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Preword

It seems to me that Global Warming is the biggest threat to the mankindreasdoiéen
very poorly understoodThis is, why | started to describe glbélarming from the basic
facts which can be found from any sources. After studying the subject my tanderg
Is thatimmediateactions ae needed to limit warming to 2d&grees by the year 2200.

One of the biggest reasatwswrite thisbook has beethe disinformation, which has been
spreading fronmanyofficial and commercial sourceBhere are severapaid scientist ,0
who speak as they have been paid toTdwre are several groups, which want spread
disinformation. One of them is the coal, oil ayabs industries, which wait continue
their businesses without any taxes or limaas.

There are also politiciansvho spreadlisinformation to get votefor Presidential
election:The concept of global warming was created by and for the Chineseen ord
to make U.S. manufacturing n@ompetitivé ,was tweeted by Donald Trym
November 2016 He said also thathe weather has been changing and will be
changing This is true, but mankind has had its influence, which should be studied.

My perspetive is totry to make my own analysis based on data from the main sources
(Hadcrut4, GISS, and NOAA). | have no other objective than trying to understand
global warming as it is happening. | have retired in 2010 from my previous companies,
which were workng in powe plant planning. My only connection is t@ur own
publishing company, Ekoenergo Oy.

| have studied measured temperatures and saladiance. This will lead to a
conclusion that the changes in global temperature have been caused&htidi®ly
by thesun. After 180 CC; has been the maicontributor of the 0.6 deg. C increase
until 2018 There is a logarithmicelationship with CQconcentratiorand temperature
as well as a negative relationship with Sfnissions and temperatutéowever, the
mass bance modl developed by the author indicati#stthanglobal warming can
be limited to2 deg. C if the global emissionswill be reducedwith 50 % by the year
2050.

Thisbookis an ebook, which can be download free of chafgem my published some
pageat www.ekoenergo.fiEkoenergo is our own small publishing company which has
been publishing my bookssire 2007, when | PlamiogoEOptmal f i
Power Systendss Fi r st edi ti on.

Espoo,November2019
Asko Vuorinen

www.askovuorinen.fi

www.ekoenerqo.fi
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1 INTRODUCTION

The temperature measuremeata dates back only to the end of't@ntury. However,

some other marksf aveather changes have been observed for mone30@ years. One

of the thingdhere in the North has been the time, when the ice cover has disappeared from
the lakes and rivers.

Tornio River (in the border between Eind and Sweden) has lost its ice eogonstantly
earlier starting from the year 1700 (Figure 1.1.1).

Loss of Ice in River Tornio
(days from the First of January)
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Figure 1.11 Days from the first of January when the ice was released from the River
Tornio (Source: Esko Kuusisto, Finnish Environmental Cer8&KE.

The ice cover disappears now 1ayd earlier then in the years 17400709. It is difficult

to say, how large is the influence of the &€nissions or any other human activity in this
trend.The scientists have evaluated that the avespgagtemperature has increase
the Tornio areafrom 0.2deg. C to 2.8 deg. C during 3¥@ar time scaleffom the year
1691 to 201). The increaskas beer2.6 deg. C or 0.88 deg. C per century.

The Little Ice Age

This temperature change has been blessitiget population of Finlan@uring the Litte

Ice Age worse years from 1695 1698 about 140.00028 %) of the Finnish 500.000
population died for hunger and diseases caused by hunger. The summer 1695 was very
cold and during the summer 1996 frost gamawust 19" in 1696 and hardly any crop

was achieved. During the winter 169697 about all of crop has been eaten and most of
the cows. Ater cattlepeople stated eating horses and dogs.



The same kind of data has been found from proxies, whictottake intoaccount tree
rings (Figure 1.1.2)The weather has been warming now 300 years from the Little Ice
Age. On the other hanthere was a warm period in the Middle age, when the Vikings
travelledto Greenland and found America.

On the morning 080" of January in 1658 Swedish King Charles Xgarder for his
troops to marc on ice over Belt in DenmanKdland of Fyn. The march continued also
over the frozen Great Belt #edand and the main goal was arrive to Copenhagen, which
was theplace Danish troop. On Mof February King and his trps arrived to Zealand.

On February28" the Treaty of Roskilde was signed and Denmark hade to give the
Swedish King many parts of Denmark as result of this march.

River Thames was aldreezing dumg the Little Ice Age years (Figure 1.1.Zhe first
recorded FrosFairon the River Thamewas arranged in winter 16071608. The fairs
were arranged until the year 1814, whenever the river was frozen.

Arsakl oot

Figure 1.1.2Frost fair on the riverThames in the winter 16831684.

During the Medieval years abo&D 5007 1100 the weather here in the North was much
warmer than today. This was found by the fact that the scehéige found seeds of the
earlier flowers and trees, which have disapd from FinlandThe Greenland got
settlers from Scandinavia dog years 980 1400. The last ship sailed from Greenland
to Iceland in about 1410. The Little Ice Age had starffée: population moweEback to
mainland



IPCC documents

As International Panel of Climate Change started their studies they made estimates o

historical temperatures uginproxies Their studies concluded that titemperature
varigion was similarhanFigure 1.1.3vith high temperatures during AD 60@200 and
lower temperatures during years 1400900.

(c]

Little ice age

Mediewval
warm period

| | | | | | | | | |
1000 AD 1500 AD 1900 AD
Year

Temperature Change [C)

Figure 1.1.3Temperature changehiring the last 2000 yeaf3 he First IPCC report)

But in the third assessment report of IPCC from the year 2001 a hockey sticknlike cu
was introduced (Figure 1.).41t indicated that the climate had becoming colder
continuously until the year 190 after this the temperature has been rising constantly.

It seems that the hockey stiakas discovered to prove the nmaade warming after the
year 1900. Itvas actuallymanmade warming as it was basaa reconstructed curve by

~

Michael E. Mann et. al. Ee n t he fidnasttarou njernetdalc uywase |

behaving like the invented hockey stick. These curves showed to actual scientists that

IPCC is a political organz at i on whi ch discovered its
climate changelThey weke corrupted scientists who want to proof they opinions into the
science.

Later, it was really found that so called scientists were not independent but in the control

of the Governments of each country., 8owas also found that this story of global
warming was false. The whole story should be&valuated and rewritten again. The first

thing to find is the real temperature records, which correspond to the history records. They

should also notice the warnegod during medieval years 10001300 and very @d
period during Little lce Age years 1650.700.
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Mann et al,, 1999, reconstruction (annual mean, full hemisphers) &
Mann ef af, 1999, reconstruction (annual mean, 30°M to 70°N latitude band)
Jones el al, 1998, reconstruction (summer, extra-tropical emphasis)

Briffa, 2000, reconstruction (tree-ring density only, summer, extra-tropical) .
L Instrumental data {annual mean, full hemisphere) -

T

Morthern Hemispheare anomaly (°C)
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Figure 1.1.4 Hockey stick curve from IPCC third report from the year 2001.
(http://www.grida.no/pubtiations/other/ipcc tar/?src=/climate/ipcc tar/wgl/index)htm

After studyingthe globatemperature deelopment, it seems that hockey statkve like
warming isreally happening. It has not happened after 1850r&ilerafter 1980. The
warming of globhtemperature has beeausedintil the year 198@ainly because athe
solar irradiancewhich increased global temperatugedtout 0.3leg.C in the years 1915
I 2004 (seeFigures 3.5 and 34.8).

Other sources of disinformation

Many organizations arspreading disinformatiofor their own reason€ne source is
studies funded by oil, coal and gas companies. These studies have beerfiumdadyto
prove that the global warming has not been caused by carbon dioxide. Thegaakis
to make profits wth fossil fuels. Money talks!

Anothersource igolitics, which wanto get more voteso be elected as a presidedn
November 6, 201Ponald Trump tweeted:

AThe concept of gl obal war mi nrgorderdosmaler eat ed
U.S. manufaturing non-compett i v e 0

There are severaburces of disinformation, which called as trolling. There is a hook for
any kind of story, which is suitable for you.

11
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Figure 1.15 Trolling term comes from fishing.
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2 AIR TEMPERATURES

2.1 Global land and sea air tempera tures

| have used the temperatudata collected byUK institutes (HadCRUT4)NOAA

(National Oceanic and Atmospheric Administration from US Department of
Commerceds) and GISS (Nasabs Goddard I nst.i
different methods in measng and evaluating global temperature data. The annual values

of the measured data have quite a large variance (Figuig 2The average temperature

of these threen 2018 was 1.@ deg. C higher thatine average temperatureyeas 1901

1930.

Global Temperature Changes from the Average of
Years 1901-1930 (deg.C)
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Figure 2.11 Annual values of global temperaturgg the main institutes

However, they are quite close of each other, Hy&ar average values are combined
(Figure 2.12). The 1tyear average temperature wasedd@g. C higher in 2@.than in
years 19041930.

The differences of three temperature data records are compared with the average values
(of the three institutes) in Figure 2.1.3. We can find that Hadeitées start lower than

others and end lower than others. Gi\&fues starhigher than others and end higher

than others. NOAAralues are in the average in the beginning and in the average in the
end.NOAA values seem to follow most accurately the averagettandlifferences are
about0.01 deg. C.

13



Global Temperature Changes from the Average of
the Years 1901-1930 (11-y. averages deg. C)
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Average

Figure 2.12 Global temperatue data of HadCRUA, GISS and NOAA.

Differences from averages of Hadcrut4,
NOAA and GISS (11-year average values)
0.08
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® Hadcrutd @ NOAA @ GISS

Figure 2.13 Differences in 1dyear average values of Hadcrut4, GISS and NOAA.

Thus, the best way to avoid errors is to use the average values of these three institutes
(Figure 2.14). We can find thathe values of WAA are very near the average of the
three institutes or practically the same.

14



Global Temperature Change from the Years 1901
- 1930(11-year average values, deg.C)
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Figure 2.14 11-year average values of the three (Hadcrut4, GISS and NOAA) and 11
year average values of NOAA.

The variation of annual temperature values fromtrend are gen in Figure 2.5. We

can find that in 20Zthe temperature wad the maximum limibf 95 %probabilityvalue

(+ 2 x standard deviation, STIDThe 95 % confidence limit value has been calculated
assuming, that the distribution of deviasofrom the tred are normally distributed
(Figure 2.16).

Global Temperature Change from the Average of
Years 1901-1930 (11-year average values)
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e Data Trend -2xSTD +2xSTD

Figure 2.15 Variation of annual values from the trend.
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99.7% of the data are within

N 3 standard deviations of the mean >
95% within
2 standard deviations
68% within
<— 1 standard —>
deviation
u—3c iw—2a H—a 7 uto u+ 2o i+ 30

Figure 2.16 With 95 % confidence the variation is about 2 x standard devigfian
STD)

2.2 Forecasting future warming

The data of past temperatumeasurements can be used to forecast future. Simplest
method of forecasting is studying the trend of the known measurements. If we calculate
the trend based on the average annual values of temperatures of Hadcrut4, GISS and
NOAA, the result is given irFigure 2.2.1. It is indicating that the temperathes
increased from0.05deg. C in 120to 096 deg. C by 208. The temperature trerths
been0.76 deg. C in a centunyith this trend globatemperaturewill rise to about 1.5

deg. C by 2100 aniwb abait 225deg. C bythe year2200.

We can also calculate the standard deviatiorD(Sof deviation of the measurements
from the trend.STDis 0094 deg.C. If we want to give 95 % contingency values, then
the deviation from th&end shoulde less than 2 STDor 019deg.C.

If we add the 95 % confidence limits to the trend line the values can deviate from the
trend line +/ 0.19deg.C. Thetemperaturehange from the years 19011930will be in

the yeabetween 2 and1.7 deg. C by the year 2100 wiffb % confidence. In the year
2200 temperature will be betwe2®i 2.4 deg. Chigher.

16



Global Temperature Change from the Average of
Years 1901-1930 (11-year average values)
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Trend -2xSTD +2XSTD weeeeeees Linear (Trend)

Figure 2.2.1Global temperature trend with 9% confidece (2 x STPIlimits.

The global temperature has been rising aft®80 with trend of 0.17 deg. C decade

(Figure 2.2.2). This would indicate that the temperature will be 1.7 deg. C warmer in 2100

than in 2000. Temperature was abo@®5@varmer in 2000 than in 1961930. Thus, the
trend would mean that temperature woul®t®5 deg. C warmer in 2100 than in 1901
1930.The 1.5 deg. C limit will beeachedy the yeal050, if this trend will continue.

Global Temperature Change from the Average of
Years 1901-1930 (11-year averages)
1.60
1.40 y=0.0168x-32.964  __.-="""
0 f e
wo b e
0.80
0.60
0.40
0.20

0.00
1980 1990 2000 2010 2020 2030 2040 2050

Figure 2.2.2 Trend of global warming after year 1980.
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1l-year and 30year averages

Temperature changes canldmterfoundin 11-year and 36/ear moving averagiggures
(Figure 2.23). | have used Xyear average because the short sunspot cycle hgsat 1
variation and thus this eliminates short term sunspot cycle.

Gobal Temperature Change from the Average of
the Years 1901-1930
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OIZO o -— g
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-0.101900 920 1940 1960 1980 2000 2020
-0.20

®11-y. avg 30-y. avg

Figure 2.23 Temgerature deviation fronyears 191-193Q
Meteorological scientists consider th80-year average values will indicate changes in
climate. The global 3§ear average temperatures have risen from the years1B30ito

years 19971 2018 with 0.80deg. C Table 2.2.). This hashappened within®8years and
average increase has beenl@e@g. C in a century.

