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Climate Science and Policy for Nonscientists

One picture is worth a thousand words.

Temperature Evaluation

2023 was the warmest year on record. What caused the warming? What is the significance? The
effect of warming (good or bad) depends on where and when the warming occurs. The world has
many different climate regions, and so the effects of warming and other climate change must be eval-

uated region by region.

Global average temperature change
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Figure 1 Global average temperature anomaly.

The graph above shows temperature
“anomalies,” which are the changes of tempera-
tures from some arbitrarily chosen baseline.
Such a presentation emphasizes the change. The
graph on the right shows actual temperatures
with the world warming from 57 Fto59 F (1 C=
1.8 F) from 1880 to 2020, an increase of less than
4% over 140 years. Such a presentation suggests
that the temperature change has been minimal.

Six major surface temperature datasets confirm
that 2023 was the warmest year “of record,”
which means, roughly, since 1850. The IPCC
concludes that temperatures have risen 1.1 C
from the preindustrial period to 2010-2020
(AR6, WGI p.5), and the world may have
warmed an additional 0.1 C since then. The
rate of actual measured warming since the late
1800s, ,when warming began, is fairly linear
and slightly less than 1 C per century.
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Despite the continued rising atmospheric
CO2 levels, the UAH (University of Ala-
bama Huntsville) satellite dataset shows
world temperatures flat from July 2015 to
March 2023. Since the UAH dataset reports
temperatures by month, it shows the month-
to-variations that other datasets do not gen-
erally show, and that can not be explained
by CO2 theory.
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The most recent UAH monthly report shows a
dramatic increase in the rate of world warming
starting in May 2023. A high was reached in
October and then a slight decline began. Scien-
tists agree that a significant cause is the current
strong El Nino, but other contributing factors
have been suggested, and, at present, there is no
agreement on the extent of their contributions.
But there has been no recent changes with re-
spect to CO2 or other greenhouse gases that
could possibly cause this rapid temperature rise
and then decline.

Atmospheric CO, (ppm)

Since 1960 atmospheric CO2 levels have been ris-
ing at a significant, mostly linear rate with some
recent increase. But the rate of world temperature
increase has slightly slowed since 2005. Compar-
ing the CO2 data and the temperature data since
1960 suggests that CO?2 is a significantly less pow-
erful greenhouse gas than claimed by the IPCC.

UAHYE global mean temperature change: 105 months July 2014 to March 2023
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The US government’s most accurate dataset
(NOAA'’s Climate Reference Network) shows US
temperatures flat from 2005 (when the dataset be-
gan) through early 2023 when a temperature spike
occurred.

UAH Satellite-Based
Temperature of the
Global Lower Atmosphere
(Version 6.0) 9
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The El Nino/La Nina, or ENSO (EI Nino South-
ern Oscillation), cycle has a profound effect on
Pacific Ocean temperatures and world atmos-
pheric temperatures. ENSO is just one of the
ocean climate cycles that affect world climate
by transferring heat back and forth between the
oceans and the atmosphere without any change
in total world heat content. This is not climate
change. It is an example of natural variability.

Model Predictions of ENSO from Jan 2024
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This UAH graph identifies prior strong El Ninos,
which cause a characteristic, short term tempera-
ture spike. Referring back to the prior UAH
graph, the 1997-8 spike drove up temperatures
from -0.2 to +0.6, an increase of 0.8 C. The pre-
sent spike is from +0.2 to +0.9, an increase of 0.7
C.
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The models agree that the current El Nino is in
decline and will vanish by summer. When a sta-
ble, post-El Nino temperature is established, that
will show whether or not there has been any real
global warming, or whether this spike has just
been a temporary transfer of heat energy from the
oceans to the atmosphere. Usually the oceans
(average temperature 39 F) are absorbing heat en-
ergy from the atmosphere (average temperature 59
F).

El Nifio and Rainfall

El Nifio conditions in the tropical Pacific are known to shift rainfal pattems in many different parts of the world. Although they vary somewhat from
one El Nifio to the next, the strongest shifts remain fairly consistent in the regions and seasons shown on the map below.

