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Preword

After writing five books about energy matter, | finally decided to study climate change
storiesand make prediction for the future with my own judgem@mie reason for many
studies and books is that they have been to prove something which will benefit the
sponsor. Some might support green energy because they are selling wind mills or heat
pumps. Otkrs may deny climate change because they are selling fossil power plants or
petrol cars. | am neutral. | retired five years ago and do not get any money from any
sponsor.

| do not like to sell this book either. This will be free as éoek available frmm my
publisher home page atww.ekoenergo.fi Ekoenergo is our own small publishing
company which has been publishing my books since 2007, when | wrote my first book
fiPlanning of Optimal Power Systens F i r s tThug wedotnot meed to make any
scandals to get readeasid more income | hope that my readers will be searching
unbiased information from the climate change matters.

One of the biggest reasotwmswrite thebook has beethedisinformation, which has bee
spreading fronmanyofficial and commercial sources. | was really astonished, when our
Finnish Meteorological Office publisheéd 2015figures and stated that temperature has
risen here in Finlad more than two degrees Celsfusm the year 1850 had published

in 2011a bookifiPlanningof Nuclear Power Systems to Save the Péanet witioend e
that the temperature in Finland has been risen at a ratéddX®per century

Ancther dsinformation was spread by IPCC studies some five years ago staiing th
temperature curves remind hockey stickth constantly lowering temperatures during
last 2000 years his was not trueither, while thetemperature was higher during middle
ages than today. This was told in our history books, which said that mahgisoplants
were growing inFinland inthese high latitudes and the reason was threneaweather
during those days.

Thus | have been reading a lot of books and stories about climate change and collecting
actual data from various sources and make my ovdggments, how much the
temperature has been risen, what are the reasons for it and how can we limit the rise to
less than two degrees.

Espoo
May 3, 2016
Asko Vuorinen

www.askovuorinen.fi

www.ekoenerqgo.fi
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1 INTRODUCTION

The temperature measurements data dates back only to the efccentify. However,
some other marks of weather changes have been observed for mas@Q@hgears. One

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

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

Loss of Ice in River Tornio
(days from the First of Jaunuary)
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Figure 1.11 Days from the first bJanuary when the ice was released from the River
Tornio Source: Esko Kuusisto, Finnish Environmental Cer$&Kg.

The ice cover disappears now 14 days earlier then in the year$ 17080. 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
theTornio area from 0.2leg. C to 2.8 deg. C during 33@ar time scale (the year 1691
to 201). The increasbkas ber 2.6 deg. C or 0.88 deg. C per century.

The Little Ice Age

During the Little Ice Age worse years from 16951898 about 140.00028 %) of the
Finnish 500.000 population died for hunger and diseases caused by hunger. The summer
1695 was very cold and dog the summer 1996 frost game at August 191696 and
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hardly any crop was achieved. During the winter 16687 about all of crop has been
eaten and most of the cowditéy cattlepeople stated eating horses and dogs.

The same kind of data has beenrid from proxies, which do ntdke intoaccount tree

rings (Figure 1.1.2). The weather has been warming now 300 years from the Little Ice
Age. On the other hand there was a warm period in the Middle age, when the Vikings
travelledto Greenland and foun@imerica.

On the morning on 30of January in 1658 Swedish King Charles X gave order for his
troops to marc on ice over Belt in Denmark ty Island of Fyn. The march continued also
over the frozen Great Belt #edand and the main goal was arrive to Cop@eima which

was the place &nish troop. On 1M.of February King and his troops arrived to Zealand.
On February 28 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 waals0 freezing during the Little Ice Age years (Figure 1).1The first
recorded Frad-air was arranged in winter 1602608. The fairs were arranged until the
year 1814, whenever the river was frozen.

Figure 1.1.2Frost fair on the river Thames ithe winter 1683 1684.

During the Medieval years about AD 500100 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 disappeared frortarid. The Greenland got
settlers from Scandinavia during years 98D400. The last ship sailed from Greenland
to Iceland in about 1410. The Little Ice Age had started.
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IPCC documents

As International Panel of Climate Change started their studiesnibeg estimates of
historical temperatures uginproxies Their studies concluded that titemperature

variaion was similar to Figure 1.1\8ith high temperatures during AD 6001200 and

lower temperatures during years 1400900.

(c]

Little ice age

Mediewval
warm period

] ] ] ] ] ] ] ] ] ]
1000 AD 1500 AD 1300 AD

Year

Temperature Change [C)

Figure 1.1.3Tempeature changes during the last 2000 yefrke First IPCC report)

But in the third assessment report of IPCC from the year 2001 a hockey stick like curve
was introduced (Figure 1.1.3). It indicated that the climate had becoming colder
continuously untilthe year 1900 and after this the temperature has been rising constantly.

It seems that the hockey stick was discovered to prove the man made warming after the
year 1900. It actually was man made warming as it was based on reconstructed curve by

Thomas Manre t . al . Even dtahea 0OA i(msetdr ucnuennvwiam | i n Fi ¢
behaving like the invented hockey stick. These curves showed to actual scientists that
|l PCC is a political organization which dis

climate change

Later on it was really found that so called scientists were not independent but in the
control of the Governments of each country. So it was also found that this story of global
warming was false. The whole story should beveluated and rewritten agaiT he first

thing to find is the real temperature records, which correspond to the history records. They
should also notice the warm period during medieval years 1LQEDO and very cold
period during Little lce Age years 1650.700.
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L1 A s B B I R B B
- —— Mann et al,, 1993, reconstruction (annual mean, full hemisphere) -
—— Mann et al, 1999, reconstruction (annual mean, 30°N to 70°N latitude band)
— Jones et al, 1998, reconstruction (summaer, axtra-tropical emphasis)

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

Morthern Hemispheare anomaly (°C)
relative to 1961 to 1990
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Figure 1.1.4 Hockey stick curve from IPCC third report from the year 2001.
(http://www.grida.no/publications/other/ipcc_tar/?src=/climate/ipcc_tar/wgl/index.htm)
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2 AIR TEMPERATURES

2.1 Global warming

Data from global warming has been collected and evaluated by d&Jknofficial
organizations. Their data is quite similar and thus | will use the data collected by UK
Meteorological Office (MetOffice) to study global warming. Their data seems to be
reliable and they have done this job many years. Additiontlgir dat is available
without any charge for downloading from  their internet site
(http://www.metoffice.gov.uk/hadobs/hadcrut4/data/current/download.html#regional_se
ries)

| have downloaded from this site HadCRUT4, which give anomalies of land and see
measurementas compared from the years 192000 average data. | have calteth
averages from the years 190930 and corrected anmlies as compared with the 1901
1930 years average data. The result is shown in Figure 2.1.1.

Global temperature deviation from
1901-1930 average (HadCRUT4)
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Figure 21.1 Global temperature devien from 18501900 averages using HadCRUR4
data.

The trend from averay measurements during years 1014 indicates that the
temperature has risen with 0.7@ until the year 2014Warmingtrend has been until
today 0.65°C per 100 years.

If we continte the global trend line to the ye2100 the increase will be 1.88 (Figure
2.1.2). The temperature will be lower than 2® higher tharl.2 °C during in the year
2100with 95 % confidence (Figure 23 maximum).
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Global temperature deviation from
1901-1930 average (HadCRUTA4)
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Figure 21.2 Global temperature trendntil the year 2100.

Global temperature trend with
90 % confidence limits
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Figure 21.3 Global temperature trend with 90 % confiae limits.
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60-year fluctuation

If we calculate deviations from the global warming trend, we will ge6Qyears
fluctuation curve (Figure.2.4). The flu¢uation goes up andown. The Syear average
peaks have occurred in yea@t2 and 2006. There is about¥€ar fluctuation from peak
to peak. Amplitude of fluctuation is -+).22°C.

Global temperature deviation from
trend from years 1901-2014 (deg C)

0,40

0,30

0,20

0,10

-0,10

-0,20

-0,30

+ Measurement 5aaverage ===-=Minimum ====Maximum

Figure 21.4 Global temperaturdluctuation with a 66year cycle

30 year increases

Meteorological scientists consider that 3@ar average values indicate changes in
climate. The global average temperatures have risen from the yearslA®5Qo0
following values:

From From From
1901-1930 1931-1960 1961-1990
to 1931-196 0,29 - -
to 1961-199 0,33 0,04 -
to 1991-201 0,74 0,45 0,41

The increase from 1901 1930 to years 1991 2014 has been 0.74 de@. This
corresponds to 0.65 deg. C per hundred y&drs increase of 0.45 deg. C from 1931
1960 to 1991 2014 corresponds to 0.Ueg. C increase in hundrgear time (Figure
2.1.5). This 60year increase eliminatedso influence of the found 6@ar cycle.
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Global temperature deviation from 1901-
1930 average (HadCRUTA4)
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Figure 21.5 Temperature deviation from years 18BI00 including averages values
from years 19241950 1953:1980and 19812010.

The latest increase of 0.41 deg. C from the years-1960 to 19942014 corresponds to
1.37deg. C increase in hundred yearkis hapens in upward phase of the-g€ar cycle
and is notrelevant. The increase from 193960 to 19611890 is only 0.04degrees
because this happens in the downward phagei6Gyear cycle.

Thus if the temperature will be increasing with the @é&§. C trend from the years 1901
1930, the rse until the years 2085115 (184 years) will be 1.2 deg. C. The increase
before 193@ould not be caused by human influence.

Conclusion:

Global temperature haseen risen from the years 190930 with a trencbf 0.65degees
C per 100 years. If the trend continues until the year 2100, thalgieimperature will
be about 1.3legeesC higher than in the years 194B30. The 90 % confidence limits
for warming until the year 210@&re+1.1 and+1.6 degeesC.
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2.2 Air temperatures in USA

Air temperatures in USAave been down loaded from NASA Goddard Institute for Space
Studies pagestp://data.giss.nasa.gov/gistemp/station_yldita/four sites.Anomalies

to 1901i 1930 average data has been evaluated in WashirigashoastFigure 2.2.1)
Lamar (Colorado Figure 2.2.2) Headworks PortlandWest coastFigure 2.2.3)and
Anadyr(North, Figure 2.2.4).

Washington38.9N, 77.3 W
(deg. C)

+  Anomaly = e Trend —es—Avg 10y

Figure 2.2.1 Temperature trend in Washing(biASA)

Lamar Colorado 38.1 N, 102,6 W
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Figure 2.2.2 Temperature trend in Lamar Colorado (NASA)
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Temperature in Headworks Portland
45.5N,122.2 W (deg. C)
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Figure 2.2.3 Temperature trend in Headworks Portland (NASA)

Temperature Anomaly in Anadyr
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Figure 2.2.4Temperature trend iAnadyr(NASA)
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The measurement trendsoghhighest warming in Anadyr (1deg.C/centuy). Warming
has been lowest in Headworks45 deg. C/centujyThe highest warming has happened
in Anadyr (in theNorth at 64.8 N latitudeas expected.

The trend of deviations from 19011930 averag values showaverage (of four sites)
warming with 09 deg. C in hundred year®igure 2.2.%. This analysis shows that
warming is happening at different speed at different sites depending on the location.

