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Rapid global warming increases interest in Solar Geoengineering

Modification, SRM)

- - - o= Solar Climate
Solar Geoengineering (Solar Radiation K ~ ‘ Intervention Methods
4) Space-based methods

« A type of technology that reflecting more

sunlight back to the space so that offsetting | \/\ R pkminrc bdiedel 2 S
. . . - st amount of high
radiative forcing due to greenhouse gas s attude cirrus

clouds (CCT)

(GHGs) emissions. - et
« Rapid cooling at relative lower cost.

2) Increasing the reflectivity

However, deploying SRM may introduce
1 n - - 1/4 1 SuLface albedto of marine clouds (MCB) —
a new risk “termination shock” |8 enhancemen .

................ P e EEEEEEE =~ - eeceeRe——
Boundary Layer Top

- S -iir

— - = - i S B
4 Altering reflection of shortwave radiation - Altering transmission of longwave radiation

T = e =<8

Figure 1. Technology of Solar Geoengineering
Source: National Oceanic and Atmospheric Administration

4 07/09/2026




Termination shock risks of Solar Geoengineering |g
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Continuous Failure or

deploying SRM stopping of SRM

“Shock”
ermination
GHGs still
v accumulate '
Benefits from Suddenly
cooling effect warming
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Reason of Termination shock

What may cause shock? (Parker, A., & Irvine, P. J., 2018)

(1) Forced Termination of SRM (Exogenous)
» Catastrophe (such as a natural disaster, an economic

« Destruction of SRM Deployment Infrastructure collapse, or a war), or Destruction of Economic or
(such as terrorist attack) Political Capacity to maintain SRM deployment

Do the Can the
Threat to Is a backu L
SRM deli system P Termination A catastrophe deployer Can any other Termination
elivery defences > system shock! threatens the |— maintain » actors deploy shock!
system hold? deployed? SRM system CRAM? SRM in time? '

(2) Elective Termination of SRM/ Political choice (Endogenous)

SRM Wi” they Do they have
Terminati
opponents , accepF | ,| thepowerto | & _>Termination
: compromises/ stop SRM shock!
gain power
aramp down? globally?
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Questions and Methods

CEEP-BIT
Research Questions Methods
Climate
. Impacts
The impacts ‘ \
Of ShOCk riSk Climatel change Damages
Y
Natural Science System
* thinking Climate Economy
Tormaraton I System L -1nvest= 7 System
4—1 shock d I Mltlgatlon (II[(IS
1/\/\/\/ Integrate | i eglissions |
Assessment | _ e |
v
Social Science Model (IAM) New Radiation | GHGs -
. climate Balance Accumulation | Potential
Optlma| Strategy risks T | (lamzlilges
before and i E);t)el;nral e.\Io(lif'_v Invest : |
after ShOCk : radiation 1 S :
[ ———— I S —— -
U\ =t pE7o00]ing effects
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Termination
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Overview: Integrated Assessment Model (IAM)
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Cost & benefit IAM

SRM Policy
(Heutel et.al, 2018)
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Model the stochastic termination shock ClE}?_m

Total Radiative Forcing of GHGs

« The cooling effects of SRM. » Fe = TFt(ﬁ?t) (14 ge)—— _
(following heutel, et.al 2018) Radias’ci)hr/ml ?grl\ltcr)cl):l rate
Binary Variable
_ _ Before shock I; = 1
« Introduce the uncertainty of cooling effects. » After shock I, = 0
Fy = TF,(Mf) - (1 <1} g¢)
* Model the shock dynamics by Markov Process. » Markov Process
ll_Pt Pt pe=1—e™
0 11 The shock probability p, € (0,1),

