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 “And it never failed that during the dry years the people forgot about the rich years, and during the wet years they 
lost all memory of the dry years. It was always that way.” John Steinbeck, East of Eden, 1952 
 
Summary: According to the Intergovernmental Panel on Climate Change (IPCC), human-caused 
climate change influences the global hydrological cycle in the context of significant natural climate 
variability. Influences on drought “are mostly related to heat and moisture exchanges, and are also 
partly modulated by plant coverage and physiology. They affect, for instance, atmospheric 
humidity, temperature, and radiation, which in turn affect precipitation and/or evapotranspiration 
in some regions and time frames.”1 However, the IPCC does not express high confidence in the 
detection or attribution of trends in drought to human influences in any region of the world, 
including the United States, and does not expect to observe with high confidence for many decades 
the signal of human-caused climate change in drought metrics. Such fundamental uncertainty has 
implications for climate mitigation and adaptation, as well as for scientific integrity.  
 
Four Take-Home Points 
 
1. My testimony today focuses on what the IPCC Sixth Assessment Report (AR6) Working 

Group 1 concluded about the detection and attribution of trends in drought at the global level 
and for the United States, for three types of drought: meteorological, hydrological, and soil 
moisture deficits (which the IPCC calls agricultural/ecological drought). 

2. At the global scale, the IPCC AR6 has not detected or attributed trends in any of the three types 
of drought for any region with high confidence (i.e., 8 in 10 chance). For the United States, the 
IPCC AR6 has only low confidence (i.e., 2 in 10 chance) in detected or attributed trends in all 
three types of drought for all regions, except Western North America where it has medium 
confidence (i.e., 5 in 10 chance) in the detection and attribution of trends in 
agricultural/ecological drought. 

3. Looking to 2100, at the global scale the IPCC AR6 does not expect that a signal of trends in 
drought will emerge in any region with high confidence (i.e., 8 in 10 chance). For the United 
States, the IPCC AR6 has only low confidence (i.e., 2 in 10 chance) that a signal of trends in 
drought will emerge from the background of natural variability in all three types of drought for 
all regions, except Western and Central North America where it has medium confidence (i.e., 
5 in 10 chance) in signal emergence for agricultural/ecological drought (and hydrological 
drought in WNA) at a 2° Celsius temperature increase from an 1850-1900 baseline. 

4. To be clear, I emphasize explicitly and unequivocally that human-caused climate change poses 
significant risks to society and the environment, and that various policy responses in the form 
of mitigation and adaptation are necessary and make good sense.  

 
1 IPCC AR6 Working Group 1, Chapter 11, p. 1570 
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The remainder of my written testimony elaborates on these four take-home points. 
 
1. My testimony today focuses on what the IPCC Sixth Assessment Report (AR6) Working Group 

1 concluded about the detection and attribution of trends in drought at the global level and for 
the United States, for three types of drought: meteorological, hydrological, and soil moisture 
deficits (which it calls agricultural/ecological drought). 

 
The IPCC was established in 1988 by the World Meteorological Organization and United Nations 
Environment Program “to provide governments at all levels with scientific information that they 
can use to develop climate policies.”2 Scientific assessment of climate change research is necessary 
because of the enormous volume of research – according to Google Scholar more than 330,000 
papers were published on climate change in 2023 alone.3 If the IPCC did not exist, we would need 
to create it. 
 
The IPCC is an institution charged with producing scientific assessments. The organization is 
comprised of hard-working and intelligent people who reflect a spirit of public service. They are 
also humans, and the IPCC is of course fallible. The findings and associated expressions of 
confidence and certainty that the IPCC reports in its assessment reports are snapshots in time and 
reflect the evolution of understandings.4 My and my colleagues peer-reviewed research has been 
cited by all three Working Groups of the IPCC. With respect to the IPCC Working Group 1 
assessments of the literature on extreme events in my areas of expertise, with few exceptions, the 
IPCC has consistently done an overall excellent job accurately reflecting the scientific literature. 
 
The IPCC assesses peer-reviewed literature on climate change across its three Working Groups: 

• Working Group I -- The Physical Science Basis 
• Working Group II -- Impacts, Adaptation and Vulnerability 
• Working Group III -- Mitigation of Climate Change 

 
My testimony today focuses on what IPCC Working Group 1 of AR6 concluded with respect to 
the detection and attribution of trends in drought at the global level and for the United States, and 
its expectations for future detection and attribution. 
 
