 

Figure 3 compares 24-hour total 

precipitation and corresponding 

return periods for the AR4 and 

AR5 projections in 2050 using a 

medium GHG emissions scenario 

RCP6.0, A1B and historical results 

from Reagan National Airport 

(1945–2012) for different return 

periods. Table 2 summarizes the 

percent change in the projected 

24-hour precipitation (relative to 

historical) for the 2050 projections 

with medium emissions scenarios. 

The comparisons show that AR4 

and AR5 projections are fairly con-

sistent for the medium emissions 

scenarios at 2050, though AR5 

projections are higher than AR4 at 

lower return intervals and lower at 

higher return intervals.

PROJECTIONS TO 2100 WITH HIGH 
GHG EMISSIONS SCENARIOS 

Figure 4 compares 24-hour total 

precipitation and corresponding 

TABLE 2 Comparison of 24-hour total rainfall projections in 2050 for medium-emission scenarios for AR4 and AR5 with 

historical estimates at Ronald Reagan Washington National Airport, Washington, D.C.

Return Year

Historical 
Rainfall 
inches

Medium-Emission Scenario Rainfall Projections 
(2050, Median of Ensemble GCMs)—inches Change From Historical—%

1945–2012 RCP6.0 2050 A1B 2050 RCP6.0 2050 A1B 2050

2 2.86 3.02 2.91 6 2

5 3.98 4.21 4.08 6 3

10 4.78 5.08 4.95 6 4

25 5.88 6.26 6.18 7 5

50 6.74 7.22 7.18 7 6

100 7.66 8.23 8.27 7 8

500 10.00 10.85 11.16 9 12

A1B—one of six descriptors in a scenario list used in risk assessment, AR—assessment report, GCM—general circulation model or global climate model,  
RCP—representative concentration pathway

RCP6.0 is named after a possible range of radiative forcing values in the year 2050 relative to preindustrial values (+6.0 W/m2). 

A1B—one of six descriptors in a scenario list used in risk assessment, AR4—Fourth 
Assessment Report, AR5—Fifth Assessment Report, GHG—greenhouse gas, RCP—
representative concentration pathway

RCP6.0 is named after a possible range of radiative forcing values in the year 2050 relative to 
preindustrial values (+6.0 W/m2). 

FIGURE 3 Historical and projected 24-hour precipitation and return periods 
 comparing AR4 and AR5 data for 2050 with medium GHG emissions 
 (ensemble median) at Ronald Reagan Washington National Airport, 
 Washington, D.C.

Return Period—years

P
re

c
ip

it
a
ti

o
n
—
in
c
h
e
s

12.0

10.0

8.0

6.0

4.0

2.0

2 5 10 25 50 100 500

Exceeds RCP6.0 2050 by 50%
Exceeds A1B 2050 by 50%
Ronald Reagan Washington National Airport 1945–2012

2014 © American Water Works Association



URICH ET AL  |   106 :6  •  JOURNAL AWWA |  JUNE 2014       57

return periods for the AR4 and AR5 

projections in 2100 using high-emis-

sions scenario RCP8.5, A1FI, and his-

torical data from Reagan National 

Airport (1945–2012). Table 3 sum-

marizes the percent change in the pro-

jected 24-hour precipitation (relative 

to historical) for the year 2100 pro-

jections with high GHG emissions 

scenarios. The comparisons in Figure 

4 and Table 3 show that AR5 projec-

tions are considerably higher than 

those for AR4 for the high GHG 

emissions scenarios for 2100. 

CONCLUSIONS
The IPCC AR5 has been released 

in stages with the Working Group I 

report, The Physical Science Basis, 

providing the public with a first offi-

cial glimpse at the science underpin-

ning climate change modeling. In 

general, there are no dramatic 

changes from previous models 

released in earlier assessment reports. 

However, there is a marked increase 

in the volume of data and a steady 

increase in the number of modeling 

groups providing their scientific per-

spectives to the modeling initiative. 

With AR5, the range of new models 

available for commonly modeled 

variables of temperature, precipita-

tion, and sea-level rise have been 

augmented by improved marine bio-

geochemical variables. The model 

range represented by AR5 is slightly 

narrower and the upper bounds for 

MSL rise are higher than in previous 

reports, so uncertainty remains an 

issue that must be managed by cli-

mate-data users. 

Although the number of modeled 

datasets has expanded and global 

trends are well modeled, ultimately 

it is local and regional GCM values 

that are most critical for water man-

agers. Because of the uncertainty in 

TABLE 3 Comparison of 24-hour total rainfall projections in 2100 for high-emission scenarios for AR4 and AR5 with 

historical estimates at Ronald Reagan Washington National Airport, Washington, D.C.