Table 2.2.1 Forecasted temperatures using the trend values of-fleaB@verages.

Years 30-year averages | Increase (deg. C)
From To From To Increase per 100Yvy.
1930 2018 0.00 0.80 0.80 0.91
1930 1980 0.00 0.27 0.27 0.53
1980 2018 0.28 0.80 0.52 1.37

30-year average temperature has increased during the figga®® until the yeat980
with 0.27 degrees. Bufrom 1980the increase has beemwiin 0.28 deg. C to 80deg. C
or with 0.2 deg. C in 3 years. This corresponds Z.8eg. C increase in a century.

18



2.3 Air temperatures in Finland

It has been said in many studies that the temperature rise vidstagin the northern
areas than in &arage.One place which is far from cities is Sodank@&servatoryin
Finland (67° 22' N, 26° 38' E, 180 ;mThe place is in Lapland where in Sodakyl
municipality are less than 1 people per square kilometer.

The temperature measurements wstated in1901 and they show annual average
temperatures fluctuations fronr8.5 to +20 °C (Figure 23.1). The llyear average
temperature in Sodankylgpeaked in 1939 #@.39°C and had lowest value €f.60 °C in
the year 186.

We can find there both warming aodolingin average value$Varming happened from
1910 to 1939 and cooling from 1939 to 1980. In 1981 warming started agaiinhaisd
the peak value in 2@L

Temperature in Sodankyla (Deg. C)
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)
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4
® Annual e——11-y. avg 30vy. avg

Figure 23.1 Measured temperatures in Sodanky8&@¥(22' N, 26° 38' E, 180)m

The deviation btemperature from the average of years 12030 is indicating tha30-
year average temperature has increased with 1.3 deg. C-gedrldverage with 1,8 deg.
C (Figure 2.3.2).

The trend of temperature change in Sodankyla from 192218 is showing thmcrease

of temperature of 1.1 deg. C in 100 years (Figure 2.3.3). The trend predicts that the
temperature will be 2.0 deg. C higher in 2100 than the average value in yea93901
(Figure 2.3.4).

19



Temperature Deviation from Years 1901-1930
in Sodankyla (Deg. C)

® Annual e——1l-y avg s——30y.avg

Figure 2.3.2ZTemperature deviation from the averaggears 19041930 (Deg. C).

Temperature Deviation from Years 1901-1930
in Sodankyla (Deg. C)
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Figure 23.2 Temperature increase in Sodankyla from thes@8011930(deg. C).
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Temperature Deviation from Years 1901-1930
in Sodankyla (Deg. C)
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Figure 2.34 Temperature increase in Sodankyla from the yd£011930(deg. C).

1l-year and 30year average warming

We can alsanake a tred analysidased orll-yearand 30yearannual averages. The
11-year average trend (@re 23.5) indicates that theemperature has risen with atio
1.85 deg. Cfrom the year 1911, which was the firstyidar average.

Temperature Deviation from Years 1901-1930
in Sodankyla (Deg. C)
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Figure 23.5 Warning trend in Sodnkyld using l¥ear and 3Qyear average
measurements.
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Climatologsts considethat 3Qyear average temperatures are showing where climate is
going to.If we look at 30year aerage temperatures (Figure.8), they show a peak
during the yeard950- 1960and anther peak (B0 deg.C) in 2018 (which may have

not yet reached its peal)hefluctuation has about 6earcycle and range of about one
degree.

However, the80-year average temperature valueticated cooling during thesyars from
1960 to 1980During these years scieng8stere speculating that the world was cooling
and a new ice age is cominthe theory comes from thpossilbe changes from the Golf
Stream

The 30year average temperature has been increasthdl.30 deg. C after 193(Table
2.3.1). The trend has been4B.deg.C in century.This is faster than 0.9 deg. C warming
found in global temperature in a centuHowever, the trend after 1980 indicates that
warming will be 305deg C in a century.

Table 2.31 Warming trend from 3@ea averages irSodankyla, Finland.

Years Temperature (deg.C)Temperature (deg.C)
From To From To Increase per 100 years
1930 2018 0.00 1.30 1.30 1.48
1930 1980 0.00 0.15 0.15 0.29
1980 2018 0.15 1.30 1.16 3.05

Temperature change in Helsinki

Temperatures in Helsinki have been measured sin2@ (fgure 2.3%). The 1tyear
average values have been rising from 4.0 deg. C in 1840 to about 6.8 deg. 8 ar 201
with 2.8 deg. CThe 30year average has risen from 4.0 to 6.4 or with 2.4 deg. C.

Temperature in Helsinki (Deg. C)
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Figure 2.36 Annual temperatures in Helsinki
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The change in temperature from average of 1B830 has beeh.7 deg. C until 208 in
30-year average valuébigure 2.37 and 2.3.8) This hasdheen ® deg. C higher than in
Sodankyla, where the 3fear average temperature has been rising 1.3 d€BigGre

2.35). This is caused by the changes in the city, which have now more concrete buildings
and asphalt roads than in the beginning &f @rtury.

Temperature Deviation in Helsinki from average
of years 1901 - 1930 (deg. C)
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Figure 2.37 Change of temperature in Helsinki from the average of years-198Q.

Temperature Deviation in Helsinki from average
of years 1901 - 1930 (deg. C)

2.50
2.00
1.50
1.00
0.50 NN*J\."\V
0.00
1900 1920 1940 1960 1980 2000 2020
050

1 1-y. aVE 30y. avg

Figure 2.38 Change of temperature in Helsinki from the average of years-1980Q.

The difference in 3§ear average temperatures has started to increase intlabpears
1970, when the automobile traffic and district heating was spreading in the city of
Helsinki (Figure 2.3.9).
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30-Year Average Temperatures in Sodankyla and
Helsinki (Deg. C)
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Figure 2.39 30-year average warming in Sodankyla and Helsinki.

Monthly warming since years 1901 1930

| found old Statistical Yedrooks of Finland, which hashe monthly temperature
measurements during years 190930 at five sites(Helsinki, Tampere, Maarianhamina,
Oulu and Sodankylad) and which the measurememnare made still today (Table32).

Table 23.2 Monthly averagdempeatures during yeard 9017 1930 and 198171 2010
and temperature rise from the years 1901930 to years 1981 2010(deg C).

Years 1901-1930 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec| Year

Helsinki 55 -58 -2,7 22 82 130 168 150 106 53 05 -34]| 457
Tampere 67 -72 -34 21 86 135 169 144 98 42 -09 -49| 3,93
Maarianhamina  -2,4 -34 -16 22 70 11,7 156 148 105 61 20 -09]| 518
Oulu -9,0 -100 -57 00 59 118 157 132 82 20 -33 -74| 1,85
Sodankyla -135 -13,8 -89 -25 40 106 138 10,8 57 -12 -80 -11,9 -1,18
Average "837-91 -54 -01 56 11,4 150 129 81 23 -31 -67| 1,95

Years 1981-2010 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec| Year

Helsinki -39 -47 -1,3 39 102 146 178 163 115 66 16 -20| 594
Tampere 64 -69 -28 33 97 141 169 150 98 46 -06 -45| 441
Maarianhamina -2,1 -31 -06 37 91 133 16,7 158 114 69 26 -04| 6,16
Oulu 96 -93 -48 14 78 135 165 141 89 33 -28 -7,1| 2,72
Sodankyla -135 -12,7 -75 -1,3 53 11,6 145 11,7 62 01 -71 -11,7 -0,30
Average "84 -84 -437 13 74 128 159 139 88 34  -24 -64| 286

Rise t0 1981-201C Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec| Year

Helsinki 16 11 14 17 20 16 10 13 09 13 11 14| 137
Tampere 03 03 06 12 11 o6 00 06 OO0 04 03 04| 048
Maarianhamina 03 03 10 15 21 16 11 10 09 08 06 05| 0,98
Oulu -06 07 09 14 19 1,7 08 09 07 13 05 03] 087
Sodankyla 00 11 14 12 13 10 07 09 05 13 09 02| 087
Average -01 07 11 14 18 14 09 09 07 11 07 03] 091
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Temperaturerise in Finland from
1901-1930 to 1981-2010
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Figure 23.8 Warming in Finland from 1901 1930 to 19811 2010 (degC).

Annual warming from 1930 to 2010 has been 0.9j. @eas measured in 3@ar average
temperatures or 1.14 deg. C in a centiive can notice that the warming has been the
highest during spring from March to June and lowest in December and January (Figure
2.3.9). Rising of tke temperatures in the spriogthe yearis an indication osnow and

ice smelting earlier. The reflection of snow is much higher than that raw land and water
in the lakes. The seas have ice cover only from Janudprtb

Very similar results were achieved Iblanna Tietavainen Heikki Tuomenvirta and

Ari Vendlainen, who published an articlannual and seasonal mean temperatures in
Finland during the last 160 years based on gridded temperature (fiateernational
Journal of climatology, 30: 9. November 2009).

According to the artie the trend in warming per 100 years during years 1902008
have been 0.93 deg. C (Table 2.3.3).

Table 2.3.3 Warming trends in Finland per 100 years.

Years [1909-2008(1959-2008(1979-200
Annual 0.93 1.52 2.05
MAM 1.59 1.46 0.78
JJA 0.69 0.63 1.26
SON 0.39 0.79 1.55
DJF 0.97 3.47 4.28

We can also nece that warming has been highest (1.59 der. C/100 years) in spring
(MAM, March, April, May) and lowest 0.39 deg. C during autumn (SON; September,
October, November). The reason for this hat been explained. One reason might be
that snow is smelting earlier and thus the land is absorbing more heat during spring.
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The table indicates aldbat the warming has been accelerating after the year 1979. The
trend has been 2.05 deg. C per 100 yeHne warming has been highest (4.28 deg,
Clcentury) during winter (DJF) after the year 1979.

Concluson:

Warming inSodankyldas beerd.52deg.C per 100 yearsfter years 1901930. If trend
continues at the sameteaas before, the climate will ladout3 deg. Cwarmerin years
21012130than during years 1961930

Warming in Finland has been @ 8eg. C during80years frontheaveragefrom 1901-

1930 to the average 0fl980- 201Q Highest warming has bedound during spring
months, March, April and Maynow is smelting earlier and causes absorption of splar
radiation will increase.

One explanation to the higher temperature rise in Finlandas time country idocated
inland, but the globalemperature is average temperature of land and sea.

Warming in Finland since 1700

Finlandhas one of the longest time series which is related to annual temperatures. The
loss of ice in spring in River Tomi(in Swedish border) has been measured since. 170
The days after the first of January have been continuously declining from about 141 days
in 1700 to 127 days today (Figure 2)3.

Loss of Ice in River Tornio
(days from the First of January)
170
160 -
150
140
130
120
110
1680 1730 1780 1830 1880 1930 1980
¢ Days = e=eTrend

Figure 2.39 Loss of ice in River Tornio &Js from the first of Janugy).
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Temperature in Sodankyla (deg. C) and
Release of Ice in River Tornio
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Figure 2.310 Temperature in Sodankyla and loss of ice are correlated.

If we combine temperature data from Sodankyla and loss of ice days from January, we
can make a X¥iagram (2.3L0). It shows that change of 30 days in days in ice release
date wil correspond 2.8 deg. C change in temperature. Using this relationship, we can
the extrapolate temperature estimates until the year 1700 (Figut#)2.3.

Extrapolated Temperature in Sodankyla
until 1700 using Loss of Ice Data (deg. C)

¢ Measured +  Extrapolated = = = Trend 1680-1900

= = = Trend 1901-2015

11-year averages

Figure 2.318 Extrapolated temperature in Sodankyla until the year 1700.
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Summary

We can find fromhe data of ice smelting in the rivetsat theglobal temperature ha
been rising continuously since 1700. The increase has been about 0.7 deg. C frg
to 1900. After 1900 the change has been about 1.0 deg. C.tlaustal changerém
1700 to 2016 &s been about 1.7 deg. C.

There has not been a hoclatigk curve as presented by the IPCC third repidre hockey
stick is curve exists, but the anthropological warming has starts only after 1980 ag
seen from chapter 3.

Global temperature has ircreasedabout 080 deg. C, if measured using 3@ear

averages from the years 1901 1930to years 19® - 2018. The 30-year temperature

in Finland hasincreasedabout 0.91degrees from the years 1901 1930to years 1981
- 201Q when the temperature was relly measured in several places.
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3 SUNSPOTS AND SOLARRADIANCE

3.1 Sunspots

We have found thaemperatures have been risen more than 300 years almost constantly
from the times of Little Ice Age (LIA). LIAvas happening from 1300 to 1780ring

which times also River Thamédsadfrozen and people werwalking on the ice (Figure
3.11).

Figure 3.11 Frozen River Thames.

Sunspots are black points in sun, which were found because Italian scBaitied

Galilei (15641 1642) developebetter telesape. He and others found the sunspots with

the better telescope which could magnify objects with factor 30. In 1610 he published a
smal | b oStaky Messéngjée,d wiher e he descri bed his fi
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Figure 3.12 Invention of telecope was
a key b find sunspot

Later it was found that sunspot numbers were extremely low during years 1808

(Figure 3.1.3). This era was called as Maunder Minimum according to its inveators,
Walter Maunder (1851-1928) and his wifénnie Russel Mainder (18681947), who
studiedsunspots by this time. Number of sunspots was only less than 10 in each decade

during those years.
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Figure 3.13 Maunderminimum and sunspots Numbers.

