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Plan of talk

The PAGEOQO9 model.

- Base scenario results.

« Results from experiments.
« Towards optimization.
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The PAGE09 model
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Structure of the PAGE09 model

Select an abatement and adaptation policy

Global and
regional
temperature

Costs of Costs of

abatement adaptation

Impacts
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The PAGE09 model

Excel 2010 workbook with @RISK 5.7 add-in

8 regions

- Including EU, US, China
10 analysis years

. up to 2200

4 impact sectors

. Sea level, economic, non-economic, discontinuity

2 policies and their difference

112 uncertain inputs

100000 runs to calculate distributions of outputs
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Base scenario results
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CO2 concentration in 2100, base scenario
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Source: 100000 PAGEOQ9 runs; A1B scenario



Climate sensitivity, base scenario

1.83 4.64
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Source: 100000 PAGEO09 runs, A1B scenario
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. SENS

Minimum 1.24
Maximum 6.91
Mean 3.01
Median 2.87
Std Dev 0.866
Skewness 0.7393

10% 2.00
25% 2.35
75% 3.53
90% 4.21

Values 100000
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Global mean temperature rise in 2100, base scenario

2.42 5.90

. degC

Minimum 1.52
Maximum 8.77
Mean 3.87
Median 3.69
Std Dev 1.08
Skewness 0.6660

10% 2.62
25% 3.03
75% 4.56
90% 5.41

Values 100000
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de...

Source: 100000 PAGEOQ9 runs; A1B scenario
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NPV of total effect, base scenario

0.04 1.36
5....
M- |
Mean 408,530,178.20
Std Dev  536,600,415.96
Skewness 4.4385
10% 65,315,397.10
25% 116,431,729.76
75% 488,295,145.56
90% 936,466,613.75
Values 100000
4 6 8 10 12 14

$ thousand trilli...

Total effect = Impacts + abatement costs + adaptation costs
Source: 100000 PAGEOQ9 runs; A1B scenario
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Results from experiments
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Experiment c: Increased GDP growth of 0.5%
per year

GDP growth rate in all regions increased by 0.5% per year from 2020
to 2100

Global GDP becomes $1200 trillion in 2100, vs $800 trillion in base
scenario, an increase of about 50%. This persists through 22

century.
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NPV of total effect, experiment c

0.04 1.36
| 5.... 5
. te_a ¢,
Mean §99,493,225.66
Std Dev  572,694,170.24
Skewness 5.8778
10% 59,201,209.73
25% 106,845,865.36
75% 463,534,095.57
90% 916,121,828.39
Values 100000
-5 0 5 10 15 20 25

$ thousand trilli...

Source: 100000 PAGEOQ09 runs
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Explanation of result; experiment c

« GDP is not linked to emissions in PAGEQ9.

« Concentrations, temperature and sea level rise are the same as in the
base scenario.

« The higher GDP leads to higher impacts as they enter the impact
function as a % of GDP.

« The higher GDP leads to a lower valuation of the impacts, as the
EMUC is greater than 0.

« The two effects would cancel out with an EMUC of 1.

« Mean EMUC in PAGEQ9 is 1.167, so the 2" effect is slightly stronger.
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Experiment e: Increased population growth of
1% per year

« Population growth rate in all regions increased by 1% per year from
2020 to 2050

« Global population becomes 12.8 bn in 2050, vs 9.5 bn in base
scenario, an increase of about a third. This persists through the rest of

the 21st and the 22"d century.
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NPV of total effect, experiment e

0.07 1.84

. te_a ¢

Mean ©68734,694.67
Std Dev  704,566,207.47

Skewness 4.0871

10% 99,686,038.36

25% 172,151,444.02

75% 688,298,681.05

90% 1.289E+009

Values 100000
-2 4 6 8 10 12 14 16

$ thousand trilli...

Source: 100000 PAGEOQ09 runs
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Explanation of result; experiment e

« Population is not linked to GDP or emissions in PAGEOQ9.

« Concentrations, temperature and sea level rise are the same as in the
base scenario.

« The higher population means people are poorer on average so the
climate change impacts are valued more highly, as the EMUC is
greater than 0.

=% CAMBRIDGE

&P Judge Business School




Experiment d: Increased mean climate
sensitivity by 1 degC

« Transient climate response increased from <1, 1.3, 2.8> to <1.7, 2,
3.1>

« This increases the mean of the climate sensitivity from 3.0 degC to
4.0 degC, and preserves the standard deviation of the climate
sensitivity at 0.86 degC.
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NPV of total effect, experiment d

0.13 2.39
| 5.... 5
M- |
Mean ©21,028,662.26
Std Dev  865,198,130.21
Skewness 4.1513
10% 183,715,249.37
25% 307,661,569.98
75% 1.018E+009
90% 1.746E+009
Values 100000
-5 0 5 10 15 20 25 30

$ thousand trilli...

Source: 100000 PAGEOQ09 runs
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Explanation of result; experiment d

* Increased transient climate response leads to increased temperature
change and sea level rise ceteris paribus.

« Higher temperature change leads to higher CO2 concentration via
carbon cycle feedbacks which are included in PAGEQ9. Mean CO2
concentration in 2100 increases from 704 ppm in base scenario to
733 ppm.

* This increases temperature and sea level still further. Mean
temperature rise in 2100 increases from 3.9 degC in base scenario to

5.3 degC.