Under the IPCC framework for detection and attribution, detection is defined as: 
 

“Detection of change is defined as the process of demonstrating that climate or a system 
affected by climate has changed in some defined statistical sense, without providing a 
reason for that change. An identified change is detected in observations if its likelihood of 
occurrence by chance due to internal variability alone is determined to be small, for 
example, <10%.” 

 
2 https://www.ipcc.ch/about/  
3 https://scholar.google.com/scholar?q=climate+change&hl=en&as_sdt=0%2C6&as_ylo=2023&as_yhi=2023  
4 Some have used the IPCC assessment reports to try to police expert discourse on climate – suggesting that views at 
variance to those of the IPCC are illegitimate. Science advances because views are challenged, especially consensus 
views. There are many excellent scientists whose views are at odds with certain findings of the IPCC, and these views 
are perfectly legitimate-- including widely-respected scientists such as James Hansen and Judith Curry. 

https://www.ipcc.ch/about/
https://scholar.google.com/scholar?q=climate+change&hl=en&as_sdt=0%2C6&as_ylo=2023&as_yhi=2023
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Attribution is defined as: 
 

“the process of evaluating the relative contributions of multiple causal factors to a change 
or event with an assessment of confidence.”5 

 
We know that global average surface temperatures have increased – detection – and that the 
overwhelming reason for that increase is increasing carbon dioxide from the burning of fossil fuels 
(among other factors) – attribution – because of IPCC’s detection and attribution framework. 
 
Detection and attribution are also fundamental to the IPCC’s definition of climate change: 
 

“A change in the state of the climate that can be identified (e.g., by using statistical tests) 
by changes in the mean and/or the variability of its properties and that persists for an 
extended period, typically decades or longer. Climate change may be due to natural internal 
processes or external forcings such as modulations of the solar cycles, volcanic eruptions 
and persistent anthropogenic changes in the composition of the atmosphere or in land use. 
Note that the United Nations Framework Convention on Climate Change (UNFCCC), in 
its Article 1, defines climate change as: ’a change of climate which is attributed directly or 
indirectly to human activity that alters the composition of the global atmosphere and which 
is in addition to natural climate variability observed over comparable time periods’. The 
UNFCCC thus makes a distinction between climate change attributable to human activities 
altering the atmospheric composition and climate variability attributable to natural 
causes.”6 

 
Drought is a more challenging type of extreme to achieve detection and attribution of trends than, 
say hurricanes or tornadoes, because it can be defined and measured in many different ways in the 
context of significant natural climate variability. Detecting and attributing trends in drought 
impacts is even more challenging.7  
 
The Fifth U.S. National Climate Assessment (2023) explained,  
 

“Drought is such a complex phenomenon that it is a challenge to even define what it is: 
more than 150 different definitions have appeared in the scientific literature.”8 

 
The IPCC AR6 defines drought as: 
 

 
5 https://apps.ipcc.ch/glossary/  
6 Few are aware that the IPCC and UN FCCC utilize different definitions of climate change. These different definitions 
create challenges for climate policy. See: Pielke Jr, R. A. (2005). Misdefining “climate change”: consequences for 
science and action. Environmental Science & Policy, 8(6), 548-561. 
7 See our early work on the time of emergence for the detection of trends in extreme events and their impacts: 
Crompton, R. P., Pielke, R. A., & McAneney, K. J. (2011). Emergence timescales for detection of anthropogenic 
climate change in US tropical cyclone loss data. Environmental Research Letters, 6(1), 014003. 
8 https://nca2023.globalchange.gov/chapter/2/  

https://apps.ipcc.ch/glossary/
https://nca2023.globalchange.gov/chapter/2/
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“periods of time with substantially below-average moisture conditions, usually covering large 
areas, during which limitations in water availability result in negative impacts for various 
components of natural systems and economic sectors.”9 

 
And explains: 
 

“. . . drought cannot be characterized using a single universal definition (Lloyd- Hughes, 2014) 
or directly measured based on a single variable . . .” 
 

