
Intergovernmental Panel on 
Climate Change (IPCC)

• Established 1988 under 
UN Environment 
Programme and the 
World Meteorological 
Organization

• Reviews (“assesses”) 
scientific research and 
periodically reports to 
national governments

• Fifth Assessment Report 
(AR5) 2013

• Sixth Assessment Report 
(AR6) coming out now

• Authoritative

• Conservative!

• Written in “Officialese” 
(therefore hard to read & 
understand!)



IPCC: Three Working Groups
• WG 1: Physical 

Science Basis 
(“Simple”)

• WG2: Impacts, 
Adaptation, 
Vulnerability 
(“Serious”) 

• WG3: Mitigation 
(“Solvable”)













Future 
Climate 

Scenarios



Climate Scenario Workflow
People

Demography/Population
Economic Development
Policy
CO2 & GHG Emissions Radiation

CO2 & other gases
Solar radiation in
IR radiation out

Climate
Atmosphere
Oceans
Land

Impacts
Sea levels
Agriculture
Economic damages



Scenario Names
• Called Representative Concentration 

Pathway (“RCP”) in IPCC AR5

– Future pathway of CO2 & other 
greenhouse gases that derived by social 
scientists from a set of self-consistent 
assumptions

– Named for radiative forcing (W m-2) in 
2100

– Each requires emissions to peak at 
different years in the future

• Renamed Shared Socioeconomic Pathways 
(“SSP”) in IPCC AR6 

– SSPs have two numbers: warming 
(Celsius) and forcing (W m-2) in 2100

“RCP 4.5”

“SSP3-45”



2020

2040

2070

2150
• Not predictions …

“what if” 
experiments

• None are more or 
less likely

• Depends on 
economics and 
policy (politics)

• Emissions peak in 
– 2020 (RCP2.6)

– 2040 (RCP4.5) 

– 2070 (RCP6.0) 
– 2150 (RCP8.5)

Emission Scenarios





How much warmer?



How much warmer?



Sea Ice Changes



• Land vs Oceans
• N vs S
• Arctic!

2.5 C = 4 F 6 C = 10 F

Interior North 
America
• 4 F with low 

emissions
• 10 F with high 

emissions!



Where is it 10o F Warmer

Seattle è
Sacramento

Denver è
Albuquerque

Madisonè
Memphis

Washington DC è
Tallahassee

Water? Crops?    
Real Estate?     Health?

“on average?”

10 oF warming is like moving 
600 – 800 miles South!



Zones Marching Up

• In Colorado, temps drop about 10 F for 
each 3000 feet of elevation
– Denver -> Estes Park
– Estes Park -> Trail Ridge Road

• But in 100 years instead of 100 centuries!



Drought and 
Water Stress



What is Drought?

• Drought doesn’t just happen when it doesn't 
rain enough

• Also depends on evaporation losses and our 
ability to tap stored water in wells and 
reservoirs
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Drought Drivers
For soil moisture or hydrological droughts, the main drivers are reduced precipitation and/or increased evapotranspiration (Figure 3-9).
Although the role of deficits in precipitation is generally considered more prominently in the literature, several drought indicators also
explicitly or indirectly consider effects of evapotranspiration. In the context of climate projections, analyses suggest that changes in
simulated soil moisture drought are mostly driven by changes in precipitation, with increased evapotranspiration from higher vapor pressure
deficit (often linked to increased temperature) and available radiation modulating some of the changes (e.g., Burke and Brown, 2008;
Sheffield and Wood, 2008a; Orlowsky and Seneviratne, 2011). It should nonetheless be noted that under strong drought conditions, soil
moisture becomes limiting for evapotranspiration, thus limits further soil moisture depletion. Other important aspects for soil moisture
and hydrological droughts are persistence and pre-conditioning. Because soil moisture, groundwater, and surface waters are associated
with water storage, they have a characteristic memory (e.g., Vinnikov et al., 1996; Eltahir and Yeh, 1999; Koster and Suarez, 2001;
Seneviratne et al., 2006b) and thus specific response times to drought forcing (e.g., Begueria et al., 2010; Fleig et al., 2011). The memory

is also a function of the atmospheric forcing and system’s feedbacks
(Koster and Suarez, 2001; A.H. Wang et al., 2009), and the relevant
storage is dependent on soil characteristics and rooting depth of
the considered ecosystems. This means that drought has a different
persistence depending on the affected system, and that it is also
sensitive to pre-conditioning (Figure 3-9). Effects of pre-conditioning
also explain the possible occurrence of multi-year droughts, whereby
soil moisture anomalies can be carried over from one year to the
next (e.g., Wang, 2005). However, other features can induce
drought persistence, such as persistent circulation anomalies,
possibly strengthened by land-atmosphere feedbacks (Schubert et
al., 2004; Rowell and Jones, 2006). The choice of variable (e.g.,
precipitation, soil moisture, or streamflow) and time scale can
strongly affect the ranking of drought events (Vidal et al., 2010).