Return Year

Historical 
Rainfall 
inches

High-Emission Scenario Rainfall Projections 
(2100, Median of Ensemble GCMs)—inches Change From Historical—%

1945–2012 RCP8.5 2100 A1FI 2100 RCP8.5 2100 A1FI 2100

2 2.86 3.43 3.07 20 7

5 3.98 4.81 4.35 21 9

10 4.78 5.83 5.32 22 11

25 5.88 7.26 6.69 24 14

50 6.74 8.43 7.83 25 16

100 7.66 9.70 9.07 27 18

500 10.00 13.06 12.45 31 24

A1Fl—one of six descriptors in a scenario list used in risk assessment, AR—assessment report, GCM—general circulation model or global climate model,  
RCP—representative concentration pathway

RCP8.5 is named after a possible range of radiative forcing values in the year 2050 relative to preindustrial values (+8.5 W/m2). 

FIGURE 4 Historical and projected 24-hour precipitation and return periods 
 comparing AR4 and AR5 data for 2100 with high GHG emissions 
 (ensemble median) at Ronald Reagan Washington National Airport,
 Washington, D.C.

A1Fl—one of six descriptors in a scenario list used in risk assessment, AR4—Fourth Assessment 
Report, AR5—Fifth Assessment Report, GHG—greenhouse gas, RCP—representative 
concentration pathway

RCP8.5 is named after a possible range of radiative forcing values in the year 2100 relative to 
preindustrial values (+8.5 W/m2). 
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projections, it is critical that local 

and regional values are generated 

for application in risk assessments.

New methods continue to be 

developed for transforming AR5 

data into informative and useful 

information for planners, policy-

makers, and a wide range of stake-

holders. The links among climate 

modelers, those charged with down-

scaling and interpreting the data, 

and end users are being vigorously 

pursued. However, data are not 

equal to information; therefore, dif-

ferent user groups require commu-

nication within their working con-

text in order to achieve proper 

interpretation and to avoid jargon. 

Material and visualization outputs 

are needed for all stakeholder and 

client communications. Raw data 

must be transformed to express the 

climate change signal (increase or 

decrease), and risk levels explained 

through application of ensembles, 

web-based tools, hands-on regional 

and site-specific software, and other 

media. This is an exciting area 

because there is an ever-increasing 

demand for expertise in determining 

what climate change means for vari-

ous sectors. 

Clearly, uncertainty continues to 

influence climate change projections. 

Given current AR5 research and 

GCM results, water managers need 

methods to rapidly assess the bound-

aries of climate change impacts and 

risk on specific projects using GCM 

results. Various approaches for assess-

ing, addressing, and managing climate 

change uncertainty and effects on 

water planning and infrastructure will 

be the topic of a future report.
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Glossary 
GCM (general circulation model or 

global climate model): This model 

represents the physical processes in 

the atmosphere, ocean, cryosphere, 

and land surface and is the most 

advanced tool available for simulating 

the response of the global climate 

system to increasing greenhouse gas 

(GHG) concentrations.

National communications: A series 

of reports has been required for 

submission to the United Nations 

Framework Convention on Climate 

Change on the current status of 

signatory countries to the Kyoto 

Protocol. The reports document 

progress achieved on meeting the 

goals set out by the Conference of 

Parties to the Convention and include 

major sections on national GHG 

inventories and adaptation risk and 

planning across key sectors. To date 

there has been an uneven meeting of 

obligations to report across the two 

streams: Annex 1 (more developed) 

countries (41) and non-Annex 1 

countries (developing and least 

developed). For the latter there is no 

deadline for report submission. Some 

non-Annex 1 countries have yet to 

complete their  f irst  national 

communication while some Annex 1 

countries are preparing their sixth 

national communication, which was 

due Jan. 1, 2014.

RCP (representative concentration 

pathway): Each RCP defines a specific 

emissions trajectory and subsequent 

radiative forcing. Radiative forcing is a 

measure of the influence a factor has 

in altering the balance of incoming and 

outgoing energy in the earth–

atmosphere system, measured in watts 

per square metre. For example, RCP 2.6 

represents 3.0 W/m2 before the year 

2100, declining to 2.6 W/m2 after 2100. 

Reanalysis: This is a systematic 

approach to producing datasets 

for climate monitoring and re -

search. Reanalyses are created 

through an unchanging (frozen) data 

assimilation scheme and model(s) 

that ingest all available observations 

every 6–12 hours during the period 

being analyzed. This unchanging 

framework provides a dynamically 

consistent estimate of the climate 

state at each time step.

Signal (versus noise): Signal is the 

attribution of climate change as a 

result of human activities in contrast 

to the natural variability in the 

climate systems.

Uncertainty: Uncertainty plays a key 

role in policy formation because 

decisions often turn on the question 

of whether scientific understanding 

is sufficient to justify particular types 

of responses. 
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FOOTNOTES
1SimCLIM for ArcGIS/Marine add-in; 

   CLIMsystems, Hamilton, N.Z., and ArcGIS, 
   Esri, Redlands, Calif.

2 SimCLIM 2013; CLIMsystems, Hamilton, 
N.Z.
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