The sunspot data can be downlachdi®m the year 1706 2018 and presented as raw
dat and in 5and 1lyear averagefigure 3.14). The 1lyear cycle can be seen in 5
year averagesvhich has the minimum values in 1712, 1813, 1914 and 2010 of with 99

year intervals.

11-year averageaiueswill eliminate this 11year cycle
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Number of Sunspots
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Figure 31.4 Sunspot data as downloaded from the file
(http://www.sidc.be/silso/datafiles.
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250

200

150

100

50

1900 1920 1940 1960 1980 2000 2020

e Measured

S-year average

11-year average === = gyerage

Figure 3.1.5 Sunspot data given for the years 182017.

The temperature records given in chapter 2.1 during yea®dd 4 1950 and snspots

during the sam years can be presented in a-dtdgram Figure 3.1.8. The linear trend

shows that at 60 sunspots the influence is zero and at 110 sunspots level the temperature
will rise with +0.33 deg. C.

31


http://www.sidc.be/silso/datafiles

Warming and Sunspots correlation 1901-1950
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Figure 3.16 Influene of sunspots to global temperatijid-year average values)

Thus we can develop following formula for sunspot influence on temperature (dT):

(3.1) dT =0.0064 xSPOTSO0.38

Thus we can assume that number of sunspotsill increase tdl10 will thetemperature
will increase withabout 0707 0.38 = 0.32eg. Celais. If the number osunspotswill
drop tozero, temperature will dropy - 0.38 deg. C.Thus the sinspots can causé.4
and + 0.4deg. C fluctuation in global temperature.

3.2 Sunspot corrected global temperatures

After knowingnumber of sunspots and their influence of global warrffiogmula 3.1)

we can then calculate how much the sunspots have changes global temperatures (Figure
3.2.1).However, we will take intdheaccount only thd 1-year average values of global
warming cased by the sunspots (Figure 3.2.2).
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Global Warming Caused by Sunspots
(annual values in deg. C)
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Figure 3.2.1Sunspot caused warming using annual data.

Global Warming caused by Sunspots
(11-year averages in deg. C)
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Figure 3.2.2Sunspot caused temperature deviation itepeak influence around 1960
and 1990.

We can now separatpobal warming in two components, oteused by the sunspots and
the other which is caused by other sources (Figure 3.2.3). The global warming was mainly
caused by the sunspots until the yea801&nd by other things since&8®(Figure 3.2.4).
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Global Warming Components
(11-year average values in deg. C)
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Figure 32.3 Global Warming caused by sunspots and ofiwerrces

Global Warming after Sunspots
(11-year average values in deg. C)
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Figure 3.2.4Global temperture deviation aftemfluence osunspotdave corrected

We can find (Figure 3.2.5) that the sunspot corrected temperature trend hagiibeen
stable until the yeak98. However, after 198the trend is indicating increase of2deg.

C per 100 yearsThe 2degree limit will be achieved by the year 20%0e 1.5 deg. C
limit will be achieved in the year 2035
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Global Warming Trends after Sunspots
(Annual values deg. C)
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Figure 32.5 Global warmingafter elimination the influese of sunspots.

The sunspot corrected 3@ar average temperature has been rising ab6éidtdeg. C
from the years 1901930 to years 198 2018 or 081deg. C in 100 years (Figure 3.

Global Warming after Sunspot influence (deg. C)
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—@— 11-yearaverage  —@— 30-yearaverage

Figure 3.26 Sunspot corrected global warming.
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If this trerd from 1985 willcontinue, the temperature will el deg. C warmer in 210
than in 185 (Table 3.2.1).

Table 3.2.1 Warming after sgpots as measured with 3@ar averages.

Years 30-year averages |Increase
From To |From To Increasg in100Yy.
1930 2018|-0.03 0.67 0.70 0.80
1930 1985| -0.03 -0.01 0.02 0.03
1985 2018|-0.01 0.67 0.69 2.08

The increasdrom 1985 to 208 in global 30year average temperature after isspots
has been @9 deg. G which corresponds t@.1deg. C in a centuryThe trend predicts
that 20-deg. Ctemperature limit will be exceeded by the year 2075.

3.3 Solar irradiance andglobal warming

Stefan-Boltzmann formulas

Solar irradiancen the pace at the distance of the earth is almost condtac&n be
calculated using StefaBoltzmam formula(3.3.1):

(3.3.1) E =40 T

Where T = absolute temperature of a radiating body

0 = SBolerhaamconstant = 5.67 x {Qvm2 K™
E =energy per are@V/m2) =6.42 x 16 W/m2

Because the surface area of the sy Ax3.14 XxRs? = 4 x3.14 x(6.95x 10° m)’= 6.08
x 108 m?, total power B transmittedby the sun

(3.3.2) Ps=As x E= (6.08 x 108 n? x (6.42x 10') W/m?
=3.83 x 10%°W
Solar irradiance, Pe

Distance of the earth from the sbn= 1.49598 x 10" m and area of a sphere at this
distancefrom the suris Ap = 4 x3.14 xD? = 4 x3.14 x(1.49598 x 1012 m?= 2.81 x
1022 m?,
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Then theTotal Solar tradiancgTSI) at earths distanaaan be calculated as follows:
(3.3.3) TSI = Ps/Ap = 3.83 x 10?%W/2.81 x 1022 m?=1361.7W/m?

TSI (1361.7 Win¥) is also called as solar constarilowever, it is not constant, but
variable because of distance frdhe sun to earth (eccentricity) and tgqpawer of the
sun (sunspots) is changing.

We can als@alculatethe power received by the earth)(P
(3.3.4) Pe= Aex TSI
Where Ae= area of earthds shadow in plane
=3.1415X Re?
=3.145Xx (6.371x16)2 m2
=1.25x 104 m?
Pe=1.275x 10" m? x 1361 W/m2
=1.7%Hx 10w
Irradiance of the earth, Ee
Then we cancalculate how much radiation Ee is leaving the earth.
(3.3.5) Ee = total earth irradiance = Pe/Ae
Where Ae = area of=4r2MxR¥P&s surface
=4 x 3.1415x (6.371x16)?
=5.10x 10"4m?
Ee =Pe /Ae
=1.7% x 107 W / (5.10x10"14 m?)
= 3402 W/m?

We can then |l ook to eart homdaton@4\yym)i®al ance
the same aflected energy (102 WAn+ outgoing radiation(239W/m?) (Figure 3.3.1)

Albedo is reflected energy (102 Wiwlivided by incoming energy (341 W/m2)aivout

0.3. It should be noted that albedo depends on the surface of the greshsinow about

0.8- 0.9, desert sand about Ogpenseasand asphal®.05- 0.1).
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Reflected Incoming

Energy Radiation Emitted by,

102W/m? 341 W/m? APsorPed by o imosphere &
Atmosphere onds

78 W/m? 199

7N -
478273
77NN
Latent Heat
80 W/m?

Figure 3.3.1 Earthds energy bal ance

(http://energyeducation.ca/encyclopedia/Earth%27s_energy_budget

Climate forcing of energy production, Fep

Global energy consumptioiGEC) is today about 13,500 Gtoe/a or 157,000 TWh. Year
can be divided to 8766 hours and thus the energy output of energy prodtietion

157,000 TWh/8766h £.79 x 10**W.Ifdi vi ded by the earthodés sur"
energy aitputper nt or climateforcing ofenergy production, Fep

(3.3.6) Fep= EP/A =(17.91x10%) W/ (5.10 x 104 m?2
=0.35 W/nt

Fepis about 0.1 % ofarths irradiance E€402 W/m?).

Effective temperature of the earth(Te)

Finally, we carsolvethe Tfrom theStefanBoltzmann formulg3.3.1)and calculate the
effective temperature of earthe, as follows:

(3.3.7 Te=(E(1-U)ya ¥
Where Ee = 3402 W/m?
U= albedo = 0.3
Te = 3402 x 0.7/5.67 x 10% )14
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=2546 K= 254.6273.2C
=-184C

However, thaneasured temperature of the air & level from the ground is about 15
deg. CEf f ecti ve eart hl84ded. € cupesporald thertempeiatre at a
higher level than 1.5 m from the ground.

Adding global energproducton Fep (0.35 W/R) to Ee (34@® W/m?) in formula 3.37
rises global temperature by 0.065 deg.TGis has been concentrated in cities, which
means that temperature in cities can be considerably higher than elsewhere.

Variation of solar irradiance

Total ®lar irradiancénas been measured by satellites since 1976. The awdrag§ehas
beenduring years 1976 2015 only 1360.95W/m? (Figure 3.3.2

TSI follows 1tyear solar cycle and has its peaks during years 1293 and 2011

2015. We caffind from the figure that the last peak was much lower than the three earlier
peaks. This indicates that that theyElr average irradiance has been declining during
years 2008 2017. This is the reason, why the measured TSI (1360/86°) is smaller

than the theatical TSI (1361.W/m?) evaluated by the formula 3.3.3

Solar Irradiance

1361.8
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wW/m2

1360.2
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—®— Annual irradiance Average e ]]1-yearaverage

Figure 3.3.2Solar irradiance follows 14year solar cycle (annual average figurasd
1l-year averages(irradiancedata sourceVirgo).

The total solar irradiance follows tteame liyear cycle aghe number of sunspots
(Figure 3.3.3).
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Number of Sunspots
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Figure 3.3.3Sunspoturveatfter year 197%asthe same form as solar irradiance.

If the number of sunspots and irradiance are combined in-diXfam, we can find that
they havenonlinear relationship (Figui3.4).

Solar Irradiance (W/m2) and Number of Sunspots
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Figure 3.3.4 Solar irradiance is following sunspots with nonlinear relationship.
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The total solar irradiance (TSI) follows following formula:

(3.38) TSI =1360.202+SQRT(SPOTS/1¥8)0009*SPOTS

Where TSI =Total Solar tradiancgW/m2)
SQRT =square root (mathematical function)
SPOI'S = number of stspots(number)

The formula is proportional to the square root of sunspots. This means that, if the number
of sunspots drop from 60 to zero, the irradiation ehihnge the same amount, when the
nunber of sunspots will change from 60 to 210.

When we know the function between sunspots and irradiation, we can then present global
temperature as a function of irradiance. The irradiance for yearsi18980 has been
evaluated using the forula (3.34) ard presented in a X™iagram (Figure 3.3)5It will

show that, if irradiances varying from 1360.75 to 1385 the temperature will vary from

-0.10 t00.34 deg. C.

Temperature (deg. C) and Irradiance (W/m2)
using 11-year average values (1890-1950)
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Figure 3.3.5Temperature change as a function of irradiance (¥/faring years 1890

T 1950 using 1liyear averages

From the Hgure 3.3.5we will get the equation for warmingaused bytotal solar
irradiance

(3.3.9 dT =1.834x TSI- 1678.4
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dT = 1.2334 x (T]I1678.4/1.2334)
dT =1.2334x (TSk 1360.79)

Where dT = change in global teperature (deg. C)
TSI = total solar irraiance (W/m2)

3.4 Solar irradiance and temperature changes

We know sunspot data since the year 1700 thus it is possible to evatdisince and
temperature data for years 1700900. The irradiance data has meeconstructed in
Figure 3.4.1. The trend in irradiance seems to be upwards with fomr8uk 0.00® x
Year + 1360Temperaturehanges followthe irradiance with formula T =@006 x Year
i 1.022(Figure 3.4.2).

Solar Irradiance for years 1700 - 1875 (W/m2)
1,361.6
1,361.4
1,361.2
1,361.0

13608 || VLML A ST T TETY

1,360.6

1,360.4

1,360.2 y =0.0005x+1360

1,360.0
1700 1720 1740 1760 1780 1800 1820 1840 1860 1880 15900 1920 1940 1960 1980

Figure 3.4.1 Reconstructed solar irragicebased on sunspot numbers.

Global Temperature Changes caused
by Solar Irradiance (deg. C)

ves s \
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Figure 3.4.2 Global temperature asconstructed from solar irradiance (Figure 3.4.1)
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We can then separate the temperature history in two components, where one component
presents solar irradiance and the other rea@d€igare 3.4.3and Figure 3.4.4)Then we

do know the influence of solaradiance since 1710 (34 ear averages) and other reasons
since B00. We can find from the Figure 3.4.4 that main reason for global warming until
the year 1990 has been thalas irradiawe After 1990 the global warming has been
mainly caused by the otheeasons, where the anthropogenic global warmingWAG
seems to be the main reason.

Reasons for Global Temperature Change from Average of
Years 1901-1930(11-year average values, deg. C)

12

2050

e Solar Irradiance == e= == Other reasons

Figure 3.4.3 Reasons for global temperature chardy@ing years 1712018 (11-year
averages deviatiofrom 19011930 average).

Reasons for Global Temperature Change from Average of
Years 1901-1930(11-year average values, deg. C)

1.2

e Solar Irradiance == e e Other reasons

Figure 3.4.4Reasons for global temperature chasgkiring years 189Q018 (11-year
averages deviation from 19AB30 average).
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Very similar results haveeached by Swiss scientists J. Beer et. Al. in their stlidg (
role ofthe sun in climate forcingQuarternary Science Reviews 19. 2000-400),
where they have published Figure 3.4.5.