with an exponential form
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Model Details (dynamics)
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Economic Dynamics Climate Dynamics
. Carbon accumulation
—pt —-Tp 5y _ p E(tucKe) 1 _
rsrlluellg E { jo e P U(c(t)dt + +e VT+1} Rit=&— Ve Caree R o ats) Ri¢
. _ C — E(t,ﬂt,Kt)
Kt = St * Q(t, U, Gt» Kt, Tatl t Tatt) - 6th Capltal accy Cco2c -
| g J Net Radiation forcing caused by GHG emission EITEr
=Y(t K)(1-A, — @] — D! — DF —D§|) GDP I Variable
F, = [ lo (w)+F v F ] 141 g)
E.=(1—pu.)* (o * Y, +Etland) Cabon emission £ = |17 1092\ " ya GHG t" e
At — Hta % tutgz Abatement cost FGHGt — 1/)1(1 _ l’lt)EGHGt _ lpZFGHGt
) Average warming of atmosphere temperature
D{ = B,(Tf*)2  , Climate damages (long-term) . 1 [F( IR F ) - ]
t _rat at:+ = — t, g, I, R; ¢, . v. — Tat:
D =P, <Tt st ) Climate damages (short-term) VET kg Jo v o FeHG) " X Lt
w*S _ _ N .
= (67 + w9) * g;2 SRM damage and cost Tat, = - (X;Tat;; — Tat,) Moving average Tat
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Model Details (impacts)
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Economic Dynamics Climate Dynamics
T Carbon accumulation
—pt -Tp sy _ y E@ueKy) 1 _
gnﬂag E {JO € U(C(t))dt e VT+1} R]'t - ff cozc ‘L’j\V(t,Cacc,t;Rj,t;Tati,t) Rj't
; — c. = EGucky
K, = s; * Q(t, Ui, Gt K;, Tatl-’t, Tatt) — 6th Capital acct co2c
Net Radiation forcing caused by GHG emission
Q. =Y(t K)(1—-A, —®/ —-D/ —Df —DJ) GDP "9 y
t t L = Fy=|n-1 (Mt (Rf't)>+F +FE|- (1 =1~ go)
Er = (1 —u)* (0 Y, +E{?"®)  Cabon emission e = 092\ Ty GHGy © 7t t* Y
At — 9? % 'utez Abatement cost FGHGt — lpl(l - :ut)EGHGt - lpZFGHGt
Average warming of atmosphere temperature
DL =B, (T#*)2 , Climate damages (long-term) - J 1 [F(g . Rp : )p . ]
at’_rat at:» = — t,g: I, R;+, - v. — Tat:
Df =0, <Tt Ise Climate damages (short-term) VET kg Jolo o TeHG ) " Xi Lt
W*S - _ S .
®7 = (67 + w9) * g, SRM damage and cost Tat, = 7 - (X;Tat;; — Taty) Wdsyinelavelas Rl

~ Function structure: Goes et al. (2011) and Lempert et al. (2000)

Parameter calibration: Parker and Irvine (2018) suggested a maximum acceptable warming rate of 0.2°C per decade (based on
WIRCP2.6 scenario.) Therefore, the cumulative acceptable warming rate over the past 5 (s = 5) years is 0.1°C, i.e., w-s=0.1.

In addition, we assume that f2=1%, implying that it causes 1% damage if approach the maximum acceptable warming rate
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Age-structured Formulation of stochastic model CERP-BIT

