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        One picture is worth a thousand words. 

The World is Geƫng Significantly Greener.   

Food ProducƟon is Growing Faster than the PopulaƟon. 

Rainfall is Slightly Increasing with Drought and Floods Decreasing 

Rain, drought, and floods are closely connected.  Heavy rain can lead to floods.  The absence of 
rain leads to droughts that can threaten the water supply for direct human use and for agricul-
ture.  To the extent that there has been some small climate change with respect to rain, 
drought, and floods, these changes are of much smaller significance that than the two underly-
ing trends: (1) the world is geƫng much greener, and (2) food producƟon is soaring. 

The world is greening.  This image shows the results 
of a massive study organized by NASA (all the data 
was collected by satellite) and published in 2016.  
The study found that from 1982 to 2015 from a 
quarter to half of Earth’s vegetated lands showed 
significant greening.  Leaves on plants and trees in-
creased equivalent in area to two Ɵmes the conƟ-
nental US.  The study aƩributed 70% of the greening 
to rising CO2 levels and 30% to rising temperatures, 
both of which are good for plant growth. 

CO2 is plant food.  With more CO2 in the air 
plants grow faster.  ScienƟsts call this the CO2 
FerƟlizaƟon Effect.  The current level of atmos-
pheric CO2 is 420 parts per million (ppm) or 
about 4 parts per 10,000. 



For the last 500 million years CO2 levels in the air 
have been trending down.  The graph shows the 
decline for the most recent 140 million years Not 
only are plants accustomed to a much higher level 
of CO2 than exists today, but they are food-
deprived at current CO2 levels of 420 ppm.  
Plants die if CO2 falls to the vicinity of 200 ppm.  
In the preindustrial era CO2 levels were only 
about 280 ppm.  By raising CO2 levels since the 
preindustrial period human activity has arguably 
averted a plant famine. 

CO2 generators are routinely hung in green-
houses to increase plant growth.  The CO2 
level in the air is now about 420 ppm.  Green-
houses usually operate at 800-1200 ppm and 
expect to see 20-50% extra plant growth as a 
result of the higher CO2 levels. 

The NASA Vegetation Index increased about 10% 
from 2000 to 2020. 

As CO2 levels rise plants can survive and 
grow with less water, so the entire South-
ern rim of the Sahara desert is greening.  
The Sahara shrank by 8% from 1988 to 
2018. 



In AR6 WGI, The Physical Science Basis 
(2021) the IPCC acknowledges these chang-
es. 

Not only does rising CO2 levels speed plant growth, 
but it also increases crop yields per acre.   The im-
age shows the increased yields of four important 
cereal crops versus rising CO2 levels as measured in 
various experiments.  There are hundreds of peer-
reviewed, published studies confirming increasing 
crop yields with rising CO2 levels. 

This image shows actual measured increases 
in yield of ten major crops versus Ɵme (since 
1961) while CO2 levels were rising from 
about 320 ppm to today’s level of about 420 
ppm. 

Since 1940 corn yield per acre has increased 
virtually at the same rate as carbon emis-
sions have risen. 



Since 1961 food producƟon has been rising faster 
than the populaƟon.  The IPCC has found that 
warming temperatures have caused the growing 
season to lengthen by up to two days per decade 
since the 1950s in the nontropical Northern Hem-
isphere, which includes the US.  (AR6 WGI p.6). 

As a result of increasing food producƟon since 1991 
the percentage of the world’s populaƟon that is un-
dernourished has declined from 19% to 11%.  This 
percentage reducƟon was achieved while the world 
populaƟon rose from 5.3 billion in 1990 to over 8 
billion today, so the absolute number of people be-
ing adequately nourished increased from 4.3 billion 
(81% of 5.3) to over 7.1 billion (89% of 8). 

The Great Famine in India and Pakistan 
1876-1878 killed an esƟmated 7+ million 
people. 

Since then, deaths by famine have been re-
duced to remarkably small numbers.  This is 
extraordinary change for the beƩer. 



RAIN - Worldwide rainfall has been increasing by 

about 1 mm per year or about 4" per century, which 
is a minimal rate of change.  The IPCC predicts that 
rain will increase by 1-3% per one degree C of warm-
ing (AR6 WGI p.615), which also is a minimal rate of 
change, because the world’s rate of warming since 
the preindustrial period has been less than 1 C per 
century.  (AR6 WGI p.5)  Any increase of rain is bene-
ficial climate change.  The IPCC observes that about 
half the people in the world live under condiƟons of 
fresh water scarcity for at least one month per year.  
(AR6 WGI p. 1060) EPA data shows some US rainfall increase since 

1900.  The rainfall has been fairly steady for the 
last 50 years or so.  About 85% of the water va-
por in the air comes from the oceans, and about 
77% of rain falls into the oceans.  So rising tem-
peratures involve the transformaƟon of some 
salt water in the seas into fresh water on land, 
where it is available for human use.  Global 
warming funcƟons as a natural desalinizaƟon 
process. 

Most all of the increase in US rainfall over the 
last century has been over the Eastern half of 
the country, while rainfall over the Western 
half has remained roughly constant.  The 
Great Lakes are brimming with water.  This is 
an example of regional climate change. 

World snowfall has been up slightly 
(3.3%) over the last 40 years but with 
significant regional variaƟon, so this may 
not have benefiƩed your favorite ski re-
sort.  This is a good example of why one 
can not generalize about world weather 
or climate from what is happening in a 
parƟcular region. 