0.4

. Northern

02 L Hemisphere
- Anthropogenic

Solar + Residuals
_0'6 —I L1 ] ¢ 1 1 1 1 l 1 1.1 | . i J. 1 l 1 i L 1 1 L1 1 i
1850 1900 1950 2000
Year

Figure 3.4.5 Reasons for warming in Northern Hemisphere (J. Beer et. Al. 2000).

We can find from the Figure 3.4.5 that sun has influetaéeimperature morhan other
reasons combined until the year809 After the year 180 anthropogenic (caused by
mands actions) r eas on bavehbaeswenmbrieesl mthepaper: nat i n g

The Sun is by far the most important driving force dfe climate system. Buittle is
known what role solar variability plays in past and present climate change.

After the year 1900 influence of the sun has been evaluated to increase global temperature
by trend value of 0.0017 degrees annually. This mdaatsthe temperatureab been
increasing about 118 x 0.0017 = 0.20 degrees (Figure 3.4.6).
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However, the 1dyear average temperature has been aliblitdeg. C lower than the
average temperature during years 12030and the 36/ear average temperaturestsl
about + 0,1 degC higher than the average during the years 19830.

Because the solar radiation has ayB@r cycle, the temperature future temperature will

probably decrease so that the ldagm trend is horizontal.

Global Temperature Changes caused
by Solar Irradiance (deg. C)

1940 1960 1980

=== ]]-yearaverage 30-year average

------- Linear (11-year average)

Figure 3.4.6The dobal temperature change caused by solar irradiance.

If the influence of the sun will be eliminated, the other reasons for global warming will
remain. This is mainly anthropogemtobal warming (AW) causedy actions of man
(Figure 3.47). The other reasons vewarmed the globe from the years 18930 with
about 0.1 deg. C until the year 1985 dan@ deg. C untilthe year2018.

Other Reasons for Global Temperature Change from
average of Years 1901930 (11year avg. values,

deg. §
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Figure 3.47 Global warming from 1901 1930 after correction of sun irradiance using
11-year average temperatures.
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If we calculae trends of global warmingfterthe year 190 (Figure 3.48), we will find
that the global warming trend after correction of sun irramiidnllows formula (3.4.1).

(3.4.1) dT =0.036x (YearT 1985.6)(See Figure 3.8)

Global Warming after Correction of Solar Irradiance Change from
Average of Years 1901-1930(11-year average values, deg. C)

22 )
2.0 4
L8 y = 0.0336x- 66.769_ 7 i

1.6 : —

1.4 ’
4
12 s

1.0 id“
0.8
0.6

0.4
0.2

0.0 »Lﬁwij,- e ettt

-0.21900 1910 1920 1930 1940 1950 1960 1970 1940 1990 2000 2010 2020 2030 2040 2050

¢ 1890-1990 A 1991-2018 = = = Llinear (1890-1990) == == Linear (1991-2018)

Figure 3.48 Global warmingtrendsfrom 1901 1930 after correction of sun
irradiance using lidyear average temperatures.

Warming trend is 0.34 degrees C in decade or 3.4 degrees C in a century. This wi
mean thatthe 1.5-degree limit will be achieved in the year 20Band the 2.0-degree
limit in the year 2045.

3.5 Long term temperature measurements and irradiance

The reconstructed global temperature can be compared with actual temperature
measurements. One of them in De Bilt in Holland, where the continuous measurements
were stard in the year 1706. Thus, we havey@ar average measurement from this site
sincel736 Figure 35.1).
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Global 30-year average temperatures
in De Bilt, Holland and T(TSI) (deg. C)
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—e—T(TSl) —e—De Bilt

Figure 35.130-year average temperature measurements in De Bilt and reconstructed
global temperature T(S| caused by sun irradiance.

The figure irdicates that temperature on the ground level follows the fluctuation of the
solar irradiance. If we put the actual -3@ar average temperatures at De Bilt and
reconstructed temperatures, TH(), in XY-diagram, we can find that TEI) explains
about 60 % othe variation in ambient temperature in De Bilt in Holland migiyears
175071 1950 (Figure 3.5.2

Measured 30-year average Temperature in De
Bilt as a function of T(TSI) (1750-1950)
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Figure 3.5.230-year averagedmperature in De Bilt, Holland as a function of
reconstructed globakemperaturel (TSI) calculated from irradiance
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A formula for calculating temperature in De Bilt changes has the form:

351 T (DeBilt) = 0.59 x T(TSI) - 0.056

Where T (De Bilt) = temperature change in De Bilt, Holland

T(TSI) = reconstructed global temperature calculated from solar irradiance
(see formuleB.4.1)

The local temperature in De Bilt seems to follow very closely su
irradiance, which can explain alout 60 % of the temperature changes
between years 1750 1950.

>
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4 CARBON DIOXIDE

4.1 Concentration of CO-

Carbon dioxile (CQ) is a product oburning of coal (C), when coal molecules and
oxygen molecules (§) areforming carbon dioxide (Cg).

Measurements of carbon dioxide in the air was startedhayles David Keeling(1928

T 2005)in Maura Loa, Hawaii. He used an infrared (IR) gas analymbich measures
strength of IR radiation at specific wavelengtivben IR radiation is transmitted thru a
sample of air and then measured the strength of IR radiation after the beam has gone thru
the sampleTransmittance of IR radiation depends on wavegtlerand if CQis in the

gas transmittance & % at 9 um wavelengthandnearzeroat2.7, 4.3 and 15um wave

lengths (Figure 4.1.1)

100 T T T T
il .
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20 .
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0 ] ] ] ] ] ] ] ]
a 1 2 3 4 & T i 9 10 1 12 12 14 14

&
Whavelength (microns)
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—— HO Ch H0 % Cr HeO GOk Tk
Gk Gk .
HLC Ahsarhing Molecule

Figure 4.11 Transmittance of gases in IR analyzer.

Measurement of carbon dioxide concentration are being madefrayeoh detectors,
which send infrared signal throughchamber (Figure 4.1.2) and then measuring the
strength of IRsignal after it has passed through the chamber. These measurement
principles should proof everybody that £® absorbing IR radiation. Thesvho think

that carbon dioxide warming is not trueué contact Vaisala, which is a manufacturer

of CO, detectors.
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Figure 4.1.2 Measurement principle of €€ntent in air(Source: Vaisala)

Keeling started his measurementsaficentration of C@in 1958 in Mauna Loa, Hawaii.
His first result was 314 ppm (parts per million). The continuous measurements have been
made since the and first full year was 1959, when the annual average was 316.0 ppm.

The measurements made thereaftaticate continues risg of CQ level in the
atmasphere (Figure 4.3). CO. concentration in Mauna Loa has been rising with
increasing trend. It was rising with 1 ppm annually in 1970 and ab®pipg annually

in 2017 (Figure 4.14).

Concentration of CO2 in the Atmosphere
(Ppm)
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Figure 4.13 Concentration of C®in Mauna Loa.
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Annual Increase in CO2 Concentration (ppm)
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Figure 4.1.4Concentration of C@in Mauna Loa.

4.2 CQ emissions from fuels

Historical energy dataf world since1850 have been documented in three souidies:
Welt in Zahlen 1850900, EIA Statistics 1900960 and BP 196(02018. The primay
energy was dominated by coal until the year 1960 (Figure 4.2.1).

Consumption of Primary Energy from
Fossil Sources (Mtoe)
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Figure 4.2.1 Consumption of primary energy in the w@¢8Bdurce: Die Welt in Zahlen
18501900, EIA Statistics 1900960 and BFStatistics1960 2013).
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Using the EIA data, the G&missioms have been increasing from 11 Gt/ year to about
35 Gt/a in 20B (Figure 4.2.2). The cumulative emissions have been inogéom
about 200 Gt in 1965 to aboufd0 Gt in 208 (Figure 4.2.3). The form of the curve is
identical to CQ concentration givemn Figure 4.1.3.

World CO2 Emissions from fossil fuels (Gt/a)

1850 1870 1890 1910 1930 1950 1970 1990 2010

mCoal mOil mGas

Figure 4.2.2C0O; emissions of f&sil fuels (SourceDie Welt in Zahlen 1850900, EIA
Statistics 1901960 and BP 196®018).
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Figure 4.2.3CumulativeCO; emissions of fsil fuels Die Welt in Zahlen 185090Q
EIA Statistics 190960 and BP 1962018).
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However, there will be resource limits for future emissions. AccordingBtiiesh
Petroleum Statistical Yearbook ZDthe proved reserves of fossil fuels are aldfig5
Gtoe (Table 2.1). Consumption of fossil fuels was 11.3 &tm 20T. Thus, the
resources will be exhaustedda years, if the consumption continues at pretersl.

Table 42.1 Proved reserves of fossil fuels (Gtoe, Source BP statisti&.201

Countries Coal Oil Gas Total
USA 153.0 6.0 7.4 166.5
EU 46.5 0.6 1.0 48.1
Russia 97.8 14.5 29.6 142.0
Australia 88.3 0.4 31 91.8
China 84.7 3.5 4.6 92.8
India 59.6 0.6 1.1 61.2
Saudi Arabia - 36.6 6.8 43.4
Rest of the world 101.3 177.1 110.3 388.7
Total 631.4 239.3 164.0 1034.6
Consumption 2017 3.7 4.6 3.1 11.3
R/C (Years) 170.4 52.4 53.4 91.2

If all fossil fuelreserve will be burned the ture emissionsvill be about3590 GtCO,
(Table 42.2). The total emissions will be then cumuNaemissions until present (2@
Gt) plusthe emissions fronfuel reserve (3590 Gt) or totally 5086 GtCQp. If the
remainingresources Wil be burnedn 91 years, he emissiors will be 3592Gt/92 or 39
GtCO/year However,the additional resource found by the will magessible the

continue in this level for another hundraad fifty years.

f ossi

Table 42.2 Potential iture CQe mi s si ons wo r |
Countries Coal Oil Gas Total
USA 600 18 17 636
EU 182 2 2 187
Russia 383 45 69 497
Australia 346 1 7 355
China 332 11 11 353
India 234 2 2 238
Saudi Arabia - 112 16 128
Rest of the world 397 543 258 1,199
Total 2474 734 384 3,592
Emissions until 201 719 790 233 1,741
Total 3193 1524 616 5,334
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The ultimde recoverable reserves are about thiraes of the known reserves. Thus, the
theoretical cumulive emissions will be abou®1300 Gt (Table 4.3.3)The remaining
reources will be able to emiatodays 34 Gt/¢éevel for the next 30 yearg8547/34)

Table 42.3 Emissions of CQultimate fossil fuel resources will be burned.

Countries Coal Oil Gas Total
USA 1,799 55 52 1,907
EU 547 6 7 560
Russia 1,150 134 208 1,492
Australia 1,038 4 22 1,064
China 995 32 33 1,060
India 701 6 7 714
Saudi Arabia 0 337 48 385
Rest of the world 1,191 1,630 775 3,596
Total 7,423 2,203 1,151 10,777
Emissions until 2017 719 790 233 1,741
Total 8,142 2,993 1,384 12,519

4.3 CO2 emissions of forests and cement production

Additionally, forestshave caused global G@&missions, which have been measured
properlyonly since 1996 The datfaorodstworhas been gi ven
| have collected from Fao data. The document can be downloaded from home page of
Ekoenergo [(fttp://ekoenergo.fi/page79.php. According to FAO statistics thenet
emissions caused bthe forestshave been changing betwe2® and 1.1 Gt annually

(Figure 43.1). There are countries, which were acting as carbon sinks, butcoungies

which were desbying forests.

Net CO2 Emissions from Living Forests

(GtcO2/a)
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Carbon sinks CO2 emissions Net CO2 emissions
Figure 43.1 CO, emission®f forestssince 1990 Souce FAO Statistics).
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The top five countries in CO2 emissions of forests have been given in Figure 4.3.2.
Indonesia has caused about 1 GtCO2 emissinngally. Emissions in Brazil have been
decreasing, but the total these five have been remining netirgysdme level as in 1990.
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Figure 4.3.2 Largest CO2 emissions from forests (Data of World Forests).

Top five countries in carbon sinks have beeregiin Figure 4.3.3. They include USA,
China and Russia Federation. The total sinks of these five hanadreaining at level
of 0,8 GtCO2/a.

0.20

0.00

-0.20

-0.40

-0.60

-0.80

-1.00

-1.20

-1.40

Top Five in CO2 Sink in Forests (GtCO2/a)

mUSA ®mChina ™ Russian Federation Japan M France

Figure 4.3.3 Largest Carbon sinks in forests (Data of World Forests).

Also cement production is causing £émissiondecause the raw material Cagltas
carbon.The chemicalprocesshas formulaCaCQY Ca O ,+TheCGm emissions
from cement manufacturireye today about 1.5 GtCO2 annually (Figure 4.3.2).
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CO2 Emissions of Cement Industry (GtCO2/a)
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Figure 4.3.2 CQemissions from cement industry.

Theforestemissiondave beetarger than fuel emissions befor@0. (Figure 43.3), but
the actual figures have not been publish&dday, the total emissions are abou Gt,
whereforestemissionsareaboutl.1 Gt (3 %) and cenent emissions are 1.5 Gt (4 %).

Global CO2 Emissions (Gt/a)
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Figure 43.2 Annual CQemissions since 1850.