—
T
maxf e~Pt [Zl(f)U((L‘l(t)) + H(t)]dt
sug Jg
s.t.
Stage 1
7 () =-nz 7z (0)=1 (1)
K ()= SlQ(t‘P‘pgp Kl)Tati,l’ml) — 0Ky (2)
' _ oy E(tp Ky 1 .
Rj'l(t) =¢; co2c (fIRF}°O+AM«[C”C(1—ZjRj’l}rATinTatLl) Rja 3
TjP exp =
. E(tu,Ky) )
Cocey () = EEE22) &)
Fong, () = Y1 (1 — ) Egue — ¥2Fene, (3)
. 1
Tat;;(t) = p [F (Rj,1: FGHGl)(l —g1)Xi— Tatm] (6)
mﬂt) =X (Zi Tat;, _ml) (@)
Stage 2
7,(t,s) =0 ®
Ky (t,s) = SzQ(t; Ha, ngKz:Tafi,zrmz) — OpK> (9)
- _ E(t,13,K7) _ 1 )
Rj'Z(t’ §) = Ej co2c (EIRF,10°+AM‘[CELCC2’ZjRj2]+AT'ZiT”ri2) Rz (19)
r}-(y‘)exp ~ - -
. E(t,pip,K3)
Cace, (t,5) = =422 (1)
Fong, (. 8) = P1(1 = 1) Egug — YoFone, (12)
. 17 .
Tatiy(t,s) = - [11(R;2 Fanc,) - Ji = Tatiz] (13)
Tat,(t,s) = 7~ (X Tat,, — Tat,) (14)
H®) = [, 2,(6,)U((c,(L,5)) ds (15)

Setting up Hamilton
# =z, [U((1 - 5)Q(t. 1y, 91, Ky, Tatyy, TaE,)/L) + H]

-, *nz;
+Ag * [51Q(t, 1, g1, K1, Tatyy, Taty) — 6Ky

r E(tuyKy) 1
+Y Ap x| & - R;
ZI Rj I"J cozc ijne(l'IRF}ﬂo+AM[C,1551—2}-Rj_1]+ATEiTGEi‘1)[w’1 J*l]
" E(t, i1, K,)
s
Cacc co2c

Frgpe * [4’1(1 = 1)Egue — ‘PzFGHcl]

+ XA+ [Kil [F(Rj,l'FGHG1_)(1 =81 Xi— T“ﬂu]]

x-(ZTarm —Tatl)
i

+Am &

=17+ 0
+n + [52Q(t0 o) Go, Koy Taty o, Taty) — 8 Kz]

E(t.u2.K3) 1
+3. x| E — R;
Zjt,j Ifj coze o o HRFEOO+aM[Cacey =3 ;R [+AT 5 Tat; 5 )1ut - 2
iV

E(t,us, K,)
co2e

Mrgye * [‘Pl(l — U2 Egue — 1a"’zFGHG;g]

Hecace *

+ il * Li [F(Rj.ZlFGHGz)(l —0+g))-xi— T“ti,;z]]

X (Z Tat;, — T(rtz)
i

+{ = [Zz u ((l — 52)Q(t, 1z, g2, Kz, Tafz,pmz)/"a)]

Hl7ar *
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Define SCC and SCF

CEEP-BIT
ac v 1 1 Zj()LRj'fj)+ACacc
— _ — _ = . reE.,, = (1 —u)aY
SCCECOZ dEco> O0E;o> * Ak co2c Ak where coz ( M)
dc av 1 AFGHG .
= — = — — = — — —GHG where F t) = 1—u)E —Y,F
SCCeoye dEche dEgnc * Ax Y1 (1 —uy) Ak GHGl( ) =P ( U1 Egue — V2 GHG1
i
SCFu. = _9C __v 1 _ _ % (Arar; ) where NF = (1 - g)F(R;1, Fong,)
NE-™  anrF~  ONF Ag Ak
- _ 40 _dQ du _ Y AFeug . Y1EGHG
MACg, ,(marginal abatement cost) = AEacy — ap dEeey — o¥TEig I
dQ _ dQ dg _ 9Dg Y

MSCyr(marginal SRM cost) = ——=

dANF ~ dg dNF ~ gy TF(R;1,Fgre,)
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First Order Condition CEEP-BIT

oH ( __ du(cq)

6_51 =0 AK =2z dc,

a_j{ — 0 =9 — du(CZ)

652 o KnK o ZZ dc,

oOH . r_ Erand 1 Acacc _AFGHGu)lEGHG A

a_lil =0 = < (O- T Y; >(Z] AR’j EJ co2c + COZC) - Y; T AK ops {MACECOZ = SCCECOZ (Stage 1)

0H E 1 NFcpcW1EGHG oA MAC =S8CC

= =0 . land ] . Ncacc — 'YGHG Eco2 Eco2 Sta e 2

ouz . (0 + Y, ) (21 NR,j StJ co2c + cch) Y, + Mk ous ( 9 )

M _og s oD, MSCyr = SCFyg (Stage 1)

gﬂ — ZiAT,iK_iF(Rj,lrFGHcl) = _AKa_mY1 g> =0 (Stage 2)

0.0\ 92 =0

. . ° ° 1 . .

