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Plains.17, 21 Since the early 1980s (Figure 6.4), there 
is suggestive evidence of a slight increase in the 
intensity of heat waves nationwide14 as well as 
an increase in the concurrence of droughts and 
heat waves.22

Changes in the occurrence of record-setting 
daily temperatures are also apparent. Very 
generally, the number of record lows has 
been declining since the late-1970s while the 
number of record highs has been rising.23 By 
extension, there has been an increase in the 
ratio of the number of record highs to record 
lows (Figure 6.5). Over the past two decades, 
the average of this ratio exceeds two (meaning 
that twice as many high-temperature records 
have been set as low-temperature records). 
The number of new highs has surpassed the 
number of new lows in 15 of the last 20 years, 
with 2012 and 2016 being particularly extreme 
(ratios of seven and five, respectively). 

6.2 Detection and Attribution
6.2.1 Average Temperatures
While a confident attribution of global tempera-
ture increases to anthropogenic forcing has been 
made,24 detection and attribution assessment 
statements for smaller regions are generally 
much weaker. Nevertheless, some detectable 
anthropogenic influences on average tempera-
ture have been reported for North America and 
parts of the United States (e.g., Christidis et al. 
2010;25 Bonfils et al. 2008;26 Pierce et al. 200927). 
Figure 6.6 shows an example for linear trends 
for 1901–2015, indicating a detectable anthropo-
genic warming since 1901 over the western and 
northern regions of the contiguous United States 
for the CMIP5 multimodel ensemble—a condi-
tion that was also met for most of the individual 
models.28 The Southeast stands out as the only 
region with no “detectable” warming since 1901; 
observed trends there were inconsistent with 
CMIP5 All Forcing historical runs.28 The cause 

Figure 6.5. Observed changes in the occurrence of record-setting daily temperatures in the contiguous United States. 
Red bars indicate a year with more daily record highs than daily record lows, while blue bars indicate a year with more 
record lows than highs. The height of the bar indicates the ratio of record highs to lows (red) or of record lows to highs 
(blue). For example, a ratio of 2:1 for a blue bar means that there were twice as many record daily lows as daily record 
highs that year. Estimates are derived from long-term stations with minimal missing data in the Global Historical Clima-
tology Network–Daily dataset.16 (Figure source: NOAA/NCEI).
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New generation of emissions scenarios

In the lead up to the IPCC’s Sixth Assessment Report new scenarios have been developed to more systematically explore key 
uncertainties in future socioeconomic developments

Five Shared Socioeconomic Pathways (SSPs) have been developed to explore challenges to adaptation and mitigation.
Shared Policy Assumptions (SPAs) are used to achieve target forcing levels (W/m2). Marker Scenarios are indicated.

Source: Riahi et al. 2016; IIASA SSP Database; Global Carbon Budget 2017



URGENT EMISSIONS CUTS
To put the carbon budget numbers in 

context, we can compare them with current 

rates of emissions.

We see from Table 2 that reducing 

emissions is urgent: at current rates of 

emissions, the carbon budget for a likely 

chance of limiting warming to 2°C will be 

fully exhausted by 2037, and by 2025 for a 

medium chance at 1.5°C.

For the world to stay within either of these 

temperature limits, rapid emissions cuts 

are required. Figure 1 shows a range of 

scenarios for emissions pathways that 

would lead to achieving the likely chance of 

2°C or medium chance of 1.5°C outcomes. 

For 2°C, emissions need to reach net zero 

by around 2070, and for 1.5°C they must do 

so by 2050 – and in both cases they must 

fall steeply, starting immediately. 

Note that these scenarios assume that 

“negative emissions” technology will occur 

in the second half of the century, through 

approaches such as bioenergy with carbon 

capture and storage or direct air capture. If 

we want to avoid depending on unproven 

technology becoming available, emissions 

would need to be reduced even more 

rapidly.