Temperature deviations from 1901-
1930 averagesin US sites (deg. C)
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Figure 2.2.5Temperature deviations from 19011930 averages in three sites

(Washington, Lamar, Heagbrks)

2.3 Air temperatures in UK

Temperatureneasurements started in UK about 150 yearsldgo/e selected thresites
from MedOffice files to present UK. One site Oxford presents inlan¢Figure 2.31).
Another sitein Stornoway presents Atlantigeather in the north islan@rigure 2.32).
Third site is from the easoast of UK Durham (Figure 23.

The trend in warming from the year 1900 has been highest in Durham (1.4 deg. C/115y)
and Oxford (1.26 deg. C/115y) and lowest in Stornoway (0.§2C& 15 y). The average

warming trend in these three sites has been 0.94 deg. C in a century if we start counting
from the year 1901 (Figure 2.3.4)
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Air Temperature in Oxford (deg. C)
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Figure 2.31 Air temperature in Oxford (MetOffice).

Air Temperature in Stornoway (deg. C)
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Figure 2.32 Air tempeature in Stornoway (Met@te).
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Air Temperature in Durham (deg. C)

11,0
10,5
10,0
9,5
9,0
8,5
8,0
7,5
7,0
6,5
6,0

1860 1880 1900 1920 1940 1960 1980 2000 2020

+  Measured e=eseTrend

Avg 10y

Figure 2.33 Air temperature in Durham (MetOffice)
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Figure 2.34 Air temperature in UK sitg®©xford, Stornoway, Durham
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2.4 Air temperatures in Finland

Measured temperature data dates back to 1850, but there are very few places,ewhere th
temperature was measured during early years. The measurements were made mostly on
land on Northern latitudes and in citiésit not in South and wilderness.

One place which is far from cities is Sodank§liservatoryin Finland(67° 22' N, 26°

38' E, 180m). The place is in Lapland where in Sodankyl&a municipality are less than 1
people per square kilometérhe temperature measurements waegted in 1900 and
they show annual average temperatures fluctuations-8dnto +2.5°C (Figure 24.1).

The tenyear average temperatsri@ Sodankyl@eaked in 1939 &.39°C and had lowest
value of-0.80°C in the year 1960.

Annual average temperatures
in Sodankyla Finland (deg C)
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Figure 24.1 Measured temperatures in Sodanky@@(22' N, 26° 38' E, 180)n

We can find there both warming and cooling. Warming hapgdérom 1910 to 1939 and
cooling from 1939 to 1960. In 1960 warming started again and we do not know it the
peak value will be in 2015.

The trend of temperature increase in Sodankyla from 1900 to 2014 is showing the increase
of 0.98 akg. C within 114 yaa (Figure 23.2). The increase is then 0.86 deg. C in 100
years. If the trend continues with the same rate, the temperature will be 1.73 deg. C higher
in 2100 than in 1900. The 90 % confidence limits are +0.2 aridde}). C.
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Temperature increase in Sodankyla
Finland from the year 1900 (deg. C)
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Figure 24.2 Temperaturencrease in Sodankyla from the year 1900 (deg. C).

Ten yearaverage warming

We can alsanae a trend analysibased orten year annual averages. The ten year
average trend (Gure 24.3) indicates that the temperature has risen with about one degree
from the year 1905, which was the first ten year average. If the trend continues until 2100
the temperature in Sodankyla will be 1% higher that in 198. The warming will be
about 091 °C in 100 yearsWe can also find the 90 % confidence limitdich indiate

that warming will bdess than 2.6C with 95 % confidence.

Ten year average temperaturerises
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Figure 24.3 Warmng trend in Sodankyla using ten year average measurements.
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30-year warming

Climatologsts consider, however, that-§@ar average temperatures are showing where
climate isgoing to.If we look at 3Gyear aerage temperatures (Figuré.2), they show

a peak at 1940 and another peak in about 2000 and lowest points at 1910 and 1970. The
fluctuation has about 60 years cycle and range of about one degree.

30 year average temperatures with
trend in Sodankyla (deg C)
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Figure 24.4 Thirty years average temperaturgsSodankylavith trend.

Temperature from peak to peak has risen f¥@r t0-0.1°C or with 0.2°C during one
60-year cycle. However, we do not know, if there will be a peak in the year 2015, which
is the highest measurementliay as the average has not yet going down.

If the trend will be calculated using the 30 year values, the climate in Sodankyla seems
to be cooling fronthe value 0f0.64deg. C in 1915 to value e0.73deg. Cin the year

2000 (Figure 2.4). Thus it isdifficult to say from these trends is the weatbeming
warmer of colder in 10§ear perspective.

However, this 36/ear average difference from the years 12030 indicated cooling
during the yars from 1968 to 1977 (Figure42). During these years saitist were
speculating that the world was cooling and a new ice age is coming.

| think that one cannot compare trends from averages to predict future. The best is to
measure the difference from 30 base years ((I19R&D) to the presenft.we compare 30

year average valu®.11°C from the years 1983014 to the average value -df03°C
fromtheyears 19041930, then temperature has risen with about @Wawithin 85 years

The increase correspantbincrease of 1.10 deg. C within 100 years.
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Warming since years 1901 1930

| found old Statistical Yearboak of Finland, which hashe monthly temperature
measurements during years 190930 atfive sites(Helsinki, Tampere, Maarianhamina,
Oulu and Sodankyld) and which the measuremtmare made still toga(Table 24.1).

Table 24.1 Monthly averagéemperatures during yeak901i 1930 and 1981 2010
and temperature rise from the years 1901930 to years 198( 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 -3,4| 4,57
Tampere -67 -72 -34 21 86 135 169 144 98 42 -09 -49| 3,93
Maarianhamina -24 -34 -16 22 70 11,7 156 148 105 6,1 20 -09]| 5,18
Oulu 9,0 -100 -57 00 59 11,8 157 132 82 20 -33 -7,4| 1,85
Sodankyl4 -135 -138 -89 -25 4,0 106 138 108 57 -12 -80 -11,9 -1,18
Average "83 -91 -54 -01 56 11,4 150 129 81 23 -31 -67| 1,9

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 -3,1 -0,6 3,7 91 133 167 158 114 69 26 -04| 6,16
Oulu 96 -93 -48 14 78 135 165 141 89 33 -28 -7.1| 272
Sodankyla -135 -12,7 -75 -1,3 53 116 145 11,7 62 01 -71 -11,7| -0,30
Average "84 -84 -43 13 74 1287159 139 88 34 -24 -64| 2,86

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| 1,37
Tampere 03 03 06 12 11 o06 00 06 00 04 03 04| 048
Maarianhamina 03 03 10 15 21 16 11 10 09 08 06 05| 0,98
Oulu -6 07 09 14 19 1,7 08 09 O07 13 05 03] 087
Sodankyléa o0 11 14 12 13 10 07 09 05 13 09 0,2] 087
Average -1 07 11 14 18 14 09 09 07 11 0,7 03] 091

We can find that the annual temperatures have risen more than othefsimkithnd less
than others in Tampere. This has been caused by urbanization effect in Helsinki and by
the fact that the measurement site was changed in Tampere to the airport.

If we omit Helsinki and Tampere, we cand that the annual temperaturasbeen risa
with 0.91deg. Cto years 198201Q The increase of 0.9degree< from year 1915.5
(average 1901930) to 1995.5 (average 192D10) has happened duringBars.Thus
the trend is then 1.1deg C per. 100 years. This is maitean thecalculded 100 year
trend of 0.86°C in SodankylgFigure 24.2).
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Temperature rise in Finland from
1901-1930 to 1981-2010
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Figure 24.5 Warming in Finland from 1901 1930 to 19811 2010 (degC).

We can notice that the warming has been the highest during spring from March to June
and lowest in December and Januéfigure 24.5). Rising of thke temperatures in the
springof the years an indication of warmer seawater temperatures. Warmer seawater
brings more heat with the wind to Finland. This causes also more rain and snow, which
have filled the water reservoiirs the Nordic countries.

Conclugon:

The temperature has been risen in Finland for 30ryé&Varming in Finland has been
1.14 deg.C per 100 yearsfter years 19041930. If trend continues at the sameteaas
before, the Finnish climate will dout2.3deg. Cwarmerin the year 2100 than during
years 19011930
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2.5 Sunspots and solar influence

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 30 during

which times also River Thames was frozen and people watking on the ice (Figure
25.1).

g G-

Figure 25.1 Frozen River Thames.

Figure 2.5.2 Invention of telescope was
a key to find sunspots

Sunspots are black points in sun, which
were found kcause Italian scientist
Galileo Galilei (15641 1642) developed
better telescope. He and others found the
sunspots with the better telescope which
could magnify objects with factor 30. In
1610 he published a small book titled
fiStarry Messengeér, w h @escebech e
his findings.
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Later it was found that sunspot numbers were extremely lomglyears 1645 1700

(Figure 25.3). This era was called as Mounder Minimum according to its inveitors
Walter Mounder (1851:1928) and his wifAnnie Russel Mainder (18681947), who

studied sunspots by this time. Number of sunspots was only less than 10 in each decade
during those years.
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Figure 25.3 Mounderminimum and sunspots Numbers.

The sunspot data can be downlahétem the year 1700 (Figure524) ard analyzed with
temperature records given in chapter Ad4suming 15G&pots corresponds to temperature
deviation of 10 deg. C, the influence @lunspots are given in Figuré2l. Then trend in
global temperature rissaused by sunspats0.58deg. C in350 years 00.17deg. C per
hundred years.

We can use the sunspot caused temperaturgigtae 25.4) to extrapolate measured
temperature data to years 165@850and get set of temperature data for years 1650
2014 Theseextrapolatedemperaturefrom the year 165@ave been rising with a trend
of 0.75deg.C in 350 years or @1 deg. C inhundred years (Figure®5).
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Sunspot Numbers
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Figure 2.54 Sunspot data as downloaded from the file
(http://www.sidc.be/siko/datafiles.

Temperature deviation caused by
sunspots (deg C)

0,60

0,40

0,00 =

4 ———

- 3
1650 1700 _.--1‘75]' 1&0 1850 1 1950 2000
-0,20 -

-0,40 _,J

-0,60

e Temp (avg 10y) ====Trend

Figure 25.5 Influence of sunspots to global temperature.

If we eliminate the influence of sunspots from the temperature data, the corrected global
temperatures have been evaluated in Figure 2.5.7. The temperature has been rising about
0.57 deg. C during 160 years or 0.36 deg. C per 100 years.
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Extrapolated temperature deviation
from 1901-1930 average (deg. C)
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Figure 25.6 Extrapolated émperature using sunspot correctifmn years 165-1850
(from Figure 25.5).
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Figure 25.7 Sunspot arrected temperature deviation which eliminates the influerfice
sunspots given in Figure24.
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It can also be sdithat this rise has been caused by man or it is anthropogenic global
warming (AGW). We can now separatgobal warming caused by man @) and
caused by the sunspots. Thus the global warming was maudgaéy the sunspountil

the year 1970 and by@W since then (Figure 2.8).

Global temperature deviation from
1901-1930 average (deg. C)
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Figure 25.8 Global temperature deviation from average from years 190930.