Relationship of abatement policy and SRM policy (Stage 1) 4+ = %6 TF(R; Fatic)SCF +62—1

2(0c+0) (@Y +E1gna)-SCCEogy +EGHG-SCCEg g

oF oF
TF(Rj»FGHG)dg = 3E.., (oY + Egng)du + OEcme Ecucdu
the radiative forcing offset the radiative forcing reduction by reducing CO, and
by one unit of SRM non-CO, GHGs through emission cuts.
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Scenario Setting

Casel: myopic DM

Decision makers are not
aware of the risk, but can
optimize decisions after the
shock happens

Case2: smart DM

Decision makers are aware
of risks and can optimize
decisions before and after
the shock happens

6
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Results
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Myoplc Case

Abatement Only —F—
Abatement +SRM (Expected path) —
Range of Uncertainty

Abatement +SRM (Solution before shock) ——

Abatement +SRM (Solution after shock) - - - -50% percentile
— 75% percentile
............. 90% percentile
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Baseline Scenario

GtCO2 per year

Casel: myopic DM

CEEP-BIT
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Baseline Scenario

Radatlon Control Rate

oBefore shock: Deploy SRM
“After shock: Abandon SRM
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Saving Rate

‘After shock: reduce
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Smart Case

Myopic case (before shock)
Abatement +SRM (Expected path)
Range of Uncertainty

Abatement +SRM (Percentile-shock path) - - - -50% percentile

————- 75% percentile
............. 90% percentile

Abatement Only —8—
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GtCO2 per year
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Sensitivity Analysis |g
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Sensitivity Analysis Hazard rate ;g;%;zrz 3:;:;:?;
0: baseline 2% constant DICE para 1%
Shock _1: higher hazard 3% constant DICE para 1%
Probability -2: increasing hazard 2%-3.5% DICE para 1%
3: decreasing hazard 2%-0.5% DICE para 1%
4a: low-low (baseline) 2% constant DICE para 1%
Shock 4b: high-low (baseline) 2% constant 3*baseline 1%
Damage 4c: low-high (baseline) 2% constant DICE para 2%
4d: high-high (baseline) 2% constant 3*baseline 2%
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Limited GDP recourse for
abatement after shock

o _ Myopic Smart /g
Sensitivity Analysis
Before shock After shock Before shock After shoclf

. L - : : More abatement
Higher tipping probability No impacts No impacts Less SRM Less abatemént
Higher Long-term damage L2 Ll ore abatement MO Lzl More abatement

9 J J More SRM }A More SRM \
Higher short-term dam&ge/ Little impacts }lfore abatemepk/ E/Iec;rse aR'T\\;tlement More a&atement
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Moral hazard / Higher damage %

Reduce damage of Reduce shock
post-shock period warming and damage

Reduce damage of
post-shock period
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o _ Myopic Smart
Sensitivity Analysis
Before shock After shock Before shock After shock
Higher tipping probability No impacts No impacts Eﬂec;rse;l;o\y?\;[lement Less abatement

28

Reduce shock
warming and damage

Limited GDP resource (more
abatement before shock)
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Sensitivity Analysis