IPCC AR6 WG1 Chapter 11 on “Weather and Climate Extreme Events in a Changing Climate” 
emphasizes three types of drought, and the Chapter specifically (emphasis added), 
 

“assesses changes in meteorological drought, agricultural and ecological droughts, and 
hydrological droughts. Precipitation-based indices are used for the estimation of changes 
in meteorological droughts, such as the Standardized Precipitation Index (SPI) and the 
number of consecutive dry days (CDD). Changes in total soil moisture and soil moisture-
based drought events are used for the estimation of changes in agricultural and ecological 
droughts, complemented by changes in surface soil moisture, water-balance estimates 
(precipitation minus ET), and SPEI-PM and PDSIPM. For hydrological droughts, changes 
in low flows are assessed, sometimes complemented by changes in mean streamflow.”10 
 

The IPCC utilizes specific terminology to express its confidence in its findings:11 
 

 
 
With this context and background, I next turn to what the IPCC AR6 Working Group 1 findings 
with respect to detection and attribution of drought trends and its current view of the prospects 
for future detection and attribution.  

 
9 IPCC AR6 WG1 Chapter 11, p. 1570 
10 IPCC AR6 WG1 Chapter 11, p. 1572 
11 https://archive.ipcc.ch/publications_and_data/ar4/wg1/en/ch1s1-6.html  

https://archive.ipcc.ch/publications_and_data/ar4/wg1/en/ch1s1-6.html
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2. At the global scale, the IPCC AR6 has not detected or attributed trends in any of the three 
types of drought for any region with high confidence (i.e., 8 in 10 chance). For the United 
States, the IPCC AR6 has only low confidence (i.e., 2 in 10 chance) in detected or attributed 
trends in all three types of drought for all regions, except Western North America where it has 
medium confidence (i.e., 5 in 10 chance) in the detection and attribution of trends in 
agricultural/ecological drought. 

 
The concepts of detection and attribution of often confused in the media and in political settings. 
Climate varies on all time scales, independent of any human influences. Consequently, trends may 
be observed in climate variables, but which reflect variability and not a change in climate. Further, 
the identification of a trend does not answer questions of causation.  

 
For instance, the three graphs 
displayed to the left show one metric 
of meteorological drought -- 
Standardized Precipitation Index, 
SPI12 – and displays the combined 
U.S. areal extent of extreme (D3) and 
exceptional drought (D4) for three 
different periods resulting in three 
different trends: down, up, and flat. 
 
Top: 1933 to 2024, U.S. drought 
decreased by almost half. 
 
Middle: 1981 to 2024, U.S. drought 
almost doubled 
 
Bottom: 1895 to 2024, no trend 
 
It would be a mistake to look at any 
one of these time series and conclude 
that climate change is making drought 
less common, more common, or has 
no effect on drought. 
 
The IPCC considers multiple metrics 
of observed drought and modeling of 
drought dynamics in performing its 
assessment of a vast literature to 
arrive at its findings and associated 
levels of confidence in those findings. 
 

 
 

12 These data are from the National Oceanic and Atmospheric Administration: https://www.drought.gov/historical-
information  

https://www.drought.gov/historical-information
https://www.drought.gov/historical-information
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The IPCC AR6 synthesized its assessment of the detection and attribution of trends in drought as 
follows (italics in original, quantification of expressed confidence in brackets has been added): 
 

In summary, human influence has contributed to increases in agricultural and ecological 
droughts in the dry season in some regions due to increases in evapotranspiration (medium 
confidence [5 in 10 chance]). The increases in evapotranspiration have been driven by 
increases in atmospheric evaporative demand induced by increased temperature, decreased 
relative humidity and increased net radiation over affected land areas (high confidence [8 
in 10 chance]). There is low confidence [2 in 10 chance] that human influence has affected 
trends in meteorological droughts in most regions, but medium confidence [5 in 10 chance] 
that they have contributed to the severity of some single events. There is medium 
confidence [5 in 10 chance] that human-induced climate change has contributed to 
increasing trends in the probability or intensity of recent agricultural and ecological 
droughts, leading to an increase of the affected land area. Human-induced climate change 
has contributed to global-scale change in low flow, but human water management and land-
use changes are also important drivers (medium confidence [5 in 10 chance]).13 

 
For most of the contiguous U.S. the IPCC AR6 expressed low confidence (i.e., a 2 in 10 chance) 
in observed trends in drought or a human contribution, with the exception of soil moisture deficits 
in Western North America, where it expressed medium confidence (i.e., 5 in 10 chance) of an 
increase with a human contribution and Central North American where it expressed medium 
confidence (i.e., 5 in 10 chance) of a decrease in drought, but low confidence (i.e., 2 in 10 chance) 
and limited evidence for a human contribution. The IPCC’s conclusions are summarized in the 
figure below, from its Table 11.21. 
 