We can find from Figure 2.5.9 that the sunspot corrected temperature trend hasiteeen
stabde until the year 1980. However, after 198 trend is indicatg rise of 0.9 deg. C
within 34 years or 2.6leg. C per 100 yearH.this trend continues, the temperature in
2100 will be 2.2 deg. C higher than in the year 2014 or 3.1 deg. C highen thanyears
19017 1930.

The sunspot corrected 3@ar average temperature has been rising about 0.57 deg. C
from the years 1901930 to years 1991 2014 or 0.63 deg. C in 100 years (Figure
2.5.10). However, there increase until 19611990 has been on3.05 deg. C.

The 30year averagee¢nd shows that the sunspot corrected temperature will rise with 2.8
deg. C (Figure 2.5.11) from the average level of years 190430. This will happen,
when the sunspot levels will be coming back to level as it wasgiyears 1901 1930.
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Sunspot corrected temperature deviation
from 1901-1930 average (deg. C)
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Figure 25.9 Sunspot arrected temperature deviatio(ARGW) which eliminates the
influenceof sunspots given in Figure34.

Sunspot corrected temperature increase
from years 1901-1930 (deg. C)
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Figure 25.10 Sunspot corrected temperature has risen with 0.5 deg. C from1I9BilL
to years 1992014.
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Sunspot corrected temperature increase
from years 1901-1930 (deg. C)
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Figure 25.11 Sunspot corrected temperature has risen with 0.5 deg. C fromIISRIL
to years 1999014and will rise with 2.8 deg. C by 2100, if the present trend continues

Conclusion

The temperature increase of B&leg. C in 100 years indicatdhat the temperature
will be 1.3deg. C higher in the year 2100 than in years 1901930. However, the latest
trend after the year 1980 has been 2dég. C in 100 years. If this trend continueset
global temperaturen the yearwill be 3.1deg. C highetthan in the years 1901.930.
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3 AEROSOL COOLING

3.1 Emissions of sulfur dioxide

Aerosols in the atmosphere cause cooling of climate by formatting clouds, which reflect
the sun radiation back into the space. One of the most significant aerosols iexad#ur
which is mostly emitted by the coal and oil power plants (Figure 3.1.1). The emissions
peaked in about 1980, when the global temperature started to indrieasenany claim

that the rise in temperature after 1980 is caused by cleaning the esstbe power
plants.

Global SO, Emissions
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125.000 ¥ Ag Waste Burning
: Biomass fuel
B Grassland and Forest Fires

= IUO,UOD Other Process
g " hletal Smelting
E_".:F Hnternational Shipping
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= B Coal Combustion
£ 50,000

Year

Figure 3.1.1 Global S@emissions (Steve Smith, July 8. 2010)

Main source of S@emissions are coal fired power plants, which were built without sulfur
removal systems until 1970 in most parts of the world. The 70 % of the padoal

has been used in power plants, 15 % in industry and 15 % in other applications like
generating heat.

In 2015 the coal power capacity was about 2000 GW in the world and coal power plant
generated about 10,000 TWh of electricity. About 880 GW of @gpavas in China,
which has started to install Flue Gas Desulfurizing system only after 1996. Today the new
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coal plants should meet the 200 mg/m3 emission standard. China generated about 4300
TWh of electricity with coafired plants in 2015, which had @it 30million tons of SQ
emissions

North America, EU and Japan have about & of coal power capacity antidse
countries generated 3000 TWh with coal. About 70 % them have FGD systems and thus
the SQ emissions were about 6 million tons.

The rest othe world generated about 2800 TWh without FGDs. Thus the®@sions
of these countries were about 2@llion tons in 2015. Thus the total $@®missions of
coal fired power fants in the world were about B&illion tons(Figure 3.1.2)

S0O2 emissions of coal fired power plants
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Figure 3.1.2 . emissions of coal fired power plants.

The reduction of emissions has happesgte 197%ecause desulfurization systems
were installed in coal power plants and use of oil was decreased in oil fired power plants.
However, Chindnasstarted to build newoal firedpower plants after the year 1®@nd

the emissions havbeeenrising again (Figure 3.1.2). This may have caubedincrease

in SG emissions anthe slowdown of temperature rise after the year 2000.

It has been estimated that the coal fired @ogeneration will peak at 11,000 TWh in the
year 2025 and will decrease to 5000 TWh by 2060 (Figure 8.2.2)e1@{3sions of coal
fired power plants will peak at 43 million tons in 2025 (Figure 3.1.2).

The global SO2 emissions including electricity getiera industries and the other
sectors by countries can be found in Figure 3.1.3, where East Asia (China) is now leading
emitter North America is in the second place with South East Asia (India) and the Middle
East increasing their emissions constantly.
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Global Anthropogenic SO, Emissions
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Figure 3.1.3Emissions of Sg£by country groups.

Forecasts of SOemissionsof power plants, industries and other sectms| the year
2200 hae been evaluated in Figure 3.1fsaving starts in the year 2030 with 1 % rate,
the emissions will be@Mt in the year 2200.
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Figure 3.14 Forecast of S@emissions with alternative saving scenarios.
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3.2 Cooling influence of SO>

When the S@emissions declinghe concentration in the air will follow it very closely
with about one year lagging. Thus th@:®oncentration in U.S. has been declining from
the year 1980 constantli#igure 3.2.1).
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Figure 3.2.1 Concentration of S@ U.S. air (source: EPA).

SO emissions have caused about 0.3 deg. C cooling global temperature in 2014 compared
with the averge values from the years 1901930. (Figure 3.2.2, red dots). The warming
caused by the greenhouse gases (EHfeeen dofs can then be evaluated lilge
difference ofthe anthropogeniglobal warming (AWG=blue dot$ figures andcooling

caused by sulfur ade (Sulfur).

10 year average values of warming by
AGW, Sulfur and GHG (deg. C)
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Figure 3.2.2Ten year averages of anthropogenic warming (AWG), sulfur caused
cooling (Sulfur) and greenhouse gas warming (GHG).
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If look the GHG figures more closely, we can find that GWG have caused 0.1 deg. C
warming until the year 196@gure 3.2.3). After the year 1961 warming has been risen
from 0.1 to 1.1 deg. C or with 1.0 deg. C in 53 years or at rate of 1.9 deg. C in hundred
years.
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Figure 3.2.3Trends of greenhouse gas generated warming.

3.3 Volcanic eruptions

Every now and tl volcanic eruptionemit millions of tons of S@into the atmosphere.
The latest last eruption happenedMipunt Pinatubo in Philippinesin 1991, when 20
million tons of SQ and 10,000 tons of magmere emitted. It was noticed that global
temperature digped by 0.5 deg. C for two years.

Even greater eruption happened in Indon&sia883, when mouniKrakatoa erupted
releasing 25 cubic kilometers of rodkt least 36,000 people was killed mostly from
tsunami followed by the explosion.

The next notable tge eruption happened Mount Tambora in Island of Sumbawa in
Indonesia in April 1813t has been estimated that betweeii 200 million tons of sulfur
oxide was emitted into the atmosphérrkis caused 10,000 acute deaths and temperature
drop in the a@a and about 38,000 people diedsumbawat,000 and people were died

in island of Lomboldue to starvation

It was said that 1815 was a year without summtneglobal temperature has dropped with
0.51deg. Cin 1816, 0.44 deg. C in 1817 and with abo@®80deg. C in 181&iffa, K.R.;
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Jones, P.D.; Schweingruber, F.H.; Osborn, T.J. (1998). "Influence of volcanic eruptions
on Northern Hemisphere summer temperature over 600 yddaslire393(6684): 450
455) Additionally, colored sunsetaere seen in London during the sumrmogt815.

The largest eruption during historical times happenedh& Andes,Peru, in Mt.
Hyaunaputina in February 191600, when about of 30 milliocubic meters ofava and
sulfur gases weremitted. This caused temperature drop in the whole world and the
summer 1600 was said to be cold. Famine was affecting Russia during the years 1601
1603.
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4 CARBON DIOXIDE

4.1 CO concentration

Continuous masirenents of concentration of C&in the airwerestarted in the yedr958
in Mauna Loaobservatoryin Hawaii by an AmericarDr. Charles David Keeling (b.
1928). The first figure in his measurements was 314 ppm (parts per million). Since then
the concentrédn has been constantly increasing to about 400 ppm today. The annual
figures ae available since 1959 (Figureldl).

The annual increase of G@oncentration has been increasing constantly from the year
1930, when there seems to be some kind of stabidittan. Today concentration is
increasing with tred of 2.2 ppm annually (FigureX2). There has been great variation

because of forest fires and other causes. Because the trend of annual increase seems to be

approaching zero in the year 1930, this y=er be considered as a starting year of studies.
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Figure 41.1 CQG concentration in Mauna Loa as measured by National Oceanic&
Atmospheric Administration (NOAA). (The measurements have been downloaded from:

http://www.esrl.noaa.gov/gmd/ccgg/trendls/

As was already found in chapter 1 that global warming was caused by other unknown
reasons before the year 1930. It carcbecluded from the Figure 3.2.3 that warming
caused by greenhouse gases (GH& been relgl increasing after the year 196
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Figure 41.2 Annual increase in C{roncentration (ppm).

4.2 CQ emissions

The main reason for increase has been the fossil fuels, which started to give energy for
traffic and industris and heatingfduildings. CQ emissions were increasing from less
than 10 Gt/a rate in 1960 tb@ut 35 Gt/a today (Figure211).
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Figure 42.1 Annual CQ emissions (Source BP Energy Statistics).
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There seems to be some kind of stabilization after years PA@L5, kecause the
emissions have not been increasing. Before 1960 it has been assumed that the emissions
have been increasing 5 % annually.

The cumulative C@emissions since 1930 have been increasing exponentially until 2014,
but it has been assumed that thespnt level of 35 Gtantinues in the future (Figure
4.2.2). The cumulative C®emissions are about 1410 @day, but they will reach400

Gt until the year 2100.

CQO, concentration in the air seems to be dependent from the cumulative emissions very
closdy. At 200 Gt emissions C£roncentration was 318 ppm in the atmosphere. At 1400
Gt emissions (year 2015) the €Encentration was 400 ppm (Figure24).

This relation can be used to extrapolate the cumulative emissions to future and forecast
then CQ concentration (Figure 3.2.4). The figure indicates that two times pre industrial
level concentration (2 x 280 ppm) will be reached at 3690 Gt of cumulative emissions.
On the other hand the two times of the concentration of 300 ppm in 1930 will be achieved
when the cumulative emissions will be 4250 Gt.

Assuming that the cumulative G@mission will stay at 35 Gt level then the 560 ppm
level will be reached in the year 2080 and the 600 fgwal in the year 2096 (Figure
4.2.5).
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Figure 42.2 Cumulative CQemissions (Gtyvith constant 35 Gt trend
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Figure 42.3 CO; concentration (ppm) dependence on the cumulative emissions (Gt)
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Figure 424 Extrapolation of CQ concentration (ppm) dependence on the cumulative
emissions (Gt).
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CO2 Concentration assuming that
annual CO2 emissions will be 35 Gt
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Figure 42.5Forecast 6 future CQ concentration, if the emissiomill remain at 35 Gt
levelin the future

4.3 CQ reduction plans

CO, emissionscan be reduced using several emission reduction stratdfiéise

reductions are steed after the year 2030 with rate@%o,1 %, 2 %or 3 %annually, then
the emissions will be following theed,blue and green curves correspondingl¥igure

4.3.1.