Myopic

Before shock

After shock

Higher Long-term damage

Less abatement
More SRM

}/Iore abatement

Higher short-term dam?ge/

Little impacts

}lfore abatement

/

Moral hazard

/

Reduce damage of
post-shock period

6

CEEP-BIT

07/09/2026



Summary

30

Sensitivity Analysis

Higher Long-term damage

Higher short-term damage

Higher overall
damage
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Smart

Before shock

After shock

More abatement
More SRM

More abatement

\

More abatement
Less SRM

More a&atement

/

Reduce shock
warming and damage

/Y
Reduce damage of

post-shock period
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Conclusion: Policy Implication |g

CEEP-BIT

Myopic is dangerous

It will increase 6-10 GtCO2 (the expected solution), and lead a big rapid warming within five years if
the shock happens. (0.6 °C in 2050, 1.2 °C in 2100). After shock, The GDP could not recover to the

abatement only level.
Decision maker should be “Smart”

Increase 2-3 GtCO2 emission only. Taking the shock risk into account at an early stage can effectively
reduce climate-economic uncertainty. After shock, The GDP could recover to the abatement only level.

Both “"Myopic” and “Smart” DM should consider different impacts of short-term and long-term damage
on SRM deployment (at an early stage).

Both high short-term damage (and high shock probability) will lead to a more cautious SRM
deployment and more abatement efforts.

However, high long-term damage will lead to a more aggressive SRM deployment no matter whether
the DM take the termination shock risk into account.
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Conclusion: Optimal responds to termination shock risk |g

CEEP-BIT

Before shock
Myopic DM: increase carbon emissions significantly (compared to abatement only), because SRM is
much cheaper.
Smart DM: increase carbon emissions slightly (compared to abatement only). But much less carbon
emission and SRM compared to myopic one.

After shock

For both myopic and smart DM:
Give up SRM. And Reduce carbon emissions significantly.
Carbon emissions will be lower than the level of abatement only scenario.

The optimal savings rate falls abruptly to smoothing consumption and then rises to a level close to
the abatement only scenario.
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Conclusion: Climate- Economy Impacts of termination shock |g
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Warming

If the termination shock occurs by 2050, global warming will rise rapidly about 0.4 °C -0.6 °C within
five years, depending on whether policymakers take the risk into account.

If it occurs at 2100, the range rises to 0.6 °C -1.2 °C..
Carbon Emission
Myopic DM: The expected carbon emission is higher that of abatement-only, increase 6-10 GtCO2.
Smart DM: the emissions increase 2-3 GtCO2 only.
GDP (Economic Output)
Myopic DM: Compared to abatement only, economic output increases slightly before tipping,
But a sudden damage when shock happens.
Then GDP rises gradually after tipping, leading GDP is lower than that of abatement only.
Smart DM: Reduces sudden economic damage and shrinks the output gap after shock.
GDP could recover to the abatement only level after shock
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Sensitivity Analysis |g

CEEP-BIT

Sensitivity Analysis Hazard rate v ;g;%;zrz 32;:;:':2
0: baseline 2% constant DICE para 1%
Shock -1: higher hazard 3% constant DICE para 1%
Probability -2: increasing hazard 2%-3.5% DICE para 1%
pe=1-e" 3: decreasing hazard 2%-0.5% DICE para 1%
4a: low-low (baseline) 2% constant DICE para 1%
Shock 4b: high-low (baseline) 2% constant 3*baseline 1%
Damage 4c: low-high (baseline) 2% constant DICE para 2%
Dy = By (T{)* 2 4d: high-high (baseline) 2% constant 3*baseline 2%

W*S

Tat _Tat
S _ t st
Dt — ﬁZ (
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Limited GDP recourse for
abatement after shock

o _ Myopic Smart /g
Sensitivity Analysis
Before shock After shock Before shock After shoclf

. L - : : More abatement
Higher tipping probability No impacts No impacts Less SRM Less abatemént
Higher Long-term damage L2 Ll ore abatement MO Lzl More abatement

9 J J More SRM }A More SRM \
Higher short-term dam&ge/ Little impacts }lfore abatemepk/ E/Iec;rse aR'T\\;tlement More a&atement