The cumulative C@emissions includinghe forest and cemesectors have increased to
about 255 Gt since 1850 (Figure 4.3.4), where emissions from fuels &% G¥ and
forest emission abo®@30Gt and cement emissions 40 Gt.
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Cumulative CO2 Emissions (Gt)
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Figure 43.4 CumulativeCO, emissions of fuel$orests and ceemtproduction

The future emissions have been estimated usigcenarios: trend (emissions continue
with trend 19662018), constant (emissions remain at 80dvel) and saving with 1 %, 2
%, 3 % and 4 %annuallyand target emission&igure 43.5). With the present énd
emissions will be 70 Gt by 21Ghd will reducd 2%/aafter 2100 because the fuels will
be exhausted

More important are the emission development until the year gagQre 4.3.6) With
about2 % annual saving th€0O, emissions willbe 18 Gt in the year 20 The same
result will be achieved, if the emissions will follow a realistic target, where the saving
will start only after the year 2025.

Reduction Strategies for CO2 Emissions (Gt/a)
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Figure 4.3.5 Reduction strategies for £€mnissions.
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Reduction Strategies for CO2 Emissions (Gt/a)
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Figure 43.6 CO; emissia reductionscenarios.

The cumulative emissions whle3200 Gt by 250 and5000Gt by 2100, if the emissions
stay at the constant level@3 Gt/a) (Figure 43.7and 4.3.8.

With 1 %savings 3050Gt by 2050 4080Gt by 2100
With 2 % saving 2900 Gt by D50 3500 Gt by 2100
With 3 %saving 2800 Gt by 2050 3200 Gt by 2100
Target savings 3080 Gt by 2050 3460 Gt by 2100
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Figure 4.3.7 Cumulative emissions until 2200.
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Cumulative Emssions (GtCO2)
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Figure 43.8. Cumulative C@emissionsintil 2050(Gt).

4.4 Forecasting CQ-concentration using a linear model

If cumulative emissions (Figure 314) and CQ concentration(Figure 4.1.3)will be
presented in XYdiagram, we can find that GQconcentration follows cumulative
emissions with linear relationship (Figure 4.4.1).

Concentration of CO2 (ppm) as a function of cumulative CO2-
emissions (Gt)
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Figure 4.4.1 CQconcettration as a function of cumulative emissions.
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We can find that the concentration has been a function of cumulative emissions by
formula(4.4.1)

(4.4.1) Concentration=0.0637 x CE + 270.0
Where CE = cumulative C@emissions

If cumulative emissions areero, concentration will be 270 ppm. This could be the
concentration before the start of industrialization era before 1850. The cri@glpm
level will be exceeded when the emissions will be 2830 Gt

(4.4.2) CE = (concentration-270)/0.0637= (450:270)/0.0637= 2830GtCO2

The model can be used to forecast future concentration. If the emissions will be 4000 Gt,
the concentration will be 527 ppm (Figure 4.4.2).

Concentration of CO2 (ppm) as a function of cumulative
CO2-emissions (Gt)
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Figure 4.42 Mass of CQin the atmosphere as a function of cumulative emissions.

With linearmodel he CQ concentration in th atmosphere will increase td Bppm by
220Q if theemissions will continuat constant levelFigure 4.43). If reduction will be
1 % annually, the concentration will bd®HBppm by 2100 609 ppm 2200). With2 %
annualsaving, theconcentration will be less thas05 ppmby 2100 (24 ppm 2200)
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Concentration of CO2 in the Atmosphere
with Linear Model (ppm)
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Figure 4.43 Concentration of C@in atmosphere with linear model until the year 2200.
Until the year 2050 the target emission and 1 % annual saving plans will cause CO

concentation to reach 480 ppm (Figure 4.4 MJith constant emissions the concentration
will be 490 ppm.
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Figure 4.44 Concentration of C@in the atmosphere with a linear model until 2050.
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4.5 Mass balance model

Even if the lineardrmula seems to be correittis not. More accurate forecasting can be
made by modelling the GCemissions (AMO2e), mass of C®in air (dMCOZ2a) and
seas (MCOZ). We can in the first phasmlculatethe mass of C@in the air(MCO2a)

in 1960 and increasef mass in the air untihe year 207 simply by converting C®
concentration values to mass.

(4.5.) MCO2a(1959)= Concentratiorf1959)x mCO2/mair x Mair
Where Concentratior{1959)= 316.91

mCO2 = mole mass of CO2 = 44.0095

mair = mole mass dir = 28.97

Mair = mass of air 5.148x10'8t

MCO2a (1959 = mass of CO2 in air in 1959

= 44.0095/28.97 x 5.148 x 16 x Concentration (1959)

=7.8205 x 316.91 2478.4 Gt

Mass of CO2 in Atmosphere (Gt)
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310 320 330 340 350 360 370 380 390 400 410
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Figure 4.5.1Mass of CQin atmosphere can be calculated from £fncentration in
air.

We can then presethe mass of C&n the atmosphere in Xdiagram as a function of
COz concentration as a linear relationship (Figure 4.5.1). The formula for mass of CO
the air (Mair) in a function of C&concentration:

(4.5.2) Mair = 7.8205 x Concentration of G air (ppm)
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If we know the CQ emissions (dMe) and GQroncentration irthe air, we can then
calculate increase of mass of &@®the air (dMa) and finally the change of the Gass
in thecarbon sinkgdMs)

(4.5.3) dMs = dMe- dMa

Based on the data from @9 to 2017 the absorption of the emissions can be calculated.
We can ind that about 50 % of the emissions will be absorbed bgdheon sinkand
about anotheb0 % by the atmosphere (Figure 4.5.2).

The same figure can be presented also by given camdahas negative values and then
the remaining emissions afteinks will present carbon dioxide which will remain in the
atmosphere (Figure 4.5.3).

Absorption of CO2-emissions by
the Atmosphere and by Carbon Sinks (GtC0O2)
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Figure 4.5.2 Absorption of Cmissions by the atmosphere anddadbon sinks

CO2 Emissions, Carbon sinks and the Net CO2 in
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Figure 4.5.3 Emissiaminus sinks is the G@emaining in the atmosphere.
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More exact estimation of GOn the atmosphere can be found as a function of CO
cumulative CG-emissions since 1960 (Figure 4.5.4). Then we can find that 52 % (724
Gt) of the cumulative emissions (B1GtCQ) has beememaining in the atmosphere.

Increase of CO2 in Atmosphere since 1960
(GtCO2)
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Figure 4.54 Increase of CO2 in Atmosphere since 1960.

The carbon sinks as a function of emissions have been presented in Figure 4.5.5, where
the formula indicates that 48 % of emissions have been abdwoytikdcarbon sinks.

Increase of Carbon Sinks since 1960 (GtCO2)
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Figure 4.5.5 Increase afrbon sinks since 1960.
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If we thencalculate increase of mass of gd@thecarbon sinks (Msand will present the
realts in XY-diagram (Figure 4.6), we can find formulsifor CO, absorption of the
seas

(45.4) dMs = 0.1257 x CCO2a 33.245(linear formula)

(4.5.5) dMs = £6.0x In (CC0O2)252.72(logarithmic formula)

Global Carbon Sinks (GtC0O2/a)
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y =0.1257x- 33.245
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5 S ® 90 . y=45.0xIn(x) - 252.72
e %o
- °
0
300 320 340 360 380 400 420

Figure 4.56 Linear and logarithmicmodes of absorption of C@by carbon sinks

IPCC 2.4 version of he carbon balance has been preskimtd-igure 4.5/, where the
anthropogenic emissions have been indicated by red and natural emissions by black color.
The figure indicates that from tI395GtC (365Gt fuels + ® Gt vegetationgmitted240

Gt (61 %) has been absorbed by the atmospherel8B&tC (39 %) has been absorbed

by theseaq1l GtC = 3.66 GtCg).

The absorption of 155 GtC (432 Gte)dy theseadhas increased to total carbon content

of the seas (37.100 GtC) only with 0.4 %. If all the fossil fuel reserves will be absorbed
by the gas, the mass of carbon will increase with the 2700 GtC, which is 7 % from the
present mass.

Absorption of carbon digde by seawater is caused by the difference of partial pressure
of COzin the air and partial pressure of €@ the seawater. The absodd@0O, will react

with the water and form carbonic acid>E0s). This has caused acidification of seas,
which hasbeen noticed. The pH value of the seawater has decreased from about 8.179
before the industrialization years to about 8.069 in present. Howtheeralue should be
below 7.0 to indicate acidity. Neutral water has pH value of 7.0.
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Figure 45.7 Mass baance of carbon (MC = MCg& 3.66)in the end of year 19%ind
marked with recanthropogenic changes in carbon balance in air, seas and ground
(source: IPCC 204 AR5 IPCC cumulative emission aB95GtC=1446 GtCQp. This is
less thar000 GtCQ givenhere in Figure 43.4).

Additionally, the sea currents seem to be spreading the€rG@ the surface to the deep
oceans. In the Atlantic the Atlantidultidecadal Oscillation (AMO) is pumping the
surface water to the bottom near the Nordic Circle (See chagtdtfigure6.3.4.
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4.6 Forecasting CO» concentration using mass balance mod el

We can make forecasting of future concentration starting fhenmemissions scenarios
from the year 201dsing flowing algorithm:

1) In the beginningwve will evaluate C@ emissions (Me) for the year 28Dby each
scenario.

2) We can thercalculate the change of mass of G®thecarbon sinkgdMCO2s)using
the logaithmic formula dMs(2019)= 45.0x In (CC0O2}252.7for the year 209

3) The change in Cmass in the atmosphedMa(200) = Me(2018}dMs(201)
4) Then he mass of C&in the atmospheréa(2019) = Ma(20B) + dMa(2018)
5) Finally, the concentration &O; in the atmosphere will be Ma(29)17.8205

These calculations have ledore for all scenarios until the year 22QBigure 4.6.1).
From the figure we can find that the present trend from 1960 will continue, theCO
concentration wilhave a peak of10 ppm by the year 2130.

With constant C@emissions the concentration will increase until the year 2200, where
it will reach 580 ppm. With 1 % annual savings the peail be 455 ppm by the year
2060

CO2 Concentration in Atmosphere
with Mass Balance Model (ppm)
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Figure 4.6.1CO; concentration in the atmosphere wihass balance model.
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With 2 % annual savings the peak will ber4m by the year 204@-igure 4.6.2)With

3 % annual reductions the peak will betd0 ppm in 208 and finally with 4 % annual
reductions the peak will be at 425 ppm at 2082%h the nore realistic target scenario,
the peak in concentration will be achieved in the year 2046 at 454 ppm.

CO2 Concentration in Atmosphere
with Mass Balance Model (ppm)
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Figure 4.6.2C0O; concentration with mass balance model.

Concentration will stay at the present level, if the emissions will be reduced with 50 % or
to level 18 Gt/a in the year 201This is the level, which the carbon sinks can absorb all
emitted CQ today (Figure 4.6.3).

CO2 Concentration, if CO2 Emissions will be
reduced with 50 % in 2018
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Figure 4.63 CO, concentratia, if the CQ emissions will be reduced with 50 % in the
year 2018.
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With constant C@emissions the fference between the linear and mass balance models
will begin increasingafter the year 2050 (Figure 4. Linear model predicts that
concentration will be &8ppmin 205Q but the mass balance model onk04$4pm and

the linear model gies3 % higher cacentration. In the year 2100 the figures@i@ppm

and 28 ppm and the difference is already%.

CO2 Concentration with Linear and Mass
Balance Models with Constant Emissions
(Ppm)
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Figure 4.64 Differencein CO, concentration with linear and mass balance modétse
emissions will remaigonstant

The difference with the lineaand the mass balance models becomes even greater, if
emissions will be saved 1 % annually (Figure 4.6.5). In the year 2100 the concentration
will be 543 ppm with the linear model and¥4ppm with the mass balance model. The
linear model gives 2 % higher oncentration.

CO2 Concentration with Linear and Mass
Balance Models with 1 % annual savings (ppm)

700
600

00 /
400 /

300

200

100

0
1950 1975 2000 2025 2050 2075 2100 2125 2150 2175 2200

® Measured @ Linear Mass balance

Figure 4.65 Difference in CQconcentration with linear and mass balance models, if the
emissions will be saved 1 % annually.
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Differencein CO, concentration with linear and mass balance models will become great,
if the emissions follow th target scenario (Figure 4.6.6). In the year 2100 linear model
gives 500 ppm anthe mass balance mod#O0 ppm.

CO2 Concentration with Linear and Mass
Balance Models with Target Emissions (ppm)

550
500

450

400 /
350

300

250

200
2000 2020 2040 2060 2080 2100 2120 2140 2160 2180 2200

® Measured Linear Mass balance

Figure 4.6.6 CQconcentration with linear and mass balance models, if the emissions a
reduced with the target scenario.

Target reduction scenario

In my opinion it is possible to reduce €@missiononly gradually with target scenario.
Then the emissions will increasatil 2025 and start to decrease then first with 1 %
annually, then with 2 % annually, then with 3 % annually and 20604 % annually.

This will reduce the C&emission to the same level as the carbon sinks by the year 2045
(Figure 4.67). The CQ content in the atmosphere will be started the to decrease.

The CQ concentration will then reach its peak value of 450 ppm atahee year 2045
(Figure 4.68). After 2045the CQ concentration will start decraag. CO2 concentration

will be about 300 ppm in the year 2200. This is quite near the figure 290 ppm, which was
in the beginning of the twentieth century.
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CO2 Balance, if Emissions will be Reduced with
Target Scenario (MtCO2/a)
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Figure 4.67 CO; balance, if emissions will decreas#h the target scenario
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Figure 4.68 CO, concentration, if the emissions will decreagth the target scenario.