Cumulative emissions will be approaching 5000 Gt by the year 2200 with the 1 % annual
emissia reduction plan3700 Gt with the 26 annual reduction plaand 3000 GT with
3 % annual reduction plafrigure 43.2).

The CQ concentration will be increasing constantly, if reductions are not made.
Concentration will stabilize at 650 ppewvel with 1 % reduction plasg60 ppm level with
2 % amission reduction plaand 520 ppm with 3 % annual reduction pl&igure 43.3).

The two times the preindustrial periodétwf CQ concentration (56Ppm) has been the
target for many environmentalists aldgafor several decades. This correspotalghe
2.5deg. C rse in temperature (see chaptey)4

45
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Figure 43.1 CQ emssions with constant 35 Gt plan (red) and if emissions will be
reduced withl % (blue),2 % (green)and 3 % (blackpannually after 2040.

Cumulative CO2 Emissions (Gt)
7000
6000 S
F 4
5000 o7 —
i" .—-u--'-_--
4000 . -
”:‘.-:--ﬂ--- ------
3000 PECAAL dadet Ja
2000 ‘_,/“
1000 /(
0 -l
1900 1950 2000 2050 2100 2150 2200
+ Measured ====Trend ====1%red. ====2%red. ====3 9% red.

Figure 43.2 Cumulative C®emissios with constant 35 Gt plan (red) and with an
annual reducton of 1 % (blue)2 % (greenyand 3 % (blackpnnual emission reduction
plans.
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Figure 43.3 CQ concentration with 1 % (blueR % (green)and 3 % (blackannual
emission reduction plans.

4.4 CQ balance

The mass of C@in the atmosphere can be calculated by the formula
(4.1) MCO, = CCO: x mCO/mAIR x MAIR
Where CCO = COp content in the air (ppm)

mCQ; = molar mass of CO= 44.01

MAIR = molar mass of air = 28.97

MAIR = mass of air in the atasphere= 5194 000 Gt

If CCO= 400 ppm, then mass of G the atmosphere, MGO= 400/1000000 x
44.01/28.97 x 5194 000 Gt =3156 Gt.

By using the formula (4) we can then calculate the mass of.@0Oeach year (Figure
4.4.1), increase ahe mass in atmpéere (Figure 4.2 and absorption of C£of the
forest and seas (Figured43).
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Figure 44.1 Mass of Coin the atmosphere (Gt).

Annual Increase of CO2 mass in the
Atmosphere (Gt)

25

20
/ \\
15 AR
4 ‘\‘ S
Vi S
M ."\_L
10 NCSs .
-~
-
/ \\ \"‘..‘ -.__“
5 L L ™~ -

l = -——
\‘ -o - -
_— - ""'-.__

-
- -
el X TP

1900 1950 2000 2050 2100 2150 2200

Trend ====1%red. ====2%red ====39%red.

Figure 44.2 Annual increase of tl@0, massin the atmosphere (Gt).

Annual absorption of CO&mass can be calculatéy subtraction the increase of €0
(Figure 44.2) fran the annual emissions (Figuretd). The imbalance of GOn the
atmosphere (Figure4.3) is absorbed by the seas and forests.
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Annual Absorption of CO2 by
the Seas and Forests (Gt)
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Figure 44.3 Annual absorption of tHeéO; by the seas and foreqtst).

Cumulative absorption of G@an be then calculated by summing the annual figures. The
cumulative absorption would stabilize at 1750 Gt if emissions weillrdduced 2 %
annuallyand at 1400 Gt if reductions will be 3 % annudéffigure 44.4).

Cumulative Absorption of CO2 by
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Figure 44.4 Cumulativenetabsorption of CQby the seas and forests (Gt).
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The mass of carbon in the seas is abol@@EBGt, this corresponds 1900 Gt of CQ.
Thus if all the carbon dioxide (1750 Gt) will be absorbed by the sea, the CO
concentratiowill be increased only by 1.2 % his has thus only minor influence on the
sea life if anyHowever, the carbon dioxide the seas will make the saaid and thus
might harm the life in the seas.

50



5 METHANE

5.1 Concentration of methane in the atmosphere

Concertration data of methane (GHn the atmosphere can be obtained only after 1984.
But before this methane content has been obtained from ice core data for million years.
However, this data is not very accurate. After 1900 the concentration has been growing
from about 0.86 ppm in 1900 1083 in the year 2014 (Figurelsl).

Concentration of CH4 in the atmosphere
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Figure 51.1 Concentration of methane in the atmosphere (ppm) (Sourced Worl
Meteorological Organization WMO).

The concentration was increasing smoothly until the year #®690.85 b 1.2ppm in

25 yearsThe increase was 0.35 ppm in 60 years or 0.6 ppm in hundred years. During
years 1960 to 2000 the increase was to 1.8 ppm or 0.6 ppm in 40Agarshe year

2000 the trend is again quite modesi6 ppm in 100 years.

During the &st 30 years there were stabilizationgghantil the year 2005 (Figurelx?)
and there after clear increase from 1.785 ppm to 1.833 ppm in 10 years. This trend
corresponds to 0.53 ppm in hundred years.
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Concentration of CH4 in the atmosphere
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Figure 51.2 Concentration of CHn the atmospher.

5.2 Methane emissions

Anthropogenic mthane emissions have been growing quite slowly during years 1860 to
1950 from about 80 Gt/a to 160 Gtafter 1950 emissions have grown to 370 Mt by
1992(Figure 52.1).It can be seen that more than 50 % ofdiméssions have been caused
by rice and other livestock.

The emissions after 1992 have not been documented by the same accuracy. However, we
know that the emissions caused by coal mining have increased. If we assume that they
will increase with constanelation to coal production, the estimate of methane emissions
continuing smootly with about 400 Mt/a (Figure.8.2).

However, the coal mining should decrease considerably, if thee@@sions will be
decreased. Thus this estimate seems to be a pessiomstilf the coal mining emissions
will drop from 77 Mt/a to 7 Mt/a, the total emissions will be 330 Mt/a in the year 2100.

52



Methane emissions by source (Mt/a)
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Figure 52.1 Methane emissions by sources 196994 (SourceStern Annual
Estimates of Global Anthropogenic Methane Emissia8601994).
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Figure 52.2 Methane emissions by sources until 2100 assuming thatpcoduction
stays constant.



5.3 Forecasting future concentration

After the year 2000 the methane emissibage been risen with a trend @36 ppm in
100 years. Ithis trend continues the concentration will reach gpmin the year 2100
and 2.5 ppm in the year @2 (Figure 4.31).
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Figure 53.1Trend in CH4 concentration to the year 2200.

Another forecast can be made using the correlation between theioasised
concentration (Figure.8.2). The concentration of methane in the atmosphere has a life
time of about eight years. Thus the concentration will stabilize in fixed level at each
emissiorrate.

If the methane emissions remain at 400 Mt/a, then the caatientwill stabilize at about
1.87 1.9 ppm levelThe trend line of methane concentration is increasing by 0.8 ppm
(from 1 to 1.8 ppm), if the emissions are increasing with 250 Mt (from 150 to 400 Mt).
Thus 100 Mt additional emissions will rise concetrawith 0.32 ppm.
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Figure 53.2 Trend in Chlconcentration as a function of methane emissions.
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6 NITROUS OXIDE RO

6.1 Concentration of N2O

There has been a continuanesrease in concentration ob@® since the year 1900 (Figure
6.1.1). The speeaf the growth was quite modest until the year 1950, but after the year
1970 the concentration has been increaasimverage 0.8 ppb annually.
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Figure 61.1 Concentraion of NO since the year 190&¢urce: EPA's Climate Change
Indicators in the Unite®tateswww.epa.gov/climatechangel/indicatprs

6.2 NbO emissions

Global nitrogen oxide emissions are not known very well. One source says the@tal N
emissions are about 17.7 Gt annually. Abéu7 Gt/a are based on anthropogenic
emissionsAnthropogenic nitrogen oxide emissions are matalysed by agricultur@ 8

Mt/a) and fossil fuel combustion (0.7 Mt/a). Another source tells that anthropogenic
emissions & today about 9.5 Mt/a (Figure26l).

Nitrogen based fertilizers is used in agriculture typically 200 kg/ha to increase crop
sizes. The second source afNs animal waste (urine), which are also used as fertilizers
in agriculture.FAO has estimated that in 1995 nitrogen basetllifers were used
globally 73.5 Gt/a and animal manure 20.7 for crops. They caused globally 3.2 Gt/a
emissions. Additionally, 0.8 Gt/a emissions were caused by fertilizers in grasslands.
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Figure 6.2.2 Use of nitrogen as fertilizdP{\NI August 3, 2010C.S. Snyder, PhD, CCA
Nitrogen Program Director)
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One of the main soaes of N20O emissions is the use of fertilizers which have nitrogen.
Use of nitrogen fertilizers has grown from 10 million tons N in 1961 to 100 million tons
in 2006 (Figure 6.2.2). Biggest growth has happened ir BagtSouth Asia.

The N20O emissions aracreasing, if the fertilization rate increases. At 120 kg N/ha rate
emissions will be about 1 kg/ha (Figure 6.2.3).
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Figure 6.2.3 N20 emissions in function of nitrogen (E&I August 3, 201,CC.S. Snyder,
PhD, CCANitrogen Program Director)

6.3 Future concentration of N ,O

Theaverage lifetime of BD in the atmosphere is 114 years. Thus the concentration could
be estimated using cumulative®lemissions. However, the emissions are not krfown
sure Thusfutureconcentratiorasbeen estimated by g the trend line of atmospheric
concentration from the years 20002014. This indicates that th@mncentration will
increase from 316 ppb in the year 2000 to 397 ppb in gHiQ0re 63.1).

Because the food production is directly linked to populatia@wdr, it is possible that
need of food will alsgrow with population growth (Figure.B8.2).In 2012 there were
about 7illion people and in the year 2100 the population might be 10 biTllo& growth
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of population will be about 40 %. Thus the concerdgrawill also be about 40 % higher
than in 2012 (325 ppb) and reach 455 ppb.
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Figure 63.1 The trend in PO emissions after the year 2000.
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Figure 63.2 Forecast of world populatiomvivw.knowledge.alliamcon).
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7 INFLUENCE OF GREENOUSE GASES

7.1 Radiative forces

Solar radiation

It was found with the latest satellite measurement that the solar radiation at the distance
of the earth or solar constantgfSaries near 1366 W/{watts per square metefjhe
solar spots are the main reason for the variation.

If the energy remains constant in the space, so at distarafetlte earth, the radiation
received by the eartheE Ape X Se (WwhereApe = 4" ¢f) should be the same as radiation
emitted by the sun. wa of the surface of the sunisA 4 and total energy radiated
by the sun is thend&= As X Ss. Thus we can find that

Se = Es/ Ape = As/ Ape X Rs = (rs/dpe)? x Ss

Where S is radiation at the distance of the earth is depended on the secondptves
ratio of sun radius § and distance of earth from the supg)d Thus radiation force at
the surface of the sursS 63 x 16 W/m?.