« This leads to higher impacts and higher chance of discontinuity.
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Variant experiment d: Increased mean climate
sensitivity by 1 degC

« Climate sensitivity is derived from Transient Climate Response (TCR)
and Feedback Response Time (FRT).

. SENS = TCR/(1-((FRT/70)*(1-EXP(-70/FRT)))) degC

« So an increased climate sensitivity can come from an increased TCR
(experiment d), or an increased FRT (variant experiment d)

« Feedback response time increased from <10, 30, 65> years to <53,
55, 63> years.

« This increases the mean of the climate sensitivity from 3.0 degC to
4.0 degC, while increasing the standard deviation of the climate
sensitivity only slightly to 0.93 degC.
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NPV of total effect, variant experiment d

0.07 1.90

B e \L

Mean £90,545,805.24
Std Dev  733,018,655.82

Skewness 4.1807
10% 99,127,575.55
25% 176,702,372.26
75% 715,348,121.29
90% 1.337E+009
Values 100000

5 10 15 20 25
$ thousand trilli...

Source: 100000 PAGEOQ09 runs
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Explanation of result; variant experiment d

« Longer feedback response time leads to later temperature change
and sea level rise compared to higher TCR.

* Mean temperature rise in 2100 is 4.4 degC, an increase from 3.9
degC in base scenario, but much lower than the 5.3 degC in the
experiment d with higher TCR.

« This leads to lower impacts and lower chance of discontinuity in
variant experiment d than in experiment d, with mean total effect of
$591 trillion rather than $821 trillion.

« Conclusion: How the climate sensitivity is increased can have a big
effect on the results.
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Experiment a: Pulse of 50Gt in 2020

« Emissions of CO2 increased by 5 Gt for 10 year period centred on
2020.
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NPV of total effect, experiment a

0.04 1.36
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Mean 413,045,877.21
Std Dev  538,733,969.08

Skewness 4.3881
10% 66,562,869.86
25% 117,973,081.70
75% 494,935,918.30
90% 948,140,330.14
Values 100000

4 6 8 10 12 14
$ thousand trilli...

Source: 100000 PAGEOQ09 runs
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Explanation of result; experiment a

* Increased emissions of CO2 leads to increased temperature change
and sea level rise.

« Higher temperature change leads to higher CO2 concentration via
carbon cycle feedbacks which are included in PAGEQ9. Mean CO2
concentration in 2100 increases from 704 ppm in base scenario to

707 ppm.

* This increases temperature and sea level still further. Mean
temperature rise in 2100 increases from 3.87 degC in base scenario

to 3.89 degC.

« This leads to slightly higher impacts and higher chance of
discontinuity.
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The social cost of CO2 in 2020

15 322

[ 5. 5
Bl scco2 ¢,
Mean 3594
Std Dev 468.84
Skewness 14.8989
10% 20.57
25% 34.78
75% 122.95
90% 221.40
Values 100000

-2,000 0 2,000 4,000 6,000 8,000 10,000 12,000 14,000 16,000 18,000

Source: 100000 PAGEOQ9 runs, A1B scenario
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The social cost of CO2 in 2009; base scenario

SCC...
11 283
| 5... 5
[l scco2
Minimum ﬁ.%
Maximum 11,557.85
Mean d0386
Median 49.91
Std Dev 264.37
Skewness 11.8160
10% 15.47
25% 26.41
75% 97.02
90% 182.10
Values 100000
-2,000 0 2,000 4,000 6,000 8,000 10,000 12,000
$/tC...

Source: 100000 PAGEOQ9 runs, A1B scenario
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Mean SCCO2 in 2010, by experiment

Experiment ___| Mean SCCO2 -

Base scenario 106 $(2005)/tC0O2
Increased GDP growth 103 $(2005)/tCO2
Increased popn growth 150 $(2005)/tCO2
Increased sensitivity 215 $(2005)/tCO2

Source: 100000 PAGEOQO9 runs; all mean values have standard
errors of about $1/tC0O2
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Increase in SCCO2 from a 1 SD increase in each input

Transient climate response

Pure time preference rate

Elasticity of utility

Feedback response time

Discontinuity random number

Non-econ impact function exponent

Sulfate indirect (log) effect for a doubling of sulphates
Calibration temperature

Non-econ impact at calibration temperature
Discontinuity time constant

India weights factor

Loss if discontinuity occurs

Economic impact function exponent

Land excess temperature ratio to ocean
CO2 atmospheric residence time constant

Stimulation of CO2 concentration

Source: 100000 PAGEQ9 runs,
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Towards optimal emissions
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Emission paths over time

Mtonnes 70000 1

60000 -

50000 -

40000 -

30000 -

20000 -

10000 -

A1B

Optimal

2016 r5 low

20

00 2020 2040 2060 2080 2100 2120

-10000 -

SEI

ClimateCost

2140 2160 2180 2200

Year

.2 CAMBRIDGE

% Judge Business School




Global mean temperature rise by date, optimal
emissions scenario
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The social cost of SCCO2, optimal emissions scenario

7 158

. SCCO2 in 2009

Mean 70.94
Std Dev 748.85
Values 10000
-10,000 0 10,000 20,000 30,000 40,000 50,000 60,000
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Thoughts for future modelling

« Specify link from GDP to emissions?
« More careful specification of climate sensitivity?

* Think about ‘optimal’ emission runs?
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