1 % annual reduction scenario

If CO, emissionswill be reducedwith 1 % annually. This wilteduce te CQ emission
to the same level as the carbon sinks by the year 2064 (Figue #tee CQ content in
the atmosphere will be started the to decrease.

71



CO2 balance, if Emissions will Decrease 1 %/a
(GtCO2)
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Figure 4.69 CO; balance, if emissions will decrease 2 % annually.

The CQ concentration will theneach its peak value of 460 ppm in the year 2064
(Figure 4.610).

CO2 Concentration, if CO2 Emissions
will Decrease 1 %/a (ppm)
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Figure 4.610 CO, concentration, if C@emissions will be reduced 1 % annually.

Finally, if the emissions will stay constant at this level, the Géhcentration will peak
at 30 ppm by theyear 2200 (Figure 4.7.2). Global temperature will rise until then,
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4.7 Forecasting CO» concentration until the year 2500

Long term emissions and absorption of &fave been forecasted with the mass balance
model, if the emissions will stay constanBét5 Gt/a until the year 2200 and then start
to reduce 2 % annuallyecause the sourcefossil fuels have been used by tl{€igure
4.7.1)

The absorptioiy thecarbon sinkg¢dMs) will take more that 90 % of the emissions (dMe)
after the year 2170. Em after the year 2200, when the emissions start to reduce 2 %
annually, the isks (dMs) will absorb more Cg&han will be emitted and mass of €@

the air will start reducing.

Forecasting Emissions and Absorption until 2500
using the Mass Balance Model,
if the Emissions will stay Constant (Gt/a)
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_10.01900
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-40.0

® Emissions @ Carbon sinks Atmosphere

Figure 4.7.1 Emissions, absorption by ttagbon sinkandcarbon in theatmosphere, if
the emissions stay constant until the year 2200.

FutureCOz concentrationg air can be calculated based thelogarithmicmodelof CO,
absorption by theeasassuming the emissions widbntinue at present level o &t/a
until the year2200and then reduce? % annuallyafter 2200 because of the fossil fuels
will exhaustedFigure 47.2).
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CO2 Concentration, if the emissions will stay at
constant level until the year 2200 (ppm)
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Figure 47.2 CO; concentration, if the C&emissionsemain stable until the yea2f0
and will start to reduce after this 2 % annually

The critial value of 450 ppm will be achieved by the year@2(3e peak value of CO
concentration 0580ppm will be seen in the ge 2200. After this year, the concentration
starts decreasing, if the emissions decrease 2 % annbialyd ay 6 s 9 ppm will o f
be reacheagainby the year 236.

4.8 Radiative forcing by CQ

The greenhouse gases include water vapgD)Harbon dioxide (Cg, methane (Ch)
and nitrous oxide (PD). They all absorb IRadiation at specific wavelengths (Figure
48.1).

The outgong IR radiation is going out at about 15 um band (Figure 4.8.2). There we can
find that without CQ (blue curve) IR radiative flux would have a peak at 15 pm.
However, at present G@ontent (black curve) the radiative flux at 15 um drops more
than 50 % (fom 0.38 to 0.15 Wrlcm'Y).
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Radiation Transmitted by the Atmosphere
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Figure 48.1 Absorption of IRwaves by different greenhouse gases

Radiative flux (Wm™/cm™)

Figure 48.2 Outgoing radiative flux depending on the wavelength at presentevél
(black curve), at zero CQevel (blue curve) and at zere@ level (ed curve)(Souce:
Thegreenhouse gas effect and carbon dioxide, Weney Zhong and Joanne D. Haigh, Royal

Meteorological Society).
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Figure 48.3 Svante Arrhenius (1858
1927).

Swedish chemistSvante Arrhenius,published inPhilosophical Magazinand Journal
of Sciencan April 1896 a formula for radiative forcing caused by the growth of CO
concentration in the atmosphere:

-~

(4.8.1) Rf=U x I n (C/ Co)
Where Rf = radiative forcing (W/rf)

U(alpha) = constant,

In = natural logarithm

C=concentratin of CQ in the atmosphere

He calculated that, if the concentration of 8@l double then the global temperature
will rise with 57 6 deg. C. He developed this formula based on infrared tables, which
were created bypamuel Pierpoint Langleyin Rocky Mounaing USA, where he was
measuring the IRadiation of the moon.

Intergovernmental Panel Climathange (IPCC)has used thevalue 5.35for the
coefficientUin the formula. Thus, the formula can be presented in form:

(48.2) Rf = 5.35x In (C/Co)

If we give value Co =316 ppm forthe year 1959or the concentration, the we can
calculate radiative forcing fohe years 1959 2017 (Figure 48.4).
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Radiative Forcing of CO2 using Model
Rf=5.35 x In(C/316.9)
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Figure 4.8.4 Radiative forcing bgoncentration of C@using IPCC modeRF=5.35 x
In(C/Co).

Temperature change in the atmosphere should lokrect relationship with radiative
forcing:

(4.8.3) dT = & x Rf
Where dT = change in temperature
& = | amb dytoradiaive foscingt i Vv i

Rf = radiative forcing.

If radiative forcing (Rf) and temperature after sun irradiance corre€tidi(TSI)) are
presented in XYdiagram, the value of lambda can be found (Figu8é&y.

The value of lambda seems to be 0.744 (F&gu8.5), but there are large deviations in
the calculated values from the actual values. 95 % confidence values G2 ddg. C.
Formula for global warming is then.

(4.8.4) dT = 0.744 x 5.35 x (In(C/Cd) 0.146
dT = 3.98 x In (C/CoJ 0.146
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Global Temperature after Correction of Solar Irradiance
T-T(TSI) as a Function of Radiative forcing of CO2
Concentrion
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Figure 48.5 Change in global temperature as a function of radiative forcinghley t
change in C@Qconcentrationp.35 x In (C/Co).

With formula 48.4 we can then calculate the global warming, if thes €a@hcentration
will be double

dT=3.98xIn2=26deg. C

The range of global warming in doubling of €given by Svante Arrhenius in 1896 was
571 6 deg. C. Thus, the evaluated figure @iég. C.) is only a half of Arrhenius estimate.

We have already foungéeformula 3.3.9) that sensitivity of solaradiance was dT =
1.233 x TSI. Assumingthat this is true we can develop new formula for.@fcing

(4.8.5) Rf = 3.98/1.233 x In (C/Co)
Rf =3.27x In (C/Co)

The coefficient is 3.27 clearly smaller than the value 5.35 given by IPCC. Thiasting
from the year 1960, the Rf has been rising from zero tevn& (Figure 48.6).
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Radiative Forcing of CO2 (W/m2),
3.227 x In (C/C0)

0.90
0.80
0.70
0.60
0.50
0.40
0.30
0.20
0.10

0.00
1950 1960 1970 1980 1990 2000 2010 2020

Figure 48.6 Radiative forcing by formula Rf = 32 x In(C/Co).

Best fit with the measured globabrming starting from the year 89 can be aclaved
with formula 48.6.

(4.8.6) dT = 1.28 x (3.227x In (C/316) + dTS))
=398x In(C/316) +1.2B x dTSI,
Where C = concentration of CO
dTSI = deviation of total solar irradiance from averaggezirs 19011930

This formula does not predict warming before 1960, when then@asurements were
not available. The best fit from the years 1910 to 2017 can be achieved with formula
4.8.7.

(4.8.7) dT = 3.98x In (C/292) + 1.233 x TSI

Within the years 1960 2018 te standard deviation tfe model i9.096 deg. C (Figure
4.87), but within years 1910 2010 it is only 0.18 dg. C (Figure 4.8.8). Timslicates

that CQ concentration alone cannot predict global warming alone. We will need a better
model, which will be given in chapter 5.
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Modelled (dT=3.98xIn(C/316.9)+1.233 x dTSI) and
measured global 11-year average Temperatures
(deviation from 1901-1930 average)
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Figure 48.7 Modelled and measured tepratures1960- 2018

Modelled (dT=3.98xIn(C/316.9)+1.233 x dTSI) and
measured global 11-year average Temperatures
(deviation from 1901-1930 average)
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Figure 48.8 Modelled and measured temperatut€d 0- 2018
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4.9 Temperature rise using CO2concentration as a variable

The future temperature changes can be forecasted using mass balance model developed

in chapter 4.6Concentration of CQ will be forecasted depending on the saving strategies

(Figure 46.1). If the emissions increase with the present trend the peak c@ticenivill

be achievedaf0 0 ppm by the year 2100. I f the conc
the peak of 550 ppm will be achieved in 2180. With 1 % annual savings the peak will be

450 ppm by the year 205W/ith the target emissions CO2 concentratiothalso have a

peak at 450 ppm in the year 2045.

If these concentrations will be used, future globaiperatures have been given in Figure
4.91 until 2200. If the emissions will continue to increase with the present triéred
temperature will be peatg at 3.3 deg, C in the year 2130ith constant emissiorthe
peak will be at 2.5 deg. C in the yeafp2

With 1 % annual reductions the temperatuzakpwill be at 1.3 deg. C by the year 30
(Figure 4.9.2)If the emissions will be reduced 50 %2619, the global temperature will
stay constant at the present level abolidggrees from the years 1901930.

With the target scenario the temperature will peak at 1.5 deg. C in the year 2045.
However, we should remember that this model doesta&&into account variations in
total solar irradiance and sulfur oxide, which both can add about 0.3 dagtessvalue

as we will see in the chapter 5.

Temperature Change Caused by CO2
Forcing dT=3.98 x In(C/316.9)
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Figure 4.9.1Forecasted temperatures using £6s only variable with mass balance
modé (chapter 4.6).
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Temperature Change Caused by CO2
Forcing dT=3.98 x In(C/316.9)
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Figure 4.93 Global temperature changes cauaesingCO, as only variable andising
mass balance modebf concemtaition (chapter 4.6)

Summary

Mass balance modébrecast with only C@as variableshows that, if emissions will
remain at present levehe peak temperature value28 deg. C will be achieved by the
year 200. The 2.0deg. C limit will beachieved by the yealP0.

With 1 % annual savings, the global tempemtwill be peaking atl.48 deg. C by 260
(Figure 49.2). With 2 % annual savings, the global temperature will have a peaR at 1.
deg. C by 260. With 50 % reduction in 2018 the tempture will stay constardt the
present levieat about +1.1 Deg. C

Changes in global temperatuedter correction ofsolar irradiance with alternative
emission scenas using a mass balance modsing CQ forcing (chapter 4.6) rebeen
summarized in Tale 49.1.

Table 49.1 Changes in global temperatures using mass balance maejeéndingnly
on the CQ emissions.

Year Trend Constant 1% Saving 2 % Saving 50 % Saving Target
2018 1.08 1.08 1.08 1.08 1.08 1.08
2030 1.35 1.33 1.30 1.28 111 1.34
2040 1.59 1.50 1.42 1.34 1.11 1.47
2050 1.82 1.64 1.48 1.35 1.10 1.49
2100 3.00 2.10 1.39 0.92 1.10 0.80
2200 2.63 2.49 0.53 -0.08 1.10 -0.26
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Results of model using only C@as a variable:

If the COz2 emissions will continue apresent level, ¢pbal warming will have a peak
at 2.5 deg. Cby the year 2200 With 1 % annual savings in emissionsr with the
target emissionghe peak value will beat about 15 deg.C by the year 2(®0.

This model is notgood enoughBetter model has been developed, which into accou
also Sulphur okide emissions (Chapter 5).
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5 MODELLING GLOBAL WARMING USING TSI, £&AND SQ

5.1 Sulphur dioxide emissions

Fossil fuels contain Sulphur, which becomes Sulghoxide (SQ) in burning process.

Most of the emissions have been coming from coal condustntil the year 1950
(Figure 5.1.1). However, after 1950 oil and petroleum products have had also significant
role.

Global SO, Emissions
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Wasie
= .
125,000 Ag ‘Waste Burning
Biomass fuel
B Grassland and Forest Fires
o) IOCI,OOD Other Process
8 " Metal Smelting
,:'.:f' Hnternational Shipping
= 75.000 Peiroleum Combustion
g B Coal Combustion
& 50,000
25,000

Ll

Year

Figure 5.1.1Global Anthropogeni&ulfur oxide emissions (Souréathropogenic sulfur
dioxide emissions: 185@005.Atmos. Chem. Physl1, 11011116, 2011).

After 1975 standards for Sulphur removal from fuels #nd gaseshave decreased
anthropogenic S€ emissions. But after 2000 China and India started massive
constructionprograms of coal fired plants and have been the top emdiiecs then
(Figure 5.1.2 There have been also volcanic eruptions which have been adding about
15-20 million tons on the top of about 100 Mt anthropogenig &GissionsThese have

only shortterm influence on S&concentration, which lasts about two sea

After 2005 the S@emission have been reduced with 9.3 million tons within five years
or in average .B6 million tons (1.8 %) annually (8e The last decade of global
anthropogenic sulfur dioxide: 2008011 enssions). It has been assumed that redost

will continue 1% annually after 2010 (Figure 5.1.3).
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Global Anthropogenic SO, Emissions
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Figure 5.1.2 AnthropogenicSG emissions by countries and continer{fSource:
Anthropogenic sulfur dioxide emissions: 188005. Atmos. Chem. Phys., 11, 1101
1116, 2011).
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5.1.3 Future S@emisions assuming saving of emissions will be 1 &fier 2010.
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5.2Influence of aerosols to global warming

Volcanic arosolshave influenced global weather by cooling. Latest large eruption of
Pinatubo in 1991 was cooling the climate about 0.2 deg. C @¢-lyarl). Anothelarge
eruption wasn Krakatoain 1883which cooled the weathenostly near Indonesia and
also globally

Stratospheric Aerosols (optical depth) Temperature Anomaly ("C)

B Krakatoa -'- 50
5= Pinatubo

_ | ) \||
.1 ':l—: .'| s A ! PR, A ,", .-.‘,-"'-I"'I "I -0
05 e W YN | Bl Chichén || | -

I \R Agung | | I| --50
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Year

Figure 5.2.1Aerosols have influenced to global temperature by changing the optical
depth in stratosphere (Source: Nasa).