Wet Dry

The EI Nino has a profound effect on regional cli-
mates, as shown. In particular it brings torrential rains
to California, which are currently being reported and
blamed on climate change by politicians and by the
media. When ENSO switches to its cold El Nino
phase, it brings drought to California.
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California, Precipitation, January-December
—— Smoothed 1895-2013 Trend  — 1901-2000
Time Series -0.01%Decade Avg: 22.39"
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California suffers from a high degree of
weather variability due to the ENSO cycle,
which has nothing to do with climate change.
There is no significant upward or downward
trend in long term California precipitation.
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Boston’s hottest month is July, averaging 74 F. The coldest
month is January, averaging 29 F. The world has warmed 2 F
over the last century from 57 to 59 F. So 100 years ago those
Boston monthly highs and lows were 72 and 27 F, and 100
years in the future those numbers will be 76 and 31. This as-
sumes global warming has equal geographical and seasonal
distribution, and assumes the rate of warming remains the
same. The maximum average temperature in July 100 years in
the future will have increased from 82 to 84. World tempera-
ture change of less than 2 F per century is insignificant in rela-
tion to the present Boston seasonal temperature swing, which
is 45 F (January 29 F to July 74 F).
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The average daily maximum temperature in
May in New Delhi, India, now approaches 104
F. Yet the population of New Delhi has grown
from less than 16 million in the year 2000 to
now over 32 million. People adjust to hot
temperatures. People like hot temperatures.
In the US the net movement is from cold states
to hot states, such as Texas, Florida, Arizona,
and Nevada. When New Englanders move,

they move to warmer climates, not colder.

Percent Of Stations Reaching 95.0F (35.0C) Vs. Year 1895-2023
At All US Historical Chi K i
Red Line Is 10 Year Mean Average = 75.9
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In the US we tend to think of a 95 degree day as
a heat wave. The percentage of US stations re-

~
v

~
°

porting even a single such day is declining.
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EPA: Few Stations Show Increase in Hot Days

September 9, 2023

Decrease in # of hot days: 329 stations
+ v - Nochange in # of hot days: 534 stations
:_v_Increase in # of hot days: 203 stations
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In the US more stations are reporting a de-
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Warming in the US is not evenly distributed
geographically. In the East and Central parts
of the country there has been cooling, while
the Western parts and Maine have been
warming.

Seasonal Temperature Anomalies at individual stations (°C, black circles)
[y — BEST breakpoint-adjusted data, minimum 100 years per station, ~3,000 stations

BEST Global Average Temperature Anomalies (yellow squares)

Temperature anomaly per century (°F)
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The world average temperature conceals how much
variation there is among the over 3,000 reporting sta-

tions around the world. Nearly as many stations re-
port declining temperatures as report increasing tem-
peratures. Some stations report as much as 4 C (7 F)
less warming than average, and some stations report
as much as 4 C more warming than average. The
world average temperature, for example, says nothing
about the changes actually occurring in particular
places, such as Antarctica or Brazil or Canada. The

» ‘ ‘ ‘ effect of climate change is predominantly regional and
1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020 g p y g

must be evaluated on a regional basis.
Figure 2 Temperature anomalies at individual stations as well as the mean.

The average temperature of 9y Antarstc (60-85°5) e
Antarctica has not changed at
all over at least the last 40

years. The interior averages
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Surface air temperature December 2022 versus December last 10 yr
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ég’ But the Western edge of Antarctica as a

H subregion has been warming while the

2 rest of Antarctica has been cooling.
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Figure 2: Average global surface temperatures from 1961-1990 for the globe (GLO),
sphere (SH) by month. After: (Jones, New, Parker, Martin, & Rigor, 1999) 2
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Most of the world’s warming is concentrat-

WS 60 305 £ 0N 60N 90 ed at latitudes between 60 North and the

latitude
: e | 4 North Pole.
Figure 2.3 The distribution of modern warming (in “C). (a) Spatial distribution of the warming; (b) the

warming as a function of latitude. Warming is calculated as the difference between the 1850-1900 average

and 2009-2018 average, Data are from Berkeley Earth (http://berkeleyearth.org/datal, retrieved October
14, 2020).
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Image 2 LST Change Oct 2023 relative to Oct 1962
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Some studies show the Arctic warming twice as
fast, or even faster, than the rest of the world.