 
Figure: Top left table summarizes IPCC conclusions for observed trends, bottom left table for a 
human contribution. The top right image shows AR6 IPCC regions. And the Bottom right table 
shows IPCC confidence terminology. 
 

 
13 IPCC AR6 WG1 Chapter 11, p. 1579 
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The Fifth U.S. National Climate Assessment (2023) did not adopt the detection and attribution 
framework of the IPCC.14 However, the Fourth U.S. National Climate Assessment (2017) did 
utilize the IPCC detection and attribution framework and concluded of the detection and attribution 
of trends in drought in the United States: 
 
 Chapter 3, Detection and Attribution of Climate Change15 

“While by some measures drought has decreased over much of the continental United 
States in association with long-term increases in precipitation, neither the precipitation 
increases nor inferred drought decreases have been confidently attributed to anthropogenic 
forcing.” 

 
Chapter 8, Droughts, Floods, and Wildfire16 
“In summary, there has not yet been a formal identification of a human influence on past 
changes in United States meteorological drought through the analysis of precipitation 
trends. Some, but not all, U.S. meteorological drought event attribution studies, largely in 
the “without detection” class, exhibit a human influence. Attribution of a human influence 
on past changes in U.S. agricultural drought are limited both by availability of soil moisture 
observations and a lack of subsurface modeling studies. While a human influence on 
surface soil moisture trends has been identified with medium confidence, its relevance to 
agriculture may be exaggerated. . .” 

 
These conclusions are consistent with those of the IPCC AR6 Working Group 1. 

 
As the IPCC has consistently failed to achieve detection and attribution of trends with high 
confidence in most types of extreme events (the exceptions being extreme temperatures and heavy 
precipitation), some researchers have offered “event attribution” as an alternative to the IPCC’s 
framework for detection and attribution.17  
 
Most such studies are not in the peer-reviewed literature and the IPCC AR6 did not express high 
confidence in these approaches as related to drought, explaining: 
 

“As different methodologies, models and data sources have been used for the attribution of 
precipitation deficits, Angélil et al. (2017) re-examined several events using a single analytical 
approach and climate model and observational datasets. Their results showed a disagreement 
in the original anthropogenic attribution in a number of precipitation deficit events, which 
increased uncertainty in the attribution of meteorological droughts events.”18 

 
Methodologies of event attribution remained debated in the scientific literature and have yet to 
replace the IPCC’s detection and attribution framework.19  

 
14 The decision by the US NCA to abandon the IPCC detection and attribution framework is baffling. I have argued 
that the report “is much more a glossy promotional brochure than anything resembling a careful assessment of the 
scientific literature on climate change and the United States.” See: https://rogerpielkejr.substack.com/p/original-sin  
15 https://science2017.globalchange.gov/chapter/3/  
16 https://science2017.globalchange.gov/chapter/8/  
17 See https://crsreports.congress.gov/product/pdf/R/R47583  
18 IPCC AR6 Working Group 1, Chapter 11, p. 1578 
19 For more discussion, see: https://rogerpielkejr.substack.com/p/how-to-be-a-smart-consumer-of-climate  

https://rogerpielkejr.substack.com/p/original-sin
https://science2017.globalchange.gov/chapter/3/
https://science2017.globalchange.gov/chapter/8/
https://crsreports.congress.gov/product/pdf/R/R47583
https://rogerpielkejr.substack.com/p/how-to-be-a-smart-consumer-of-climate
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3. Looking to 2100, at the global scale the IPCC AR6 does not expect that a signal of trends in 
drought will emerge in any region with high confidence (i.e., 8 in 10 chance). For the United 
States, the IPCC AR6 has only low confidence (i.e., 2 in 10 chance) that a signal of trends in 
drought will emerge from the background of natural variability in all three types of drought 
for all regions, except Western and Central North America where it has medium confidence 
(i.e., 5 in 10 chance) in signal emergence for agricultural/ecological drought (and 
hydrological drought in WNA) at a 2° Celsius temperature increase from an 1850-1900 
baseline. 