Aerosolswi | | refl ect Sundés energy back to spac
influence on Bmate by reflecting irradianceMost of the influence comes from the
Sulphurdioxide (SQ), which has been emitted by the power plants, ships and industries.

By moddling global warming with three components, total solar irradiance (TSl), carbon
dioxide (CQ) and Sulphudioxide (SQ), we can achieve best model by formbla.1.

(5.2.1) dT = 1.23 x (dTSI+ dRf (CO2) + dRf(SO2)) where
dRf(CO2)=3.75x In (C/22) =radiative forcing by C@

dRf(SO2) = 0.246 x In (E/22.57) = radiative forcing by SO

E = SQ emissions (1000 tons)

Then

(5.2.2) dT = 1.23 x dTSI + 4.61 x In (C/292) 0.30 x In (E/22.57)
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It should be noted tham this model (5.21) the coefficiemn for CO, radiativeforcing is
3.75 which is30 % smaller than the 5.35 x In(C/Co) used by IPCC (chap®r 4.
However, it is clearly(16 %) greater than the coefficient 3.227 given in formuta3tin
chapter 48, where the Sulphutioxidewas not in thenodel.

The modelled temperatureltows very closely the measured temperature values (Figure
5.2.2).Thedeviation ofmodelled temperature from the measured global warimave
been presented in Figure 5.2.3ai®lard deviatiotbetween the modelled and aseired
temperatures i8.071 deg. C. This is less thdmalf ofthe0.15 deg. C standard deviations
found with modelling only total solar irradiance and carbon dioxide (cha@er 4.

Modelled (TSI, CO2, SO2) and Measured Temperature Change
from 1901-1930 average (11-year averages)
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Figure 5.22 Modelled and measured global warming. Modelled warmingiked totals
solar irradiance(TSlI), carbon dioxide (C£ and Sulphur dioxide (S{as the variables.

Deviation of the Modelled and Measured Temperature
Change from 1901-1930 average (11-year averages)
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Figure 5.23 Deviation of modelled global warming from the measured global warming
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The man improvement by adding S@o the model seems to be in yea8507 1980,

when the rapidly increased S€@missions stopped the warming for about 30 years. After
1980 SQ emissions started to decrease and global warming started to increase again
rapidly. Since 1980 both increase@®. concentration and decrease3@, emissions

seem to be increasing the global temperature.

Influence of the components can leerfd from Figure 5.2. By the year 201¢arbon
dioxide COy) has increased the global temperature withdeg. C andSulphur dioxide
(SO has decreased themiperature with 8.deg. C. Total solar irradian€€SI) has been
decreasing global warming by 0.1 deg.T@e net global warming by the model is then
about 0.8 deg. C in }jear average temperaturesrirthe years 196011930.

Influence of TSI, CO2 and SO2 on Global
Warming (11-year averages)
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Figure 5.24 Influence of Bl, CQ and SQ on global warming.

5.3 Forecasting future global warming using the model

Global warming can be forecasted ustogal solar irradiance (TSI), carbadioxide
concentration (C€) andemissions of Sulphur oxide (Sas parameters. Eachtbem
could be forecasted separately and then using the moeelin formula5.2.1.
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Total Solar Irradiance

Forecast for the dtal Solar Irradiance (TSI) has been madsuming that the values will
repeat with 99/ear cycle. Thgast valuesrom 120to 2019etc.(Figure 5.3.1)The 11
year average TSI will rise from the presed2 W/nt to about +@® W/m? by the year
2080.Because of the coefficient dT = 1.23 x dT3istwill cause fluctuation in global
warming by +/ 0.25 deg. C.

Total Solar Irradiance, TSI (W/m2)

e Annual Index emm—11-y. avg

Figure 5.31 Forecasted deviation of TSI from average value 1360.932W/m

a) Presenttrend

If the CQ emissions will increase with the present trémdn 1960 to 201,the 2.0 deg.
limit will be achieved before ZD (Figure 5.3.2). The peak value of 4.2 deg. C warming
will be achieved by the year 21210. SO emissions willstay constant theemperature
will be peaking at @ deg. C by the year 2110.

Global Warming Forecast (deg. C), if CO2 emissions increase
with the present trend dT=f(TSI,C02,502)
(11-year averages)
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Figure 5.3.2 Global warming, if the emissions will increase with the present trend (1960
2017)
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b) CO:2emissions stay constant

If the CQ emissions will stay constant at the present level, thedegyee level will be
achieved by the year 2057 (Figure 5.3.3). The temperature will have maximum at 3.8 deg.
C in the year 2200. If the S@missions will stay constant, the global tempeeawill

rise to 3.0 deg. C before the year 2200.

Global Warming Forecast (Deg. C),
if CO2 emissions stay constant dT=f(TSI,C02,502)
(11-year averages)
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Figure 5.3.3 Forecastedylobal warming if the CQ emissionsill stay constant
c) COzemissions reduction 26 annually

If the CQ emissions will be reduced 1 % annually, thedeg. C limit will be achieed
by 20 (Figure 5.3.4)Global temperature will start to decrease after 208&0O;
emissions stay constarihepeak temperature wile2.1 deg. C.

Global Warming Forecast (Deg. C),
if CO2 emissions will be reduced 1 % annually
(11-year averages)
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Figure 5.34 Forecastedglobal warming if the C@® emissions will be reduced 1 %
annually.
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d) COzemissons reduction2 % annually

With 2 % annual emissions the global temperature will stay beléwldg C (Figure
5.35). If SOz emissions will stay constant, the peak value will be 1.7 deg. C. Global
temperature will start to decrease after 2080.

Global Warming (deg. C), if CO2 emissions
will be reduced 2 %/a
(11-year averages)
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-0.50

® Modelled ®S02 Constant Measured

Figure 5.3.5 Forecastedglobal warming if the C® emissions will be reduced 2 %
annually.

e) COzemissions reduction 3 % annually

With 3 % annual emissions the global temperature will stay bel@wldg C (Figure
5.3.6).1f SO2 emissions stay constant the peak valileb& about 1.5 deg. GGlobal
temperature will start to decrease afteB®20

Global Warming (deg. C), if CO2 emissions will be
reduced 3 %/a dT=f(TSI, CO2, SO2)
(11-year averages)
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Figure 5.36 Forecastedglobal warming if the C@® emissions will be reduced 3 %
annually.
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f) 50 % reduction 2018

If the CQ emissions will be reduced with 50 % in ZQFigure 53.7) the pek value of
temperature will b&.0 deg. Qoy the year 2150if SO, emissions remain constant, the
warming will peak at B deg. C by the year 2080.

Global Warming (deg. C), if CO2 emissions will be
reduced 50 % dT=f(TSl, CO2, SO2)
(11-yearaverages)
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Figure 5.37 Forecasted global warmingf CO. emissions will be reduced 50 % today.

g) Target emissions

With the targeemissionghe global temperature will be peaking at 2.1 deg. C in the year
2057 (Figure 5.3.8). If the S@missions will stay constant, the peak temperature will be
2.0deg. C

Global Warming (deg. C), if CO2 emissions will be
reduced with the target plan,
dT=f(TSI, CO2, SO2) (11-year averages)
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Figure 5.3.8 Global warming, if emissions will belueed with a target plan.
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Summary

The various scenarios have been summarizedgare 5.39, in which the modelled
global temperatures have been given until the year 200& CQ reductionswill be2
% annuallythe peak temperaturedideg. C. will beachievedoy 2080 (Figure 5.39). The
same influence can be achieved with 50 % reduction in the ye8r P& 1.5 deg. C
limit will not be achieved, if reduction of emissions will be 4 % annually.

Global Warming Depending on Emissions
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Figure 5.38 Global warmingdepending on C&emissionantil 2200

Global Warming Depenging on Emissions
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Figure 5.3.9Global temperature change depending on@@issions until 2100.
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The critical 2.6degree limit will be achieved by 2050, if the emissions will increase with
the present trend (Figure 5.3.9). With constant emissionrdegjfee wi be achieved by
2055, butemperature will continue to increase near 3.0 deg. C. If the emissions will be
reduced 1 % annually, 2degree limit will be exceeded by 2065. With target emissions
the peak temperature will be at 2.1 deg. C in the year 2055.

The 1.5degree limit will e achieved with present trend and with target emissions by the
year 2035. With 3 % reductions in emissions thedkgree limit will be achieved by the
year 2045. However, it is impossible to start so large reduction so quickly.

Table 5.3.1 Global warminfyom years 19041930 with model dT =f (TSI, CO2, SO2).

Global warming from years 19041930 (deg. C)
Year Trend Constant 1%/a 2%/a 3%a -50% Target
2018 1.0 1.0 1.0 1.0 1.0 1.0 1.0
2030 1.3 1.3 1.3 1.3 1.3 1.2 1.3
2040 1.6 1.6 15 15 1.4 14 1.7
2050 2.0 1.8 1.7 1.6 15 15 1.9
2100 3.7 2.8 2.0 15 1.2 1.6 1.1
2200 3.9 3.6 1.4 0.7 0.5 1.9 -0.2
Max 4.2 3.7 2.2 1.9 1.6 2.0 2.0

Finally, we can find global warming, if S@missions stay constant at 2018 level (Fegur
5.3.10). Then, the global temperature will have a peak at 2.1 deg. C (in 2078), if CO
emissions will be reduced 1 % annually. With 2 % savings the temperature will have peak
at 1.7 deg. C in the year 2066. titarget emissions the peak temperature kel
achieved at 1.9 degrees in the year 2047.

Global Warming by TSI, CO2 and SO2,
if SO2 remains constant
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Figure 53.10 Global warming, if S@stays constant at 281evel.
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5.4 Comparing the model with IPCC estimation

Influence of arbon dioxide

The largesinfluence on global warminigas theconcentration of O, which will depend
on emission savings in the future. Concentration will rise to 600 ppm by the year 2100, if
the emissions will increase with the present trend.

IPCC evaluations in theiatest report (Climate Change 2014, Synthesis Report). The
baseline scenario of IPCC assumes that emissions will stay at present level and global
warming will continue in a near linear relationship with the cumulative €&fissions.

The warming will be 4 deg. C, if the C@emissions will be 7000 Gt (Figure Sl4total
humaninduced warming). The sensitivity of warming to emissions is about 0.55 deg.
C/1000 Gt with IPCC model (Figure 524..

Cumulative total anthropogenic CO, emissions from 1870 (GtCO))

5 1000 2000 3000 4000 5000 6000 7000 8000
T T T T T T T T T

2090s

Total human-induced warming

baselines

720-1000

530-580 —

C0,-induced warming

Temperature change relative to 1861-1880 (°C)

observed 20005

1 | |
0 500 1000 1500 2000 2500

Cumulative total anthropogenic CO, emissions from 1870 (GtC)

Figure 5.4.1 Temperature change as a functioncamulativecarbondioxideemissions
(Source IPCC AR4, Climate Change 201¢rfhesis Report Fifth Assesgent Rport)
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Comparison of Modelled and IPCC Global Warming
(deg,C) depending on the Cumulative Emissions
(Emissions will follow the trend 1960-2018)
6.00

y = 0.00055 x CE + 0.0355
5.00

4.00
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2.00
1.00

0.00
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-1.00 : —
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—@— Modelled IPCC Linear (IPCC)

Figure 5.4.2 Comparison of modelledapal warmingto IPCC modelss a function of
cumulative CQemissionsassuming the annual emissions increase with the trend 1960
T 2018.

a) COzemissions increase with presenténd

It can be found from the Figure432 that both the IPCC and the model of in which the
CO, emissions increase with the present trend predict 4.0 deg C global warming until
7000 Gt CQ emissions. The results will be different af®00 Gt our mass bahce
model starts to degrea€€, concentation in the atmosphel®cause the emissions from
fossil fuels will start to decrease because of the ultimate reserves will be xhausted.

b) Constant CO; emissions

If the CQ emissions will remain at the present ledfference in our model and IPCC
model are very smalintil 5500 Gt emissionwhere the global warming will be ab&i10

deg. C (Figure 8.3). After 6000 Gt the difference becomes large, because our model
predicts that the Cemissions and absorptiavill reach its balance with at about 550
ppm concentration and 3.0 deg. C warming.
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Comparison of Modelled and IPCC Global Warming
(deg,C) depending on the Cumulative Emissions
(Emissions will stay constant after 2018)
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Figure 54.3 Global warming depending on cumulative emissions assuming the annual
emissions will stay constant.

c) Emissions decrease 1 %r 2 % annually

If the CQ emissons will decrease 1 % annually, the IPCC model and our model can
predict2.0 deg. Cglobal warming until 300 GtemissiongFigure 54.4). After it our
model starts global cooling, but IPCC moddl continueglobal warming.