Northern Hemisphere Extent Anomalies Sep 1979 - 2023

Linear trend 1979-2023 — — — —  Linearfrend 2007-2023 =

1981-2010 mean = 6.4 million sq km
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National Snow and Ice Data Center, University of Colorado, Boulder

slope =-12.2 + 1.9 % per decade

The earth’s unequal warming is caused primarily by
the effect of ocean currents, particularly in the Atlan-
tic Ocean. Well known is the role in warming Europe
of what is colloquially known as the Gulf Stream,
which moves massive amounts of heat energy from
tropical regions Northward, eventually into the Arc-
tic Ocean.

This image shows temperature changes from
1982 to 2023, a 41 year period. It shows regions
where the world has been cooling over this peri-
od as well as where it has been warming.. For
example, some parts of India have been cooling.
Greenland appears to have three different re-
gional climates., each experiencing different de-
grees of warming or cooling. Siberia benefits
from warming.

ARCTIC WARMING TWICE AS FAST AS GLOBAL AVERAGE
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But temperature is not the only factor affecting
the Arctic climate. Summer sea ice declined sig-
nificantly 1980-2006, but over the last 17 years
(including the annual low point in September
2023) it has shown no downward trend. Sea ice
extent is determined not only by temperatures
but also by ocean currents, wind patterns, and

storms.

Cool subsurface flow



The Keeling Curve is the standard expression used to describe the rise of atmospheric CO2
concentrations since the 1950's. This behaviour can be seen by comparing the measured values
to a straight line fit. This is shown in Figure 1 with a least squares fit to the South Pole

moammamonts, Co2 is a “well-mixed” greenhouse gas (AR6
420 —-

< Sounromsos | ‘ \ WGI p.4), which means it is evenly distributed
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things, the IPCC’s computer models fail to ac-
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Figure 1: Measured annual atmospheric CO2 concentrations. The straight fine is a fit to the CO2

ket piae iy and the extra warming in the Arctic.

Also global warming is not evenly distributed by

Seasonal average temperatures 1895-2014

75 4 r
summers generally less than 2°F warmer than average

season. More warming occurs in the winter than NV VA v Ve Ve

in other seasons. In general, warming in the win- 3 # e
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fall can be either good or bad depending on the % NN AN AN PSRN —A
particular region. In some regions warming in the g e o :
summer is extending the length of the growing a0

season and increasing crop production, as > W\M
acknowledged by the IPCC. (AR6 WGI p.6) | ‘

CLIMATE TYPES

KOPPEN CLIMATE CLASSIFICATION
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TROPICAL DRY TEMPERATE CONTINENTAL POLAR

Scientists identify five basic types of climate.
The US Eastern half and the US West coast are
Temperate (forests are dominated by deciduous
trees). The Great Plains and the Rocky Moun-
tains are Dry. Canada, parts of Europe, and

huge areas of Asia are Continental (forests are

A |
@ &'S\-ﬁl ﬁ& P dominated by conifers).

shutterst~ck-

68% of the world’s land is in the Northern Hemisphere.
Large areas as classified as having a “Continental” climate.
This is where most of the world’s warming is occurring.
Countries and regions like Canada, Scandinavia, Northern
Europe, and Russia will all benefit from warming. In gen-
eral, any region that has a winter will benefit from warming
at the present rate of increase. This includes many areas
with a “Temperate” climate. Much of the Northen half of
the US (including New England) will benefit from global

warming.



The Sahara is greening. The desert has shrunk by

8% over 30 years.
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Figure 1. Panel A: Percent absolute change in woodlycover estimated from satellite observations for the period 1992-2011, Panel B: The
{otal trends of woody biomass in sub-Saharan Africa, from north to south, atong with the estimated contribution to this trend from the
relative effects of CO2, precipitation, radiation, and temperature. Source: Brandtet ai. (2017, supplementary information).