 
The IPCC AR6 concludes: 
 

“[T]here is limited evidence of drought trends emerging above natural variability in the 
21st century.”20 

 
The AR6 further concludes, looking both at observations and projections: 
 

“There is low confidence in the emergence of drought frequency in observations, for any 
type of drought, in all regions. Even though significant drought trends are observed in 
several regions with at least medium confidence (Sections 11.6 and 12.4), agricultural and 
ecological drought indices have interannual variability that dominates trends, as can be 
seen from their time series (medium confidence) (H. Guo et al., 2018; Spinoni et al., 2019; 
Haile et al., 2020; M. Wu et al., 2020). Studies of the emergence of drought with systematic 
comparisons between trends and variability of indices are lacking, precluding a 
comprehensive assessment of future drought emergence.”21 

 
For most of the contiguous U.S. the IPCC AR6 expressed low confidence in projected trends in 
drought or a human contribution, with the exception of:  
 

• Soil moisture deficits in Central North America, where it expressed medium confidence 
(i.e., 5 in 10 chance) of an increase under a 1.5° Celsius temperature increase from an 1850-
1900 baseline; 

• Soil moisture deficits in Western and Central North American where it expressed medium 
confidence (i.e., 5 in 10 chance) of an increase under a 2° Celsius temperature increase 
from an 1850-1900 baseline; 

• Hydrological drought in Western North America where it expressed medium confidence 
(i.e., 5 in 10 chance) of an increase under a 2° Celsius temperature increase from an 1850-
1900 baseline 

 
The IPCC’s conclusions are summarized in the figure below, from its Table 11.21. 
 

 
20 IPCC AR6 WG1 Chapter 12, p. 1770 
21 IPCC AR6 WG1 Chapter 12, p. 1855 
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Figure: Top left table summarizes IPCC conclusions for projections at a 1.5° Celsius temperature 
increase from an 1850-1900 baseline, bottom left table for projections at a 2° Celsius temperature 
increase from an 1850-1900 baseline. The top right image shows AR6 IPCC regions. And the 
Bottom right table shows IPCC confidence terminology. 
 
The IPCC also summarizes its findings for detection, attribution, and future projections in its Table 
11.A.2 for four types of extreme: hot extremes (HOT EXT.), heavy precipitation (HEAVY 
PRECIP), agricultural and ecological droughts (AGR./ECOL. DROUGHTS), and hydrological 
droughts (HYDR. DROUGHT).  
 
The potion of the table summarizing results for Wester, Central, and Eastern North America is 
shown below. 
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Apart from hot extremes and heavy precipitation, the IPCC AR6 has low confidence (i.e., a 2 in 
10 chance) in the detection (OBS) and attribution (ATTR.) of trends in drought (except agricultural 
and ecological drought in WNA with medium confidence (i.e., a 5 in 10 chance).  
 
Note that the IPCC determined that expressing any level of confidence was appropriate in 
projected trends in drought at all future warming levels above a 1995 to 2014 baseline. To place 
the future temperature levels above a 1995 to 2014 baseline into context, they are about 1° Celsius 
above the values of the pre-industrial baseline.22 For instance, 1.5° Celsius above a 1995 to 2014 
baseline is about the same as 2.5° Celsius above a pre-industrial baseline and 2° Celsius above a 
1995 to 2014 baseline is about the same as 3° Celsius above a pre-industrial baseline.  
 