/ / / | \
Moral hazard / Higher damage %

Reduce damage of Reduce shock
post-shock period warming and damage

Reduce damage of
post-shock period
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o _ Myopic Smart
Sensitivity Analysis
Before shock After shock Before shock After shock
Higher tipping probability No impacts No impacts Eﬂec;rse;l;o\y?\;[lement Less abatement
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warming and damage
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abatement before shock)
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Shock Damage Casel: myopic DM
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warming and damage
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Tat _ Tat

s _ t S,t
ot -1 (L)
w= 0.02 # 0.2 per 10 years from RCP2.6
w= 0.05 # 0.5 per 10 years from RCP8.5

s=5 # last 5 years

T # the average warming of last 5 years
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      T a t .  i , t =  1   𝜅 i  [ F  ( t ,  g t ,  I t ,  R  j , t ,    F  G H G t ) ∙  𝜒 i −   T a t  i , t ]


        T a t - . t =  𝜒 - ∙  (   ∑ i    T a t  i , t −     T a t - t )


   𝛬 t =  𝜃 t a ∗    𝜇 t   𝜃 2


   D t  L   =  𝛽 1    (  T t  a t   ) 2


   D t  S   =  𝛽 2    (    T t  a t   −    T  s , t  a t -  𝜔 ∗ s ) 2    


    t g =  (  𝜃 1 g +  ω g ) ∗    g t 2


   F t =  [ 𝜂 ∙   l o g 2    (    M t  a t (  R  j , t )   M ∗  a t ) ⁡  +    F  G H G t +  F t  e x ] ∙  ( 1 −  I t ∙  g t )


    E t =  ( 1 −  𝜇 t )   ∗  (  𝜎 t ∗ Y t +  E t  l a n d )


   Q t = Y  ( t ,  K t )  ( 1 −  Λ t −   t g −  D t g −  D t  L   −  D t  S   )


   max  s , 𝜇 , g   𝔼  {   ∫ 0 T   e  − 𝜌 t U  ( c  ( t ) ) d t + +  e  − T 𝜌  V  T + 1 }


     K t . =  s t ∗ Q  ( t ,  𝜇 t ,  g t ,  K t ,   T a t  i , t ,       T a t - t ) −  𝛿 k  K t


     R .  j , t =  𝜉 j   E  ( t ,  𝜇 t ,  K t )  c o 2 c −  1   𝜏 j   ( t ,  C  a c c , t ,  R  j , t ,   T a t  i , t )  R  j , t


       C  a c c . t =   E  ( t ,  𝜇 t ,  K t )  c o 2 c


       F  G H G . t =  𝜓 1  ( 1 −  𝜇 t )    E  G H G t −  𝜓 2    F  G H G t


      T a t .  i , t =  1   𝜅 i  [ F  ( t ,  g t ,  I t ,  R  j , t ,    F  G H G t ) ∙  𝜒 i −   T a t  i , t ]


        T a t - . t =  𝜒 - ∙  (   ∑ i    T a t  i , t −     T a t - t )


   𝛬 t =  𝜃 t a ∗    𝜇 t   𝜃 2


   D t  L   =  𝛽 1    (  T t  a t   ) 2


   D t  S   =  𝛽 2    (    T t  a t   −    T  s , t  a t -  𝜔 ∗ s ) 2    


    t g =  (  𝜃 1 g +  ω g ) ∗    g t 2


   F t =  [ 𝜂 ∙   l o g 2    (    M t  a t (  R  j , t )   M ∗  a t ) ⁡  +    F  G H G t +  F t  e x ] ∙  ( 1 −  I t ∙  g t )


    S C C   E  c o 2 = −   d C  d  E  c o 2 = −   𝜕 V  𝜕  E  c o 2 ∗  1   𝜆 K


  −  1  c o 2 c ∙     ∑ j   (  𝜆   R j ∙  𝜉 j ) +  𝜆  C a c c   𝜆 K


  w h e r e    E  c o 2 =  ( 1 − 𝜇 ) 𝜎 Y


  w h e r e   N F =  ( 1 − g ) F  (  R  j , 1 ,    F  G H G 1 )