But the radiation of the sun is affected only at area, which is the same as shadow of the
earth constantly. Tharea of the earth isgd=  4¢2 andthe aredhe shadow of the earth

is Aave= 2. Thus the average radiation received by the surface of the easth4sS5

X AavdAe = Se/4 = 1366/4 = 341.5 W/Fﬂ

Temperature of sunand planets
The radiation of a black body is followingeBanBolzmann law
S =4§ T

wher e O i-BolzrhanreconStane(5.67 R BW/n?/K?% and T is the temperature
of the object. We know the radiation (S) then T =((Y/4. = 5800 K. The temperature of

the sun is then 580K.

The temperature of the #ar(Te) can be calculated using StefBolzmans law, which
takes into account albedo (U) of the earth,
flux is reflected back by the clouds and 70 % is received by the atmosphere. Thus

Sadl-U) =0 T

Fromwhich we find that temperature of the earth
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Te = (Swe(1- U)/ G)¥4= 255°K = -18°C

However, the average temperature of the earth isI8C but +15°C. Because of the
absorption infrared radiation (IR) of the greenhouse gases in the atmospreagtitie
about 33°C warmer than without them. Without the greenhouse gases, there would not
be any life in the earth.

In the same way we can calculate thaperature of the Venus and Mavgéhich should

be 232°K (-41°C) and 209 K{64 °C) correspondiny. However, the temperature of the
Venus is 735K (+462°C) and the temperature of tMarsis 215°K (-58 °C) because of

the greenhouse gases. The difference of measured and the theoretical temperature of
Venus is very large (50%) because the atmospie of Venus filled with carbon dioxide

(CO).

The main greenhouse gases are carbon dioxide)(@@thane (Chk), nitrous ide
(N20) and water (BD). The radiative forcing factors until the year 204ave been
evaluated in Table.Z.1.

Table 71.1 Radigive forcing (W/rf) of greenhouse gas componef8surce THE
NOAA ANNUAL GREENHOUSE GAS INDEX (AGGI)NOAA Earth System Research Laboratory,
R/GMD, 325 Broadway, Boulder, CO 8033328James.H.ButleandStephen .A.Montzka

Year 1980 2014 | Change| 2014 |[Change
COo2 1.058 1.909 | 0.851 65% 72%
CH4 0.413  0.500 | 0.087 17% 7%
N20 0.104  0.187 | 0.083 6% 7%
CFC12 0.097 0.166 | 0.069 6% 6%
CFC11 0.042 0.058 | 0.016 2% 1%
15-minor 0.034  0.116 | 0.082 4% 7%
Total 1.747 2.936 1.189 100% | 100%
CO2eq 385 481 96

1990=1 0.807 1.356 | 0.549

We can find thathe total radiative forcingf greenhouse gasesa®4 Wi/nt in the year
2014. CQ has 65 % (0.85 W/A), CH4 17 % (0.50 W/rf) and NO 6 % (0.19 W/rf) of
radiative forcing.Together these three have caused 88 % of the radiative forcing.

The change from 1980 has been 1.19 Y\dmd CQ has influenced 72 % of the change.
Other two CH and NO have influenced 7 % of the change each.sThese three have
caused 86 % of the chaa@ the radiative forcing.

It seems that the radiative forcing has been increasiogretant speed from the year
1990 from 2.17 to 2.94 W/in 2014 or increase of 3.2 W#in hundred years (Figure
7.1.2. With the same trend radiative forcing wouldate®.7 W/n% in the year 2100.
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Figure 7.1.2Radiative forcing of greenhouse gases (Source NOAA).

(=]
~
Annual Greenhouse Gas Index (AGGI)

Radiative Forcing (W m-2)
o

=
(¥

g
o

1980
1985
1990
1995
2000
2005
2010

7.2 Influence of CO2 on the global temperature.

It has been proven that concentration of.@®the air, will influence on the global
temperatureSvante Arrhenius (18591 1927) published his studyOn t he I nf |l uenc
Cartbonic Acid in the Airuponthedmpe at ur e i n t he icBlMagazmel 06 i n P
in April 1896 In his article he had a table, in which he had calculated temperature
increases, if CO2Zonent will increasel.5, 2.0 and 3.0 times from the presErB96)

concentration (Figure 7.2). The increase is betweeri 5 deg. C or in average 5.5 deg.

C, if concentration will double.

The CQ measurements have started in the year 1958, thus it isspepulative to
estimate how much warming was caused by B6&Jore this date. To be on the safe side

| have evaluated the influence of the greenhouse gases only aftef h@60easurements

of methane, MO and other greenhouse gases have started evethtaielr960, thus it is

pure speculation to say how, much warming was caused by man and nature. My estimate
is that the greenhouse gases (GWG) have caused 0.1 deg. C warming until the year 1960
(Figure 3.2.3) and 0.97 deg. C warming from the year 196014.20

62



Temperature increase depending on CO2
content and Latitude (deg. C)
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Figure 7.2.1 Increase of global temperature depending on Latitude and multiples;of CO

concentrationSource Arrhenius)

Arrhenius law ofr adi at i v es pfoportienal toam&tural logarithm ofO;

concentration:

a= = Uln (C/Co)

Additionally,t he t emperature increase

If we assume thdahe concentration was about 316 in theyear 1960 an898.6ppm

in the year 2014theratio of concentrations is 1.258

If the sunspot and sulfur correxttemperature has increadegl0.97deg.C from the year

eT

i s

di

1960 (Figure 3.2.3 then72 % or 0.714leg. C of the increase has been caused by CO

(Table 6.1.1). Thewe could find the coefficiertf](alpha): 3.11 Then the law of global

warmingby CQ; is following:

(7.2) & = 3.11In (C/316.9

rect

The concentration can increase to 600 ppm temperature will increase with 2 deg. C

(Figure 7.22). 820 ppm concentration will mean the temperature rise of 3 dBgc@use
the warming by GHG has caused already small charfgeeb#960, the total warming is

somewhat larger.
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Figure 7.22 Formulaof global warming (3.11 x In(C/316.9))depending on the GO
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Figure 7.23 Global emperaure rise caused by G@missions
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Conclusion:

The global temperdure rise after the year 1960caused byCO> can be
limited to less than 1.5 1.8deg. C, if COQ: emissions will be limitedby 2
I 3% annually starting from the year 2030.

7.3 Influence of methane on global temperature

Methane concentration has been growing from 1.2 ppthe year 196@0 1.8 ppm in

the year 2014. If the sunspot asdfur dioxide corrected global temperature has risen by
0.97 deg. C since 1960 and 7 % of the increasbédms caused by metig, then methane
has caused 0.04feg. C((1.8-1.2) x .07 x 0.97warming since 1960.

The future warmingausedoy methane will probably continue with tipeesent trend
since the year ZI) andthe warming will be 0.06 deg. C until th year 2100 and 0.088
deg. C until the year 2200.
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Figure 7.3.1 Warming caused by methane in the atmosphere.
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7.4 Influence of N0 on global temperature

Influence of nitrogen oxide (KD) has been about 7 % on the temperature increase of 0.97
deg. C sige the year 1960. Then the influence eOhhas been 0.042 deg. C on the global
temperature, which is the same as the influence of methane (7.3).

N20 concentratioin the atmosphere has been rising with linear trend since 1960 and thus
the anomaly caused/IN2O is also rising with linear trentlowever, after the year 2050

the concentration is following the population growth and will slow dowiarming
caused by BD will be 0.15degees until the year 2100 and 0ddyy. C until 2200 (Figure
7.4.1).
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Figure 7.4.1Warming caused by since 1960.

7.5 Influence of the other GHG

There are about 17 other greenhouse gases which have totally about 14 % influence of all
greenhouse gases (Table 7.1.1). Thus they have influenced 14 % or 0.13&degh€
totalincrease of 0.97 deg. C of the global temperature since 1960.

There are gases as CFCs which will decrease and other gaseswmvhiokrease in
concentration in the futurelheir contribution on global warming can be evaluated
assuming that they will ctinue to have this 14 % influenca global warmingn the
future.
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By summing up the warming caused by C@ethane and 4D we can make a prediction
until the year 2200as been evaluated in Figure 7.%ithout the other greenhouse gases.

Temperature increase caused by three
most sensitive GHGs (Deg. C)
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7.5.1 Tempexture increasérom the year 1960aused by three most sensitive greenhouse
gases (CQ@ methane and XD).

If we add the 14 % influence of other 17 greenhouse gases assuming that they will
increase temperature rise by factor 1.16 (1/0.86), the influerade2f greenhouse gases

is given in Figure 7.5 2Ve @an then find that in the year @2 the temperature will be 2

deg. C warmer than in the year 1960, if 8€ductions will be 3% in the year starting

from 2030.
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7.5.2Temperature increaseom the yeal960 caused by afireenhouse gases
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7.6 Influence of SO, on temperature

Finally, we have evaluated the influence of sulfur oxide on global temperature using four
scenarios. If the emissions stay at present level, they will cause temperature decrease by
0.1 deg. C compared to year 1960. If-S#issions will be saved by 1 % annually,
tempeature will rise with 0L deg. C until the year 2100 and 0.22 until the year 2200.
With 3 % saving the rise would be 2.5 deg. C until 2100 and 0.3 deg. C until 2200.
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Figure 7.6.1 Influence of S@n global temperature.

7.7 Anthropogenic warming until the year 2200

If we add the influence of greenhouse gases (Figure 7.5.1) @adFg&yure 7.6.1)
together, we will get the estimate for the global warming until the 280 (Fgure
7.7.1). The warming until years 20, 2100 and 2200 are given ialdle 7.7.1.

Table 7.7.1 Warming caused by rbas

Year

1% 2% 3%
Trend Saving Saving Saving

2070
2100
2200

2.03 2.04 2.04 2.01
2.52 2.42 2.32 221
3.04 2.61 2.36

68

actions.



Anthropogenic warming until 2200 from the
year 1960 (Deg. C)
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Figure 7.7.1 Anthropogenic warmirfgzarming caused by man) until the year 2200.

We can find that 2 deg. C warmimgll happen by the year 2070 from the year 1960. The
saving in SQ@ emissionswill add warmingat the same time when G@missions are
reduced. These action will compensate each otlmeis There is no big difference in these
four scenarios until then.

In the year 2100 warming will be 2i2.4deg. Cas compared with level in the year 1960
depending on the saving scenaribsen we should add about 0.D.2 deg. C, which is
the anthropogenic warming until the year 1989.the year2200 warming will be 271

3.0 deg. C or 2.5 3.2 deg. C, if the reference point is the year 1900.

Conclusions

We should be prepared for 237 2.6deg. Cglobal warming until the year 2100 from
the year 1900. The global warming will be 1.8 1.6 degrees after the year 2014, vein
the warming of 1.0 deg. C is the reality.
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8 ELECTRICITY GENERATION

8.1 Electricity consumption

Populaion will be growing from7.1 billion in 2015to 10.5 billion bythe year 2100
Figure 81.1).The fastest growth will happen in Africa and Indidyere the population
will reach 2000 million. At the same time electricity consumption will grow from 24000
TWh in 2015 to 6@®00 TWh in 2100 (Figure.8.2).