Chen (2024) reports that greening 2000-2017 is ac-
celerating across 55% of the world, and only 14% of
the world is browning, both with significant regional
variation. Approximately 75% of the greening is due
to rising CO2 levels (increasing amounts of plant
food availability). Itis correct to say that in some
regions climate change is causing droughts, but the
droughts affect a much smaller area than the green-
ing. This emphasizes the importance of analyzing
the effects of climate change on a regional basis.

In general the world is greening due to rising
CO2 levels (CO2 being plant food) and rising
temperatures. (See the Science Topic post on
the CLISCIPOL website “Greening World” with
citations to IPCC findings in agreement).

Using satellite images, Venter et al. 2018 found an eight
percent increase in woody vegetation in sub-Saharan
Africa over the last three decades, underscoring the global
“greening trend”.

Recent study by Venter et al finds that the Sahara has shrunk by 8% over the past

three decades. NASA image, public domain.

A study of Sub-Sahara Africa over the period 1992
-2011 found that 36% of the land area showed an
increase in woody cover while 11% showed a de-
crease. Overall the area of woody cover in-
creased 2%. The main reason for the decreases
was habitat destruction (agricultural expansion,
urbanization, and wood fuel harvesting), not unfa-
vorable climate change.

Figure 20: Trend in annual average leaf area
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More good news from the UN suggests that cereal output hit another record high in 2023:

Cereal production,utilization and stocks

T —— Million tonnes UN IPCC staff and various environmental advo-
. cates claim that climate change is jeopardizing
the world’s food supply. But the UN Food and
Agricultural Organization (“FAQ”) keeps pub-
lishing statistics showing increasing, and rec-

ord high, food production.
-2013."1-1 201516 201718 201920 202122 Z023724
fcast

Production (l=ft axis} - UItilization e axis) Figure 16: Global food production index, population and land use for agriculture
B Stocks (right axis)

Global food production, population and agricultural land use

Food production is growing faster than the world

Index 1960=100

population.
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CONCLUSION

Climate change is real, but the change differs from region to region. The effects (good or bad) need to
be evaluated in the particular regions where the climate is changing.

The IPCC and the media tends to assume that the climate in the 1800s (the preindustrial period) was op-
timal, and that therefore any change from the 1800s climate must be bad. But in the 1800s the world
was emerging from the Little Ice Age, a period of unusual cold. One study has concluded that more than
50 million people died in the 1870s alone due to extreme weather and climate.



Great Famineof */ |

- W oS Most of us would rather not remember inci-

dents like the Great Famine of 1876-1878 in
India and Pakistan.
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The world has many different regional climates, and the climate change is different in different
regions. Therefore whether climate change is good or bad needs to be evaluated on a regional

basis, comparing the present regional climate and the predicted future regional climate with
the actual regional climate that prevailed in the 1800s.
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Update -

The spatial pattern of global surface air temperatures 2023

Surface air temperature anomaly YEAR 2023 vs last 10 yr

For the 10 years through 2023 more are-
as of the world have cooled (in blue) than
have warmed (in green). The warming
has focused in Canada and Western Rus-
sia where the warming is beneficial. The
extent of the regional differences empha-
sizes the need to analyze the effect of
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FIGURE 1: Year 2023 surface air temperatures compared to the average for the previous 10 years. Green-yellow-

i 1 H red colours indicate areas with higher temperature than the average, while blue colours indicate lower than
climate change on a regional basis rather : K5 i ¥ M il ST o . .

average temperatures. Data source: Remote Sensed Surface Temperature Anomaly, AIRS/Aqua 13 Monthly

Standard Physical Retrieval 1-degree x 1-degree VOOG (https://airs.jpl.nasa.gov/), obtained from the GISS data

than a g lobal basis. portal (https://data.giss.nasa.gov/gistemp/maps/).