    S C F  N F = −   d C  d N F = −   𝜕 V  𝜕 N F ∗  1   𝜆 K = −     ∑ j   (  𝜆    T a t i ∙    𝜒 i   𝜅 i )   𝜆 K


    M A C   E  c o 2 ( m a r g i n a l   a b a t e m e n t   c o s t ) =   d Q  d  E  c o 2 =   d Q  d 𝜇     d 𝜇  d  E  c o 2 =  Y  𝜎 Y +  E  l a n d  Λ 𝜇 +    𝜆   F  G H G   𝜆 K ∙    𝜓 1  E  G H G  𝜎 Y +  E  l a n d


    M S C  N F ( m a r g i n a l   S R M   c o s t ) =   d Q  d N F =   d Q  d g     d g  d N F =   𝜕  D g  𝜕  g 1    Y 1  T F  (  R  j , 1 ,    F  G H G 1 )


    S C C   E  G H G = −   d C  d  E  G H G = −   𝜕 V  𝜕  E  G H G ∗  1   𝜆 K = −  𝜓 1  ( 1 −  𝜇 1 )    𝜆   F  G H G   𝜆 K


  w h e r e        F  G H G . 1  ( t ) =  𝜓 1  ( 1 −  𝜇 1 )  E  G H G −  𝜓 2    F  G H G 1


   {      𝜕 ℋ  𝜕  s 1 = 0     𝜕 ℋ  𝜕  s 2 = 0 ⟹  {     𝜆 K =  z 1   d u  (  c 1 )  d  c 1    𝜂 K =  z 2   d u  (  c 2 )  d  c 2


   {      𝜕 ℋ  𝜕  𝜇 1 = 0     𝜕 ℋ  𝜕  𝜇 2 = 0 ⟹  {    −  ( 𝜎 +    E  l a n d   Y 1 )  (   ∑ j   𝜆  R , j  𝜉 j  1  c o 2 c +    𝜆  C a c c  c o 2 c ) =    𝜆   F  G H G  𝜓 1  E  G H G   Y 1 +  𝜆 K   𝜕 Λ  𝜕  𝜇 1   −  ( 𝜎 +    E  l a n d   Y 2 )  (   ∑ j   𝜂  R , j  𝜉 j  1  c o 2 c +    𝜂  C a c c  c o 2 c ) =    𝜂   F  G H G  𝜓 1  E  G H G   Y 2 +  𝜂 K   𝜕 Λ  𝜕  𝜇 2    


   {      𝜕 ℋ  𝜕  g 1 = 0     𝜕 ℋ  𝜕  g 2 = 0 ⟹  {      ∑ i   𝜆  T , i    𝜒 i   𝜅 i F  (  R  j , 1 ,    F  G H G 1 ) = −  𝜆 K   𝜕  D g  𝜕  g 1  Y 1    g 2 = 0


   {         M A C   E  c o 2 =   S C C   E  c o 2     M A C   E  c o 2 =   S C C   E  c o 2  


   {      M S C  N F =   S C F  N F    g 2 = 0


   g ∗ =    𝜃 t 1  𝜃 2  2  (  ω c +  ω d )   T F  (  R j ,  F  G H G ) ∙ S C F   ( 𝜎 Y +  E  l a n d ) ∙   S C C   E  c o 2 +  E  G H G ∙   S C C   E  G H G    𝜇 ∗   𝜃 2 − 1


  T F  (  R j ,  F  G H G ) d g =   𝜕 F  𝜕  E  c o 2  ( 𝜎 Y +  E  l a n d ) d 𝜇 +   𝜕 F  𝜕  E  G H G  E  G H G d 𝜇
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   D t  L   =  𝛽 1    (  T t  a t   ) 2
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