2°C 1.5°C 

Post-2015 Budget (GtCO2) 843 393

Current Global Emissions (GtCO2)
17 39.2 39.2

Years Remaining at Current Rate 21.5 10.0

Year Exhausted at Current Rates 2037 2025

Table 2: Global Carbon Budgets for Likely Chance of 2°C and Medium Chance of 1.5°C, in context

Figure 1: Range of Global Emissions Pathways in Scenarios Consistent with Likely Chance of 2°C or Medium Chance of 1.5°C18
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ENOUGH ALREADY
The Paris Agreement aims to help the world avoid the worst effects of climate change 

and respond to its already substantial impacts. The basic climate science involved is 

simple: cumulative carbon dioxide (CO
2
) emissions over time are the key determinant 

of how much global warming occurs.a This gives us a finite carbon budget of how much 

may be emitted in total without surpassing dangerous temperature limits. 

We consider carbon budgets that would give a likely (66%) chance of limiting global 

warming below the 2°C limit beyond which severe dangers occur, or a medium (50%) 

chance of achieving the 1.5°C goal. Fossil fuel reserves – the known below-ground 

stocks of extractable fossil fuels – significantly exceed these budgets. For the 2°C or 

1.5°C limits, respectively 68% or 85% of reserves must remain in the ground.

This report focuses on the roughly 30% of reserves in oil fields, gas fields, and coal 

mines that are already in operation or under construction. These are the sites where 

the necessary wells have been (or are being) drilled, the pits dug, and the pipelines, 

processing facilities, railways, and export terminals constructed. These developed 

reserves are detailed in Figure ES-1, along with assumed future emissions from the two 

major non-energy sources of emissions: land use and cement manufacture. 

We see that – in the absence of a major change in the prospects of carbon capture and 

storage (CCS):b 

Y  The oil, gas, and coal in already-producing fields and mines are more than we can 

afford to burn while keeping likely warming below 2°C.

Y  The oil and gas alone are more than we can afford for a medium chance of keeping 

to 1.5°C.
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Figure ES-1: Emissions from Developed Fossil Fuel Reserves, Plus Projected Land Use and Cement Manufacture

Sources: Rystad Energy, International Energy Agency (IEA), World Energy Council, Intergovernmental Panel on Climate Change (IPCC)

a The carbon budgets approach does not apply to other greenhouse gases, whose effects are factored into the calculation of carbon budgets in the form of 
assumptions about their future emissions.

b CCS has not been successfully deployed at scale despite major efforts, and there are doubts as to whether it will ever be affordable or environmentally safe.
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48 | Wind Technologies Market Report 

Source: Berkeley Lab 

Figure 40. Reported wind turbine transaction prices over time 

Overall, these figures suggest price declines of as much as 50% since late 2008. Moreover, these 
declines have been coupled with improved turbine technology (e.g., the recent growth in average 
hub heights and rotor diameters shown in Chapter 4) and, in some cases, more favorable terms 
for turbine purchasers (e.g., reduced turbine delivery lead times and less need for large frame-
agreement orders, longer initial O&M contract durations, and more-stringent performance 
guarantees). These turbine price trends have exerted downward pressure on total project costs 
and wind power prices, whereas increased rotor diameters and hub heights are improving 
capacity factors and further reducing wind power prices. At the same time, it is important to 
acknowledge that these comparisons are to a peak in the market in terms of turbine pricing, 2008. 
Looking farther back in time, one observes that turbine prices have only recently fallen to levels 
that approach those experienced in the early 2000s.  

Lower turbine prices have driven reductions in reported installed project costs  

Berkeley Lab also compiles data on the total installed cost of wind power projects in the United 
States, including data on 54 projects completed in 2016 totaling 7,135 MW, or 87% of the wind 
power capacity installed in that year. In aggregate, the dataset (through 2016) includes 880 
completed wind power projects in the continental United States totaling 70,897 MW and 
equaling roughly 86% of all wind power capacity installed in the United States at the end of 
2016. In general, reported project costs reflect turbine purchase and installation, balance of plant, 
and any substation and/or interconnection expenses. Data sources are diverse, however, and are 
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