Population Forecast
in the World (millions)
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Figure 81.1 Population growth in the world.

Electricity Consumption Forecast
in the World (TWh)
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Figure 81.2 Electricity consumption will grown the world.
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The specific electricity consumption will grow from 3400 kWh/capita to about 6200
kWh/capita by the year 2100 (Figurel83).The highest specific consumption will be in
2100 in North America, the Middle East, China and Japan, which wileaeti2000
kWh per capita. Africa, India and the rest of Asia Pacific will remain below 4000
kWh/capita.
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Figure 81.3 Specific electricity consumption.

8.2 Generation sources

The planning of the electricity generation for the year 2100 has been nihdé isormal
electricity generation by fossil fuels should end by the year 2168l fired generation
should end by the year 2080. Oil agds fired generatiowill decrease to 3 %y the year
2100 (Figure &.1).1t will be needed for balance control ad\per systems.

Renewable electricity sources will increase from 22 % in 2080 % by the year 2050
and to 82 by the year 200. The nuclear share of electricity generation will increase
from 11 % in 2015 to 156 in 2100. Thus the share of gfdee eledticity will increase
from 33 % in 2015 to 9% by 2100.

Electricity generation by usinfossil fuels will peak at 203%vhen they will generate
about 19000 TWh of electricity or 536 of all. Coal fired generation will increase until
2025, when China wiljenerate about 50 % of theat@lectricity of all (Figure 2.2).

Oil and gas generation will increase until the year 2050 and North America and Rest of
Asia Pacific will be the largest uses of oil and gathepower generation (Figure283).
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Electricity Generation Sources in the World (TWh)
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Figure 8.2.1Electricity generation sources by 2100.

Coal Fired Electricity Generation in the World (TWh)

12,000
10,000 BRest of Asia Pacific
mIndia
8,000 - OChina
BAfrica
6,000 - oMiddle East

HELatin America
4,000

OJapan
OOther Europe

2,000 mEuropean Union

@ North America

®

e & &
S

TS

Figure 82.2Coal fired generation will peak at 2025.
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Oil and Gas Fired Electricity Generation in the World

(TWh)
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Figure 82.3Electricity generation with oil and gas (TWh).

Nuclear power will remain as one of the main sources of electricity generation because
USA and China will remain in theuclear powemarket. While the electricity generation

by nuclear plants Wibe stable until the year 202&fter this the new nuclear plants will
increase the outputvhich will peak in the year 2100 atQ@ TWh (Figure3.2.4).

Electricity Generation by LWR power plants in the

World (TWh)
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Figure 824 Electricity generation by nuclear Light Water Reactor (LWR) plants.
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The largest increases will happen in solar and wind power genendtind.and wave
powered electricity will lead reawable generation until 205Bigure8.2.5). But after the
year 2050 solar will overtake wind and wave generatahar power will be the largest
source of the generation BP50 (Figure 8.6). Sola electricity generation will increase
to 25 000 TWhby 210000r the same as total electricity gerigma in 2015. This will be
38 % of the total 65 MTWh electricity consumption.

Wind and Wave Electricity Generation in the World
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Figure 825 Wind and waveower generation in the world.
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Figure 82.6Solar power generation in the world.
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Also hydro and biomass power plants will increase elecgtrggneration considerably.
Hydro generation will double, because of large increaseChina and Africa (Figure
8.2.7). Electricity generation using biomass wiltrease to 1600 TWh by 2100 (Eirg

8.2.8).
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Figure 82.7 Hydro electricity generation.
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Figure 82.8 Biomass electricity generation.
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8.3 Electricity generation by countries

Same kind of changes will happen in each part of the wBddopean Union will be
leading the change, where renewable sources in electricity generation will irffcoease
27 % in 2015 to 74 % in 205Figure 83.1). North America wll follow EU with about
30 year lagging anthe renewable share will riskere from 17 %n 2015 to45 % in
2050(Figure 83.2).
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Figure 83.1Electricity generéion sources in Europeanribn.
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Figure 83.2Electricity generation sources in North America.
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The biggest growth will happen in China where the electricity consumption will grow
from 6100 TWh in 201%0 18 000 TWh in 2100 (Figure®3). Renewable sources will
take 59 % of eledtity generation in 2050. However, fossil fired plants will generate still
18 % of electricity in the year 2050.

India will be following China but its electricity consumption will grow from 1200 TWh
in 2015 to 6800 TWh in 2100 of relativeflgster thann China (Figure 8.4). However,
the renewable share will increase from 17 % in 2015 to 45 % in 2050.
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Figure 83.3Eledricity generation sources in China

Electricity Generation Sources in India (TWh)
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Figure 83.4Eledricity generation sources in India
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Large changes can also happen in Afrigdiich can change to 100 % renewable
electricity souces by the year 2080 (Figure3&%). There is a lot of sunshine and only
small part of Sahara could generate enough electricity to power the whole world.
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Figure 835 Eledricity generation sources iAfrica.
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Figure 83.6Eledricity generation sources in the Middle East
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Electricity Generation Sources in Latin
America (TWh)
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Figure 83.7 Eledricity generation sources in Latin America

Electricity Generation Sources in Rest of Asia
Pacific (TWh)
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Figure 83.8Eledricity generation sources in the Rest of Asia Pacific

8.4 CQ emissions caused by electricit y

The CQ emissions of power plants can be evaluated usingfgp€©- coefficients for
each fuel (Figure .8.1). Coal plants start from 950 g/kWh aend with 800 g/kWh in
2100 Oil and gas plantstart from 550 g/kWh in 1990 and end with 420 g/kWh ia@®1
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Specific CO2 emissions (g/kWh)
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Figure 84.1 Specific C@emissions of power plants.

CO emissions of electricity generation will peak @t @&t in the year 2030 (Figure4s2).

The largest emissions have been in China and North America. The emissions will
decrease to about 1 Gémpyear by 2100. This will be about 80 % less than the emissions
in the year 1990.

Global CO2 emissions of electricity generation (Gt)
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Figure 83.2 Global CQ emissions of electricity generation by countries.

The specific C@ emissions of electricity generation will drop continuously from 500
g/kWh in 205 to about 20 g/kWh in 2100 (Figure 8.3.B) will lead the development
and it will reduce emissions from 310 g/kWh in 2015 to 50 g/kWh in 2050 (Figure 8.3.4).
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Specific CO2 emissions of electricity generation
(8/kWh)
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Figure 8.33 Specific CO2 emissions of electricity generation.
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Figure 8.3.4 Specific CO2wssions of electricity in countries.

The coal plants will cause major part of the &missions (Figure.8.5. However, the

coal plants can be decommissioned totally. The oil and gas plants will be needed to

balance the power systems because of changgsneration bsolar and wind power
plants.
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Global CO2 emissions of electricity generation
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Figure 83.5Global CQ emissions of electricity generation by fuels.

With these emissions the cumulative emissions from electricity generation sector will be
900 @G in the year 2100 (Figure 8.3.6nd 200Gt of these have already emitted. The
maximum emissions will be 3000 Gt (Figure 4.3.2) and about 1500 Gt have already
emitted. Thus 800 Gt has been left to other sectors after the year 2015.
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Figure 83.6 Cumulative CQemissions of electricity generatitwy fuels.
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The 3 % annual saving plan after 2030 was selected as a basic plan to limit warming to
less than 2.5 deg. C (Figure 4.3.3). Then the cumul@@e=missions should not exceed
3000 Gt by the year 2200. The emissions have been 690 Gt beforei#0P310 Gt of
emissions can be emitted after the year 1990.

The cumulative emissions of electricity generation will be 930 Gt after 4@8frding to
the above planThe CQ emissions of the other sectors shouldttenless thar2310 Gt
minus930 Gtor 1480 Gt (Figte 83.7).
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Figure 83.7 Maximum cumulative C&emissions allowed to limit global warming to
less than 2.5 deg. C.

83



9 OIL CONSUMPTION AND EMISSIONS

9.1 Oil consumption

After electricity another major form of energy is used as dirécboisumption. It is used
for transportation with almost 100 % market share in cars, airplanes and ships. It is used
also for heating of houses, industries and also small amount in fueling power plants.

The oil consumption can be grouped by products: kiggtillates, middle distillates and
others. Light distillates are mainly used by cars, middle distillates by trucks and heavier
distillates by ships and industriéghe consumption of oil has been growing in light and
middle distillate products (Figure®1).

Oil consumption by products (Mt/a)
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Figure 91.1 Oil consumption by products (Source BP)

The growth has happened mainly in light and middle distillates, which market shares have
increased from 30 % and 33 % to 33a¥d 37 % respectively (Tablel9l). However,
other products asgavy fuel oil has diminished.

Table 91.1 Market shares of oil products.

Product 1990 2014
Light distillate 30% 33%
Middle distillate 33% 37%
Other 37% 30%
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Oil consumption has been the largest in North America, which has consumed atout 25
of all oil in 2014 (Figure 9.2). However, the growth in oil consumption has been
decreaseth North America after 2008, but increased in China.

Qil consumption by countries (Mtoe/a)
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Figure 91.2 Oil consumption by countries (BP).

Oil consumptiomper capita figures haweery big differences with North America lead
at 3.3 toe/capita (Figure®3) and following by Middle Easnhd Japan at 1.8 toe/capita
levels.European Union is alevel of 1.2 toe/capita

Average consumption of oil in the world has been constant &ttGeBcapita (Figure
9.1.4).East Europe and Latin America are quite near the world average figures. China
has 0.4 toe/capita oil consumption, but it has been increasing constantly from 0.1
toe/capita in the year 1990. The main reason is cars, which are now filling the roads in
the biggest cities in China.
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Figure 91.3 Specific consumption of oil (BP).
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9.2 Motor vehicles

It is possible now to make a change from oil to electricity very rapidly with electric cars.
They have been coming into markets. Today about 90 million motor vehicles sold
annually. More thaiwne million of the cars are plug in electric vehicles. Leading model
is Nissan Leaf which has 20 % of the market of electric cars.

We canassume that the change ¢appen very rapidly so that by 2040 more than 50 %
of the ®ld cars are electric (Figug2.1).Then by 2050 all new vehicles will be electric.

Global sales of motor vehicles
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Figure 92.1 Sales of motor vehicles.

Change in vehicles on the roads happened more slowly. By 2050 ab#ubbthe all
vehicleswill be electric (Figure 2.2). It will take until 2065 until ahost all vehicles will
be electric.

The fuel consumption will change so that oil peak will happen in the year(Egg0e
9.2.3) Then after 2070 all vehicles are electric and no oil is needed. However, ships and
airplanes need oil also ling after this.
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Figure 92.2 Available motor vehicles on the roads.
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Figure 92.3Fuel consumption of motor vehicles.
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9.3 Future oil consumption

If the consumption of light and middle distillates will follow the forecast of fisel in
motor vehicles (Figure.9.3), then use of them wilpracticallyend by 2070. However,

the use of other products will continireships and industries. It is assumed that use of
oil in the other products will decrease with 3 % annually starting from the year 2030.
Thenuse of oil wil peak at 203@t 500 Mt per yeafFigure 93.1).