DROUGHT - A drought is defined as a defi-

ciency of precipitaƟon over an extended period 
of Ɵme, usually a season or more.  With the 
world greening and rain and snow fall increasing, 
one would expect less overall drought, as con-
firmed in this graph. 

But the IPCC predicts increasing drought in some 
limited parts of the world, as shown here.  (AR6 
WGI p. 1158).  The IPCC states, “Decreasing precipi-
taƟon will emerge in very few regions by mid-
century. ... There is limited evidence of drought 
trends emerging above natural variability in the 21st 
century.”  (AR6 WGI p.1770).   The IPCC does not 
provide a comparable map showing the regions 
where greening is expected to increase under fu-
ture increases in CO2 levels and temperatures. 

The area of the world experiencing severe drought 
has been declining since 1900.   The IPCC defines 
three types of drought: meteorological (caused by 
reduced rain), hydrological (caused by reduced riv-
er or stream flow, which would also reduce flood-
ing), and agricultural/ecological (cause by evapora-
Ɵon of water from the soil).  The IPCC concludes 
that “few” regions show increases in meteorologi-
cal drought, and that “trends in hydrological 
droughts have only been observed in a few re-
gions.”  (AR6 WGI p.1575).  The IPCC found an in-
crease in agricultural/ecological drought in 12 of 45 
regions of the world.  (AR6 WGI p. 10). 

For the US the Palmer Drought Index shows that 
the bad drought years were in the 1930s,.  There is 
no trend up or down, and variability is high from 
year to year.  



The US West in recent centuries has been 
much weƩer than in prior centuries when it 
experienced lengthy “megadroughts.”  Mega-
droughts come and go as part of natural cli-
mate variability.  Megadroughts are believed 
to have played a role in the collapse of the Ak-
kadian, the Assyrian, and the Mayan Empires, 
in addiƟon to some of the naƟve American cul-
tures in the US West during the periods of the 
megadroughts shown. 

The percentage of the US considered either “very 
wet” or “very dry” has not changed much at all 
since 1896.  There is no trend for either variable. 
But noƟce how much natural variability exists 
from year to year.  Rain tends to move around a 
lot. 

FLOODS - Significant floods occur when massive 

amounts of water overflow their river banks.  The 
world has a long history of disastrous floods.  For 
example, in California 45 days of storms caused the 
Great Flood of 1862, which covered 1/3d of the 
enƟre state.   

The EPA monitors the frequency and magnitude of 
floods at hundreds of US locaƟons.  It has found 
during the period 1965-2015 that: (1) frequency of 
flooding increased at 186 locaƟons and decreased 
at 295 locaƟons, and (2) magnitude of flooding in-
creased at 216 locaƟons and decreased at 310. 



China has a long histo-
ry of Yangtze River 
floods, such as the Au-
gust 1931 flood.  In 
Southeast Asia Mon-
soon rains produce 
floods virtually every 
year.  The degree of 
flooding varies with 
the El Nino/La Nino 
ocean current cycle in 
the South-Eastern Pa-
cific Ocean. 

In March 1936 the Eastern half of 
the US had a massive flood at the 
same Ɵme that the Great Planes 
were experiencing an extreme 
drought (the “Dust Bowl”). 

To protect against floods governments build 
dams such as the controversial Three Gorges 
Dam on the Yangtze.  Dams control river flow 
during the rainy season, prevenƟng floods, 
and then release the water at other Ɵmes of 
the year when it is needed and when it can be 
used construcƟvely. 



But then dams can fail like the Banqiao Dam in 
China in 1975.  An esƟmated 85,000-240,000 peo-
ple were killed.  The flood rendered uninhabitable 
an area larger than the states of Delaware and 
Rhode Island combined.  In the 21st century many 
floods can be aƩributed to failures of government 
planning, construcƟon, or maintenance of flood 
control infrastructure. 

North America is fortunate.  Its dams, levees, 
wastewater-management and water convey-
ance faciliƟes “have improved water supply and 
safety and have reduced flood and drought 
risks.”  (AR6 WGII p.1952).  And there is “limited 
evidence and low agreement on observed cli-
mate change influences for river floods in North 
America.”  (AR6 WGI p.1830).  As a result in the 
US flood damage as a percentage of GDP has 
steadily and significantly declined since 1903. 

The IPCC does not find a growing flood problem.  Rather, “On the global level, peak river flow trends are 
characterized by high regional variability and lack overall staƟsƟcal significance of a decrease or an in-
crease.”  (AR6 WGI p.1568).  And government adaptaƟon measures can have a tremendous impact in re-
ducing the risk and damage of floods.   One study esƟmates that flood damages could be reduced by 95% 
with “adequate adaptaƟon strategies.”  (AR6 WGII p.607).  Overall the IPCC concludes that, “There is low 
confidence in the emergence of heavy precipitaƟon and pluvial and river flood frequency in observaƟons, 
despite trends that have been found in a few regions.”  (AR6 WGI p.1854). 

 CONCLUSION 

The increased greening of the world is an example of beneficial climate change.  The increased world-
wide food producƟon is another example of beneficial climate change.  The increased rainfall is a third 
example of beneficial climate change. 

Droughts and floods are detrimental events, but they are part of natural variability.  There have always 
been, and always will be, droughts and floods.  But there is liƩle evidence that the frequency or severity 
of these events is increasing globally.  Governments have learned how to build irrigaƟon systems to re-
duce the impact of drought and to build dams and other infrastructure to reduce flood frequency and 
magnitude. 