Under a “current policies” approach, the U.N FCCC concluded in 2023 the world is presently on 
track for a temperature increase in 2100 “in the range of 2.1–2.8 °C [above a pre-industrial 
baseline] depending on the underlying assumptions.”23  
 

 
22 The different baselines are discussed in IPCC AR6 Working Group 1 Chapter 1, Section 1.4.1.  
23 https://unfccc.int/ndc-synthesis-report-2023 This is consistent with our research as well: Pielke Jr, R., Burgess, M. 
G., & Ritchie, J. (2022). Plausible 2005-2050 emissions scenarios project between 2 and 3 degrees C of warming by 
2100. Environmental Research Letters. 

https://unfccc.int/ndc-synthesis-report-2023
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Under currently expected global temperature changes to 2100, as shown above in the excerpt from 
Table 11.A.2 the IPCC does express at any confidence level how drought may change across U.S. 
regions as compared to the recent past (i.e., 1995 to 2014). 
 
The IPCC further underscores this conclusion in its AR6 Working Group 1 Table 12.12, shown in 
full below. Note that for drought, signal emergence does not occur to 2100, even under the extreme 
and implausible RCP8.5 scenario.24 
 
 

 
 
Table 12.12 | Emergence of CIDs [Climate Impact Drivers] in different time periods, as 
assessed in this section. The colour corresponds to the confidence of the region with the highest 
confidence: white cells indicate where evidence is lacking or the signal is not present, leading to 
overall low confidence of an emerging signal.   

 
24 On the implausibility of RCP8.5 see: Ritchie, J., & Dowlatabadi, H. (2017). Why do climate change scenarios return 
to coal?. Energy, 140, 1276-1291, Pielke Jr, R., Burgess, M. G., & Ritchie, J. (2022). Plausible 2005-2050 emissions 
scenarios project between 2 and 3 degrees C of warming by 2100. Environmental Research Letters, and Burgess, M. 
G., Ritchie, J., Shapland, J., & Pielke, R. (2020). IPCC baseline scenarios have over-projected CO2 emissions and 
economic growth. Environmental Research Letters, 16(1), 014016. 
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4. To be clear, I emphasize explicitly and unequivocally that human-caused climate change poses 
significant risks to society and the environment, and that various policy responses in the form 
of mitigation and adaptation are necessary and make good sense.  

 
The IPCC has for more than 35 years through its Working Group 1 provided routine assessments 
of the physical science aspects of climate change.25 The IPCC recently initiated its 7th assessment 
cycle. These assessments have documented consistently that changes in climate have been detected 
and attributed to human causes, notably the emission of carbon dioxide and other greenhouse 
gases, and that these changes pose risks to society and the environment.  
 
My views on the importance of climate policy have been similarly consistent for almost three 
decades of research and writing. My 1994 PhD dissertation was on how the U.S. federal 
government might structure scientific research under the U.S. Global Change Research Program 
to most effective contribute to the development of climate mitigation and adaptation policies.26 
 
I have also long supported the work of the IPCC. For instance, in 2006 I testified before the House 
of Representatives on the significance of the finding of the then-current IPCC assessment:  
 

“. . . on this basis alone I am personally convinced that it makes sense to take action to limit 
greenhouse gas emissions. Of course, the answer to what action is not at all straightforward. 
It involves questions of on what time scales, at what cost, with what consequences, with 
what foregone opportunities, and what mix of adaptation and mitigation.”27  

 
Making sense of such complexities is one reason why the provision of expert advice to Congress, 
the administration, and the federal agencies is so important. 
 
Climate science is indeed complex and nuanced. It is essential that institutions such as the IPCC 
implement strong institutional practices that eliminate the possibility of advocacy capture and 
maintain the ability to accurately represent the evolving scientific literature on climate. 
 
For a deeper elaboration of my views on the science and policy of climate, please see my book 
The Climate Fix (2010). Nothing in this testimony should be interpreted as downplaying the 
importance of climate change or policy responses to it.  
 
In fact, the issue of climate change is so important that we should expect nothing less than the 
absolute highest standards of scientific integrity in research and the information being provided to 
policymakers. 
 
  

 
25 https://www.ipcc.ch/  
26 Pielke Jr, R. A. (1995). Usable information for policy: an appraisal of the US Global Change Research 
Program. Policy Sciences, 28(1), 39-77. 
27 https://www.govinfo.gov/content/pkg/CHRG-109hhrg29932/html/CHRG-109hhrg29932.htm  

https://www.ipcc.ch/
https://www.govinfo.gov/content/pkg/CHRG-109hhrg29932/html/CHRG-109hhrg29932.htm
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