Oil consumption by products (Mt/a)
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Figure 93.1 Oil consumption forecast by products.

Assuming that the consumption of oil will follow tkame pattern given in Figure39l
in all countries, then the consumptidiod is forecasted inigure 93.2 by countrieOil
peak will happen in the year 2030 @md2070 only other products will remain.

The CQ emissions caused by oil wpkak in theyear 2030 at 14.5 Gt (Figure333).The
cumulative CQ emissions of oil will be 800 Gafter theyear 1990 (Figure.8.4).
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Figure 93.20il consumption forecast by countries
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Figure 9.3.3CO; emission forecast of oil products by countries.
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10 TOTAL CQ EMISSIONS

10.1 CO2 emssions of other sectors

There are also other sectors then electricity and oil which causer@i@sions. Coal is

used for steel production and natural gas for heating of houses. It is assumed that these
sectors will follow electricity and oil sectors @O, emissions and the peak emissions

will be in 2030. It can be found that China is the biggest emitter becausege steel
industry (Figure 1(.1).The cumulative emissions of othecsors will be 700 Gt (Figure
10.1.2).
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Figure 101.1 CQ emission®f other sectors.
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Figure 101.2 CumulativeCO, emissions of other sectors.
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10.2 Global CQ emissions

Global CQ emissions will peak at 42 Gt in the year 2030 (Figl@e2.1). Largest
emissions are coming from Chirfapecific emissions are largest infdioAmerica. By
2030 the world average emissions will 5 t/capita and then startteagecto 2.5 t/capita

Figures 10.2.2 and 103).
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They are mainly coming from the other sectors, which are mor&h#mnof all emissions
(Figure 102.4). Cumulative C@emissions after 1990 will reach 2500 Gigure 102.5).
This is about 250 tons/ capitain source of emissions is China. elleumulative
emissions will reach 3200 Gefore the year 2100 (Figure.2@).
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Figure 102.4CO, emissions by sectars
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Cumulative emissions after 1990 (Gt)
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10.3 Summary

The cumulative C@emissions of energy sectors will be 3200 Gt before the year 2100.
This will mean that the anthropogenic global warming by the year 2100 will follow
between the greeand yellow curves in Figure 11, which correspond to 2 &hd 3 %
saving in CQ emissions after the year 2030. By the year 2200 the AWG caused
temperature rise will be then 2.2.6 deg. C starting from the year 1960.

Anthropogenic warming until 2200 from the
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Figure 10.3.1 Anthropogenic global warming (AWG) since 1960.

The year 1958 is the first gewhen CQwas measured and the statistics of BP start from
the year 1964. Thus we know greenke gases quite well since th&WwWG before the
year 1960s speculation, because the contents of them has not been measured.

The warming will continue until Z2D independently, because decreasing the use of coal
is decreasing the S@missions at the same time. If the S#fnissions decreasing, this
will warm the earth as much as decreasing ot €@issions will cooling it. However,
after the year 2070 the whéeretcoal emissions will end, the decreasing of @@issions

will work at their total force.
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11 ENERGY POLICIES

11.1 North America

North America has been the leading Litter for long time, but the its emissions have
been declining aftehe financi&crisis in 2008. Howeverhe emissionkave been rising
after 1990and were 14 % highém 2014than in the year 1990. US has promised in Paris
climate talks in December 2015 to cut its emissions by 2025 by 26 % froemiksion
figures in 2005This mans thatheemissionsn 2025should be 10 % lower than in 1990.
However, it seems that emissions in North America wibtde10 % highein 2025 than

in 1990 (Figure 11.1).
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Figure 111.1 CQ emissions in North America.

However, 1 is possible thiathe emissions in North America will be 50 % lower in 2050
compared wi emissions in 1990. USA will have tleading the electric vehicle industry
and thus the use of oil in transportation will decrease dramatically by PO&@lectricity
generation wi be the main source of emissions by 2050.

The cumulative emissions of North America until 2100 will be 430 1IGR0® tons per
capita (Figure 11..2). This will bemore tharthree timesheglobalcumulative emissions
of 250 tons per capita.
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Cumulative CO2 emissions of North America
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Figure11.1.2 Cumulative emissions of North Ameradter 1990

11.2 European Union

European Union has been leading the emission reduction plans. It published the 2020
plan, according which the G@missions should be 20 % lower in 2020 as compared with
the base gar 1990. It seems that this target will bhiaved already in the year 20T1%e

next targeis set to the year 2030, when %0reduction should be reachétlseems that
already 50 % reduction cdre reahed by 2030 (Figure 14.1). Thus EU & discussig to

redwce emissions by 3040 %before the year 2030.
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Figure 112.1 CQ emissions of European Union
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It is possible that before 2050 EU has reduced its 1990 emissions more than 90 %. This
means that use of oil has ba®ainly stopped in the car indugtand electricity will be
free of CQ emissions.

The cumulative emissions of European Union will then increase to 180 Gt by 2100
(Figure 112.2). This is about 360 t CG(per capita. The average figure was 250 t/capita
for the whole world. Thus EU is oné largest emitters of all countries, but it will emit
less than 50 % ddfpecifc emissions of North America @8 t/capita).
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Figure 112.2 CumulativeCO, emissios of European Unioafter 1990

11.3 China

China has been the biggest emitter ob@a@h its quickly rising energy consumption and
GDP figures. China has promised in Paris talks to start reducing jte@iGsions after
the year 2025t seemsthat the peak C&emissions will happen in the year 2030 at 14000
Mt (Figure 113.1). This is, howewe470 % more that its emissions in the year 1990.

After 2030 China has promised to reduce its emissions 2 % per year until 2040 and 4 %
per year after 2040. It will mean that the emissions will be 11400 Mt in 2040 and 1000
Mt in the year 2100. This isuite near théorecast given in the Figure B11.
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CO2 emissions of China (Mt/a)
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Figure 113.1 CQ emissions of China

The cumulative C@emissions of China will reach 720 Gt by the year 2100 from the year
1990. This is more than North America and EU combined. HoweveGuimelative
emission®f Chinawill be 500 tons per capita, which will be higher thiafeU, but much
lower than in North America.

Cumulative CO2 emissions of China (Gt)

800
700
600

500
H Others

400 -
m Oil

300 M Electricity
200

100

0
1950 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

Figure 113.2 Cumulative emissions of Chiatier 1990
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11.4 Rest of the world

The CQ emissions in the world outside North Antaj European Union and China will

be increasing until the year 2030, when thé/peak at 20000 Mt (Figure 14.1). Then

they will start decreasing because of the electric vehicles are coming into the markets.
The emissions of electricity will peak inglyear 2040.
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Figure 1141 CO emissions of counes outside North America, Eapean Union and
China.

The cumulativeCO, emissions outside North America, European Union and China will
be 11® Gt by the year 2100 (Figure .412). The cumulative emissi@were estimated

to be 430 Gt in North America, 180 Gt in EU and 720 Gt in China or 1330 Gt combined.
These three areagll emit54 % of the total (2460 Gt) cumulative emissions until 2100.

Because of the majority of population is living in these coaestrutside NA, EU and
China,the specific emissions will be there much lower. The specific emissitinsrest

of the world are 180 tons per capitdyich is 0 % of the average emissions of the whole
world of 260 tons perapita (Figure 14.3).
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Cumulative CO2 emissions outside North
America, European Union and China (Gt)
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Figure 114.2 Cumulative CQ emissions outside North America, European Union and
Chinaafter 1990
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Figure 114.3 CumulativeCO, emissions per capitafter 1990
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11.5 Summary

The COP 21 talks in December 2015 set a target to limit anthropogenic gkxiaingy

to 1.5 deg. C. They wanted to stop the greenhouse gas emissions in the second half of the
21th centuryThe global emissions will bancreasing until the year 2030 and will start
reducing thereafter.

Only EU has been able to reduce itsX@&missiors after 1990. The emissions in North
America and China are today much higher than in 1990. The other countries outside North
America, European Union and China will be increasing their emissions until the year
2030.

The realistic truth is that the cumulative COz emissions after the year 1990 wil
reach 2500 Gtuntil 2100. With the CO2 emissions of 690 Gt before 1990 the tota
anthropogenic emissions until 2100 will be about 3200 Gt. This will lead to
anthropogenic global warming (AWG) with 2.5 deg. C by theear 2100.
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12 WINDS

12.1 Sailing routes

Old sail shipgould not sail against the wind. Thus the routes of them indicate prevailing
wind directions in globe. A famous sailing boat was cligpetty Sark, which was used

for transporting cargo from Lalon to Australia and back. It was launched in 1869 and it
can still be seen in Greenwich, London. The site has also smaller sailing boat, Gipsy
Moth, which was the first sailing boat used for single handed round the world sailing by
Francis Chichester (19017 1972). He arrived in London in 1967 after his voyage had
lasted 226 days with only one stop in Australia.

Its route started from London and continued first to Rio de Janeiro in South America and
from there round Cap Town ets® HKdodsett we®innd att h
and 50 S) to Australia (Figure 12.1). The voyage to London used again the Roaring

Forties to South America through

2 ™
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Figure 121.1 Route of Cutty Sark was used transport cargo from London to Australia
and back.

The prevailig windsare blowing to west (Trade winds) near equator and to east at the
Roaring Forties (Polar Easterlies) in southern hemisphere and also to rasghern
hemisphere (Figure 12.2).

The origin of the trade winds near the equator is the low pressueewhich drives the

wind towards the equator and coriolis forces. Without rotation of the sun the trade winds
would be blowing from north to south in the northern hemisphere and south to north in
the southern hemisphere (Figdr21.3).
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Figure 121.3 Driving force of trade winds to equator is the low pressure zone, which is
caused by the sun, which is heating the air in the equator and coriolis force of the earth,
which is caused by ration of the earth.
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In Atlantic Ocean low pressure zones are near equator and near Island. In the between is
a high pressure zone which gives the wind rotating force which makes the winds to blow
clockwise. Near Island is low pressure zone which makes wied blow
counterclockwise.

Thesetrade winds are also driving force of the Gulf Stream.Gulf Stream will not
stop as long as winds are blowing. They are blowing as long as tkan is shining
near equator and causing a low pressure zone by heating the ai

12.2 Wind resources

Average wind speed during years 1978995 at 10 m show, where the wind can b
used as power source (FigureZ2). The highest wind speeds (red) can be found in the
Roaring Forties in the Southern hemisphere and in North Atlantl Pacific Oceans.
The lowest wind speed areas are near the equator in South America and South Africa.

Figure 122.1 Average global wind speeds.

The average wind speeds are above 8 m/s in North Atlantic Ocean (yellow) from New
York to Norway and irPacific Ocean from Japan to Alaska. However, there are very
good potential for wind power onshore site, which can be found, if the wind is e@asur
at 80 m height (see chapter.32Vind Resources in US).
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12.3 Wind resources in US

Sailing boats are usdd day for racing and fun, but winds are today used to generate
wind power. US resources have been evaluated by National Renewable Energy
Laboratory (NREL) in Jy 2012 at 80 m height (Figure B1). The best wind resources

can be found in the middle &fS from Texas (5600 TWh) to Kansas (3200 TWh) and
trough Nebraska (3000 TWh) and South Dakota (2900 TWh) to North Dakota (2500
TWh).