Drought Indices
Because of the complex definition of droughts, and the lack of soil moisture observations (Section 3.2.1), several indices have been
developed to characterize (meteorological, soil moisture, and hydrological) drought (see, e.g., Heim Jr., 2002; Dai, 2011). These indicators
include land surface, hydrological, or climate model simulations (providing estimates of, e.g., soil moisture or runoff) and indices based
on measured meteorological or hydrological variables. We provide here a brief overview of the wide range of drought indices used in the
literature for the analysis of recent and projected changes. Note that information on paleoclimate proxies such as tree rings,
speleothems, lake sediments, or historical evidence (e.g., harvest dates) is not detailed here.

Some indices are based solely on precipitation data. A widely used index is the Standard Precipitation Index (SPI) (McKee et al., 1993;
Lloyd-Hughes and Saunders, 2002), which consists of fitting and transforming a long-term precipitation record into a normal distribution
that has zero mean and unit standard deviation. SPI values of -0.5 to -1 correspond to mild droughts, -1 to -1.5 to moderate droughts,
-1.5 to -2 to severe droughts, and below -2 to extreme droughts. Similarly, values from 0 to 2 correspond to mildly wet to severely wet
conditions, and values above 2 to extremely wet conditions (Lloyd-Hughes and Saunders, 2002). SPI can be computed over several time
scales (e.g., 3, 6, 12, or more months) and thus indirectly considers effects of accumulating precipitation deficits, which are critical for
soil moisture and hydrological droughts. Another index commonly used in the analysis of climate model simulations is the Consecutive
Dry Days (CDD) index, which considers the maximum consecutive number of days without rain (i.e., below a given threshold, typically
1 mm day-1) within a considered period (i.e., year in general; Frich et al., 2002; Alexander et al., 2006; Tebaldi et al., 2006). For seasonal
time frames, the CDD periods can either be considered to be bound to the respective seasons (e.g., Figure 3-10) or considered in their
entirety (across seasons) but assigned to a specific season. Though SPI and CDD are both only based on precipitation, they do not
necessarily only consider the effects of meteorological drought, since periods without rain (thus less cloud cover) are bound to have
higher daytime radiation forcing and generally higher temperatures, thus possibly positive evapotranspiration anomalies (unless soil
moisture conditions are too dry and limit evapotranspiration). 

Some indices reflect both precipitation and estimates of actual or potential evapotranspiration, in some cases also accounting for some
temporal accumulation of the forcings or persistence of the drought anomalies. These include the Palmer Drought Severity Index (PDSI)

Precipitation deficit
(meteorological drought)

Evapotranspiration

Pre-event soil moisture, 
surface water, and/or 
groundwater storage

Critical soil moisture deficit
(soil moisture drought)

Critical streamflow and 
groundwater deficit

(hydrological drought)

Figure 3-9 | Simplified sketch of processes and drivers relevant for meteorological,
soil moisture (agricultural), and hydrological droughts.

Continued next page



Precipitation Changes



Water Budgets

In Out

Drought is the running sum 
of  water out minus water in

Evaporative demand increases w/ temperature



Changes in Soil Moisture



Land Drying Out



Sea Level & 
Coastal Flooding





Global Mean Sea Level



What Happens to 
the CO2?



Historical 
Sources & 

Sinks of CO2

Sources:
• Fossil fuel combustion ~ 90%
• Deforestation ~ 10%

Sinks:
• Atmosphere ~ 50%
• Oceans ~ 25%
• Land ~ 25% (varies!)  

Where it 
came from

Where 
it went



Influences



Linearity! AMAZING!

Warming 
scales almost 
perfectly with 
total historical 
emissions 
across a 
gigantic range 
of scenarios

2 C per 
1000 GtC



“Zero Emission 
Commitment” 

ZEC

• Intercomparison of 
ESMs forced with zero 
emissions ZEC-MIP

• NO  WARMING “IN 
THE PIPELINE”



CO2 Stabilization Trajectories
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1.5o is still alive 
because sinks are 
expected to persist!



Implications
• Every kg of carbon ever burned in all of 

history warms climate by the same amount

• When emissions stop, 
warming will stop almost immediately

• Warming is essentially permanent
(without negative emissions)

• Negative emissions will 
only be about 50% effective



Emissions peak soon

CO2 Lasts Much Longer

Zero emissions 
from 2300 for all 
scenarios

1500 ppm 
in 3000 AD!



Warming is “permanent”

Bigger than 
Deglaciation

But 50x as fast!
You 
are here


