With 2 %l/a reduction in emigss our model and IPCC model give same results until
3200 Gt emissions (Figure 5.4.5).

Comparison of Modelled and IPCC Global Warming
(deg,C) depending on the Cumulative Emissions
(Emissions will decrease 1 %/a after 2018)
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Figure 54.4 Global warming depending on curative emissions assuming the annual
emissions wilbdecrease 1 % annually
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Comparison of Modelled and IPCC Global Warming
(deg,C) depending on the Cumulative Emissions
(Emissions will decrease 2 %/a after 2018)
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Figure 54.5 Global warming depending on cuiative emissions assuming the annual
emissions wildecrease 2 % annually

c) Emissions will be decreasing 3 % annually

Finally, if the emissions can be reduced by 3 % annually, the global warming will achieve
1.5 deg. Cwhen the cumulative emissions vk 2800 Gt (Figure 8.8).

Comparison of Modelled and IPCC Global Warming
(deg,C) depending on the Cumulative Emissions
(Emissions will decrease 3 %/a after 2018)
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Figure 54.6 Global warming depending on cumulative emissions assuming the annual
emissions wilbecrease % annually
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d) Target emissions

Finally, if the emissions will be reduced with the target plan, the IPPC model and our
model give the sam&.0 deg. Cglobal warming until3400 Gt when the cumulative
emissions will be about 3300 Gt. But after 3500 the emissions will not be increasing and

Temperature Forecast with Target Emissions
(Deg. C, 11-year averages)
2.50
2.00
1.50
1.00
0.50
0.00

0.50 500 1000 1500 2000 2500 3000 3500 4000

Cumulative emissions (Gt)

® Modelled @ IPCC

Figure 5.4.7 Global warming with our model and IPCC estimates, if the emissions will
follow the target plan.

Summary

Both our model and IPCC models predict the2 deg. Cwarming until 3300 Gt
cumulative emissions similarly, if the emissions wilbe reduced 1 % annually after
the year 208 or with the target plan. The 1.5 deg. C warmingwill be reached at
about 2700 Gt cumulative CO2 emission.
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6 CHANGES IN SEA WATER

6.1 Temperature rise in seawater

East Anglian University has collected HadSTT3 data set starting from the year 1850.
Their data of sea water temperature has been inmegefiem average of 1901 1930

about 0.8 degrees (Figure 6.1.1). The seawater tempehaisifgeen risingt about the
same rate as tigdobal temperature of the atmosph@fegure 6.1.2)

Seawater Temperature Deviation from
1901 - 1930 Average (HadSST3.1.1)
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Figure6.1.1 Seawater temperature deviation from 191930 aveage.

11-year Average Temperatures of Seawater
(HadSST3) and Global (HadTCRUT4)
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Figure6.1.2 1tyear average temperatures of seawater gluotbal.
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Sea Surface Temperature as a Function of Air
Temperature (11-year averages, deg. C)
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Figure 6.1.3 Seawater temperature change$ 8o of air temperatures

Seawater temperature has been warming 86 % of the air tempdifagus 6.1.3)
However, the warmingnas notbeen quitdinear, but it has been decreasing. This may
have caused by the evaporation of water, which will increase at higher temperatures.

Seawater temperature changes also with solar irradiance;yddtlaverage values of
seawater temperatures anédiance foyears 1890 1950 are presented in Xdiagram
(Figure 6.14). If irradiance changes with 0.1 Winthe seawater temperatuveould
change with 0.14 deg. C.

(Deg. C)

Seawater Temperature and Solar Irradiance
(1890 - 1950) (11-year averages, deg. C)
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Figure6.1.4 11-year average figures of seawater temperaturetatal solar irradiance
from years 1890 1950.
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We can then separateasvater warming in two parts liye formula 6.1.1)
(6.1.1) T(TSI) =1.4252x TSI - 1939.5

The first part, T(TS), has beertaused bytotal solar irradiancgTSI) and the second,

which is caused by othegasons, ¥T(TSI). We can then find that seawater temperature
changes have been mainly caused by sun irradiance until the year 1990. After 1990 other
than sun has caused tipate rapidwarming after 1990 (Figur@ 1.5).

The trend after 1990 of seawater fe@rature after sun irradiance has been rising from
about 0.1 deg. C to (b%leg. C in Z years. The trend in now 0.32 deg. C / decade (Figure
6.1.6). This is slightly smaller than temperature increase in global air, which has been
0.34 deg. C / decade (sEmure 3.47). Seawater temperature has been measured about
25 cm from the surface, wdh means that the surface water has been mixed with colder
water from deep sea.

Seawater Temperature Changes caused by Solar
Irradiance,T(TSI) and Temperature after
Correction of Irradiance, T-T(TSI) (11-y. averages)

1.20
1.10
1.00
0.90
0.80
0.70
0.60
0.50
0.40
0.30
0.20
0.10
0.00
-0.101880 190
-0.20
-0.30

!

1980 2000 .'-lmo

--8--T(TSI)

T-T(TSI)

Figure 6.1.5 Temperature change caused by solar irradialES) andtheother
factors T-T(TS).
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Seawater Temperature after Correction of Irradiance,
T-T(TSI) (11-year averages, deg. C)
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Figure 6.1.6 Seawater temperature after correction of swadiance.

Solar irradiance has caused about 0.4 degree warming of seawater during years 1950
1990 and about 0.2 deg. C cooling after202018(Figure6.1.7)

Seawater Temperature Changes caused by Solar Irradiance,T(TSI)
(11-year averages, deg. C)
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Figure 6.1.7 Seawater temperature changes caused by solar irradiance.
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6.2 Atlantic Multidecad al Oscillation (AMO)

Seasurface temperature (SSUaries locally because of temperature oscillations in seas.
In the Atlantic Ocearthis is called as Atlantidultidecadal Oscillation (AMO).AMO
Index is measuring difference between North AtlaBi&T (between €N to +6(°N) and
global SST (between 68 to 60N).

AMO cycle hasabout 60i 80-year duration and thaMO Index were last time higher
than average during years 19801970 (Figure6.2.1). Low AMO Index period was
followed during years 19702000 and todawe are experiencing the higher than normal
period, which may last from 2000 to years 22820.

AMO Index (NA SST-Global SST)
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Figure 6.2.1 AMO index or deviation of SST North Atlantic (from ®N to 60°N) from

global SST(6(°ST 6C°N) starting from average ofyears 19011 1930 (Source NOAA
Kaplan SST V2 data provided by the NOAA/OAR/ESRL PSD, Boulder, Colorado, USA,
from their Web site dittp:/Mww.esrl.noaa.gov/psd/

AMO index seems to be following global seawater surface temperature (SST, Figure
6.2.2). However, the AMndexwas declining from years 1960 to 1980, but global SST
stayed almost constant.

104


http://www.esrl.noaa.gov/psd/

Global Seawater Surface Temperature and AMO
(11-year averages)
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Figure 6.2.2Global seawater surfactemperature and AM@dex

If we add AMO to global SST, we will get North Atlantic temperature (Figure 6.2.3). We
can notice that North Atlantic SST has been fluctuating much more than the Global SST.
The temperature is today ldég. C higher than dung years 1901 1930.

Seawater Temperature deviation from average
of 1901-1930 (11-year averages)
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Figure 6.2.3 Seawater temperature and AMO change from the years 1930.

The 70year AMO cycle has lasted from 1930 to 2000 from average to average.
Today we are living the warm phase which mayast from 2000 to 2035.
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6.3 Nort h Atlantic Oscillation (NAO)

North Atlantic Oscillation (NAO) is measured by air pressure difference between
Gibraltar and Iceland. It is changing cyclically with peak980 and 1018§Figure6.3.1).

North Atlantic seawier temperature changes are clpssonnected to North Atlantic
Oscillation (NAO)(Figure 63.2).
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Figure 63.1North Atlantic Oscillation.

North Atlantic Oscillation Index and Seawater
Temperature (SST), (11-y. averages)
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Figure 63.2North Atlantic Oscillation and seawater temperat(té-y. averages).
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This pressure differencee NAO Index)is increasing, if thdow pressure stays near
Iceland, which means that the westwards winds will be become stronger and will travel
across northester Europe. With higher NAO index during the summer North West
Europe will be warmer and South Europe colder than normal (FigBt8).6Also,
precipitation will be decreasing in the North and decreasing in South EdA@eindex

is now approaching pdsie phase (Figure 6.3.4).

when the summer NAO index is well above zero

warmer
colder

Temperature tendency

Figure 63.3Influence of high NAO Index to weather in sum(iset office, Osborng.

JJA NAO index (final value: 2017)

NAO index
o

Indelx baseline period: 1851-1880

1850 1900 1950 2000

Tim Osborn (CRU, UIEA)

Figure 63.4NAOIndex has been higher than normal in the summers aftef (&Eurce
Tim Osborne CRY
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With lower than zero duringummer the weather will be colder in North West Europe
and warmer in South Europe (Figur8.6).

when the summer NAQO index is well below zero

warmer
Temperature tendency colder

Figure 63.5 If NAO is below zero Ntn-West Europe will be cooler (Méffice
Osborng.

When the winter NAO is above zero, the weathédanth-East Europe becomes warmer
(Figure 63.6). Winter NAO Index has been above zero during last five years (Figure
6.3.7)
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Figure 63.6 If NAO is @ove zero during winter, weather will be colder in Nevttets
Europe (Met Office, Osborne)
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Figure 63.7 NAO Index during winter (Sourc& m Osborne CRY
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With low NAO Index during winter there will be colder in Noftest Europe and
warmerin North-Africa and colder weather in USA (Figur8®)

when the winter NAO index is well below zero

warmer
colder

Temperature tendency

Figure 63.8 If NAO in below zero during winter, weather will be colder in NaAtkts
Europe(Met Office, Osborne)

NAO Index seems tde depending on the seawater temperatur&orth Atlantic
(NASST). WithhigherNASST in North Atlantic the N® Index becomes lower (Figure
6.3.9.
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Figure 63.9NAO Index seems to be depending on the seawater temperature (SST).
Atlantic hurricanes

Atlantic category 5 hurricanes have been monitored during the last hundmsdayel

found that they have been increasing their strength as measures by pressure (Figure
6.3.10). There have bee® tategory 5 hurricanes in years 268@19, but trere were

only 9 during 192G 1960. Their average pressure has declined from 924 mhalmh

to 912 mbar in 20d.0r 11 mbar in a century.

Pressure of Category 5 Atlantic Hurricanes
during 1920-2019 (mbar)
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Figure 6.3.10Trend of Atlantic hurricanes has been decreasing their pressure and
increasing the strength at tlsame time.
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6.4 Pacific Decadal Oscillation (PDO)

Pacific decadal oscillation (PDQg the same kind omultidecadal oscillation in the
Pacific Ocean as already described in North Atlantic oscillation. It has been measured as
difference of seawater suratemperature in North Pacific (aboveldpagainst global

SST. PDO has had pedemperattes in 1900, 190 and 190 or about 4660-year
intervals(Figure6.4.1 and6.4.2).

Pacific Decadal Oscillation (PDO) Index

® Annual e—11-y, avg

Figure 6.4.1 Pacific Multidecadal Oscillation (PDO).
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Figure 64.2 Pacific Multidecadal Oscillation (PDO) 3ylear averages.
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PDO seems to have much large variatioantAMO (Figure &4.3). The temperature
changes in PDO are fro+0.9 to +0.8 dedCelsius. AMO and PDO seem to be in opposite
phases today. AMO is at its positive maximum and PDO is at its negative minimum. The
average of these two fluctuates orlly4 t00.4 deg. Celsius.

PDO, AMO and (PDO+AMO)/2 (11-y averages)
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Figure 6.4.3 PDO and AMGseem to be in opposite phases
Thermohaline circulation

Some scientists assume that North Atlantic temperature fluctuations are connected to
thermohaline circulation the seas (Figuré4). Golf stream is causy warm water flow

from South to Nortttlantic. The same stream will transfer water trough the Pacific and
Indian Ocean. The streams are rotating in the latitud8 4@aring forties), where the

cold Gulf Stream will rotate round the world to Indian Qtaad Pacific.

Thermohaline Circulation
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Figure 64.4 Thermohahe circulation.
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6.5 El Nino South Oscillation (ENSO)

El Nino South Oscillation (ENSO) is temperature variation in the Center Pacific Ocean
near equatorlt is caused by the winds and sea curreWben the trade wnds are
blowing normally from east to west, the weather will be warmer in Western Pacific and
colder in Eastern PacificThe trade winds are blowing according to the Walker
Circulation(Figure 65.1).

When the lowpressurareas near Indongia and higkpressure area near South America
trade winds are blowinfyjom East to WesBut when the lowpressure area is near South
America and higtpressure area near Indonesia, the trade winds will blow Wst to
East.

The Walker
Circulation
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———
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Figure 65.1 The Walker Circulation dermines winds in the Pacific (Source:
http://en.wikipedia.org/wiki/File:L aNina.png).
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La Nina-phase

During La Ninaphase seawater temperature will dmoler in the middle of Pacific
(Figure 65.2). This will be cause by the higher than normal trade winds, which will
cause the surface water flow from east to western Pacific. The waters in the east Pacific
will be cooler, because the colder water will be coming from the bottom of the Ocean

Figure 6.5.2 During La Nina phase seawater temperature will be cooler in middle of
Pacific (NOAA).

Figure 65.3 During La Nina phasé winter (DJF) the weather will be dry and cool in
West coast of South Ameri@dOAA).
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