Source: Wind
LLC. Web: http:/Avww. P com. Map developed by
NREL. Spatial resolution of wind resource data: 2.0 km
Projection: Albers Equal Area WGS84

R HEN
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Figure 123.1 US wind power resource measured as average wind speed atéghh
as evaluated by NREL)

The total theretical wind potential in US on land is 38 800 TWh andstiére 11000

TWh. The total potential is 5000 TWh, which is about 12 time US electricity generation
3800 TWh in the year 2014. However, only 180 TWh (0.3 %) the wind resource was used
in 2014.
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12 .4 Wind resources in Europe

Wind resources in Europe can be fowmdthe coastal areas of Atlantic OceanttN&ea

and Baltic Sea (Figure 121). The leading countries in wind energy generation have
Germany (56 TWh in 2014), Spain (52 TWh), in U (TWh), France (16 TWh), Italy

(15 TWh) and Denmark (13 TWh). All of them except Italy are near the Atlantic coast
areas.
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Figure 12.4.1 Wind resources in Europe, where the green areas are the best suited for
wind power generation (sourc€haracterizaion of the Wind Power Resource in Europe
and its IntermittencyReport 258, March 2014)

12.5 Hurricanes

Hurricanes are formed in the middle of Atlantic Ocean, wheéemperature of the sea is
rising during autumn from August to Octob&he rising temprature of seawater means
huge amount of thermal energy which will surge from theBeahurricanes hit on land

typically in Caribbean Islands and in US east coast
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The 10 strongedlS hurricanes measured by psase have been listed in Table.3.2.

The strongest of them, Labor Day, happened in the year 1935. The second strongest,
Camille, happened in the year 1969 and third strongest, Katrina, in 2005. These have hit
the land with about 35 year intervals.

Table 125.1 Ten strongest US hurricanes bggsure

Rank Hurricane Season Pressurg
mbar
1 Labor Day 1935 892
2 Camille 1969 900
3 Katrina 2005 920
4 Andrew 1992 922
5 Indianola 1886 925
6 Florida Keys 1919 927
7 Okeechobee 1928 929
8 Great Miami 1926 930
9 Donna 1960 930
10 Carla 1961 931

Source: HURDAT,[23] Hurricane

If we make a trend of US strongest hurricanes by year and pressure, we can find that their
strength has been growing slightly because the predsas becoming lower (Figure
125.1).

Trend of 10 US stongest Hurricanes
by pressure (mbar)
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Figure 125.1 Trend of US Strongest hurricanes by press@ems to be slightly
decreasingwhich means that their strength has been increasing
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The trend of the strongest (category 5) Atlantic hurricanes by pressure is also slightly
decreasing and thus their strémpas been increasing (Figure3.2). Also thenumber

of category 5 Atlantic hurricanes has been higher (8) during the last 15 years than ever
before and they have been stronger than ever with average pressure of 910 mbar. The
number was 7 during the years 1924939, but they were in average weal@t0 mbar)

by strength.

Trend of Strongest Atlantic
Hurricanes by pressure (mbar)
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Figure 125.2 Trendof strongest(category 5)Atlantic hurricanesby pressure seems to
be decreasing, which indicates that their strength has been increasing

Increasing of the strength of the hurricanes is becoming from théh&tcthe seawater

has been warming during the2@entury. The water should be about 30 deg. C from the
surface to several meters below the surface. Seawater temperatures will be studied in the
next chapter.
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13 SEAWATER TEMPERATURES

13.1 Observations

Historical seawater temperature data can be downloaded from UK data bases (Cefas Data
Hub). One of the longest records is Eastbourne site at English Channel. The data shows
the waming trend since 1970 (Figure .13l). Until then the tegear average ainnual
temperature was about 11.2 deg.-0.3. The temperature of the seawater has risen with
1.05 deg. C, if we compare 3@ar average figures from years 1909130 to years 1991

2012 (Figure 13.2).

Seawater temperatures in Isle of Mann are quitelainto Eastbourne, but the
measurementsat from the year 1904 (Figure 133). However, temperature has risen
there only with 0.82 deg. C.

If we calculate the average values of these two sites, we will get an estimake of U
seawater temperature (Figut8.1.4). From this figure we can conclude that seawater
temperature has risen in UK with 0.92 deg. C. This rise has happened during the last 30
years.

Sea Water Temperature at Eastbourne
(deg C)

12,5 L X 2 ¢

L
*
12,0
& & & FY L ] &
11,5 b .v . "’.. . * L+ .v
o« *| 0 .
. b Y,

* *
11,0 M, SIS +
. |® © ¢

. o *

* * - * @
105 I35, g e * o

.

10,0

1890 1910 1930 1950 1970 1990 2010 2030

¢ Annual =10y avg

Figure 131.1 Temperature measurements at Eastbourne.
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Figure 131.2 Temperature measurements at tbasirne.
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Figure 131.3 Temperature measurementdsle of Mann.
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Figure 131.4 Temperature measuremeimsdJK (average of Eastbourne and Isle of
Mann).
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Figure 131.5 Temperature measuremeimsJK (average of Eastbourne and Isle of
Mann).
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13.2 Temperatures in Atlantic Ocean

Temperature®f the sea water can be downloaded from W@tban AtlagWOA),
which is maintained by National Oceanic and Atmospheric Admininstration (NOAA).
The temperature measurement curves during yearsi2P053 at 10 ndepth show that
average annual temperatures dtla@itude are between 2026 deg in the Atlantic and
between 18 23 deg. C in the Pacific. At 8@attitude the temperaures are betwedn 6
10 deg. C in the Atlantic andi45 deg. C in the Pacific (Figa 132.1).
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Figure 132.1 Annual temperatures at 10duaring 20042013 ( WOA
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Figure 132.2 Annual temperatures at 10 daring 195% 1964 (WOA

113



The same curves during years 195864 show that average annual temperatures®at 30
Lattitude are alsbetween 20 26 deg. Cin the Atlantic (Figure 1.2.2) and between 18

I 22 deg. C in the Pacific. At 8Qattitude the terperatures are betweeri &0 deg. C in

the Atlantic and betweeni24 deg. C in Pacific. It is difficult to find warming during
theseb0 years.

However, terperature fluctuates consideralifgm January to July. Temperatures of the
seas at 10 m depth are af BDare about 13 deg. C in Atlantic in average. During January
the temperatures in Atlantic are at’SCabout 10i 12 deg. C (Fige 132.3). During
August theyare at 15 17 deg. C (Figure 13.4). The difference is about 5 deg. C and it
comes from the influence of the warming in the summer and cooling in the winter.
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Figure 132.3Temperatures in the seas at 1@apthin January(WOA).
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Figure 132.4Temperatures in the seas at 1@apthin August(WQOA).
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Size of North Atlantic is about 5000 km x 5000 km. It has about 2.5 E17 kg of water. If
this water is heated with 5 deg. C, the energy needed is 5.25 million PJ (Peta Joule).
Energycontent of 5.2 million PJ corresponds to 124 000 miltams of oil equivalent
(Mtoe). World is using about 13.000 Mtoe of primary energy. Thus the energy storage of
North Atlantic @rresponds to 10 times of annual woeldegy consumptionThis isa

factor which will influence to the climate in Europe remarkably. It will warm up the
winters and cool the summers.

It has been estimategrlierthat the air temperature will be in average 2.5 deg. C warmer
in 2100 than in 1960, when the measurementS@fwere started. This will mean that
seawater should be warming. However, in some areas water will be evaporating, which
will cool the water and keep the surface temperature rather constant.

Evaporation Minus Precipitation cmfyr Cl = 20

30E BOE 90E 120E 180E 180 150WY 120W 90w BOW  30W
Longitude

Figure 13.25 Evaporation minus precipitation iworld oceans(Source: Wood Hole
Ocearographic Institution.

13.3 Gulf Stream

We were told in the school that Finland and whole North Europe is warm because of the
Gulf Stream. Gulf Stream was said to bring warm water to North Atlantic and thus
warming North Europelhis theory of warming Gulf Stream was invented 150 years ago
by Benjamin Franklin, who made a map of theain in the late 1700s (Figure.23).

We were also told that the Gulf Stream has its origin from the rotation direction of the
earth. The eartrsimoving rapidly to the east and the air is not. Thus prevailing winds
blow to the East in the equator.
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Figure 133.1 Map of the Gulf Stream made by Benjamin Franklin.

Figure 133.2 Gulf Stream
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A better picture of the Gulf Steam (Figure 13.312)0ws how the Stream has its origin
near Canary Islands. It is streaming from there to Caribbean islands, where the Gulf
Stream is pumping warm water through the U.S. East coast and from there into North
Atlantic and to Europe.

The influence of the Gulf 8am can be seen in January, when the sea water at 10 m
depth in about 5 deg. C atl0atitude near Norway (Figure 133). The same 5 deg. C
line goes at S0latitude near Canada. The main cause of the North Atlantic current is the
winds which blow coumr clockwise in North Atlantic. The Low Pressure Center is
typically near Island.

Some say that the Gulf Stream may stop com
Tomorr owo, where this happened. However, t
Streamhas been caused by the winds. They blow near the equator to west and in North
Atlantic to Northeast. The driving force is the wind not the salt content of the sea.

The temperature may drop vesgon only, if a meteor will hithe ground. This kind of
crass happened 60 million years agoYimcatan peninsula. There is still a cratapwn
as he Chicxulub, which is 20 km deep by 180 kilometide. This collision killed about
80 % of known species on the earth.

13.4 ENSO

Changes in winds and sea currehtppen in Pacific Ocean, which have El Nino
oscillations or El Nino Southern Oscillation (ENSO). ENSO is a change in seawater
temperatures, which happen periodically near the equator. Normally trade winds blow
from east coast of South America to west arater becomes warmer in west side of
Pacific Ocean.

El Nino

During EI'Nino the wind blow fromwestto eastand bring warm water to the coast of
South America and seawater surface taapee (SST) increases (Figure4.3).

During El Nino months from Deaoaber to February coast of South America becomes
warm and wet (Figure 13.4.2) and during June to August dry and warm (Figure 13.4.3).
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Figure 134.1 El Nino causes seawaturfacetemperaturg SST)ise near the coast of
South America (Source NOAA).

S

f; Dry and Warm

Source: http://www.srh.noaa.gov/jetstream

Figure 134.2 EI Nino months from December to February (NOAA).
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Figure 134.3 El Nino months from June to August (NOAA).

La Nina

Anotherphase of ENSO is La Nina, when the winds start to blow from east to west and
seawater surface temperature becomedecoh the westoast of South America (Figure
134.4).

NOAA Extended 55T
Surface SST (C) Compesite Anomaly 1971-200 climo
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Figure 134.4During La Nina seawater surface tematre (SST) becomes lower
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During La Nina months from December to February coast of South Aaiecomes dry
and cool (Figure 13.5) and duringuneto August wet and cool (Figure #33).

Wet a Cool

Source: http://www.srh.noaa.gov/jetstream/

Figure 134.5 La Nina months from December to February (NOAA).

Figure 134.6 La Nina months from June to August (NOAA).
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