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Initial Idea: Lighting up the dark side of the Earth

No lichen A lot of lichen




Plan #1 Launch visible-light lasers to the geostationary orbit
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Temperature increase due to increased radiation
Stefan—Boltzmann law

Original:
SXTmR*X (1 —ref) = 0 X4nR* X T*
T = 252K (—21°C)

Under Plan#1:
SXMTR*X 14X (1 —ref) = o0X4nwR?> X T*

AT = (V1.4 —1)T = 0.09T = 22.68 K/°C



Plan #2 Launch space mirrors to reflect the sunlight

A set of space mirrors
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The central point is the North pole
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Temperature increase due to increased radiation

Under Plan#2:
SXTR?XbX(1—ref) = o X4nR?> X T*
AT = (Vb —1)T
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Atmosphere layers
Lighting up tropical
forests at night via
lamp networks above
the forest canopy

1. Quantification of carbon sequestration
2. Impacts on local climate and eco- S

environment
3. Technical and economic feasibility




Methodology

Numerical experiments by fully coupled Community Earth System Model version 2 (CESM2) developed
by the U.S. National Center for Atmospheric Research (NCAR).

Supported by NCAR Cheyenne high-performance computing platform and NCAR Graduate Student
Small-Allocation Computing Award.
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Methodology

Atmosphere layers

S i

“ga—0 | Direct
Y ] o] visible | Visible | NIR | NIR [“3FEER N
et 0 [200wmy © 0 EriKhaae

L -
‘\ A o
\. = o
) Nd ~ »
Q 3 p
<3 - :
by

Nominal horizontal resolution: 1°

_ . - African tropical forests
Tropical forests are defined by “Broadleaf Evergreen\{ree Area

(Surface layer)

N

Percentage” > 60% <



Methodology
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24-hour Experiment
“Tropical forest responses under various lighting powers”



24-hour Amazon Tropical Forest Responses Control
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24-hour Amazon Tropical Forest Responses
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24-hour Amazon Tropical Forest Responses 200W/m?2
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24-hour Amazon Tropical Forest Responses 300W/m?2
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24-hour Amazon Tropical Forest Responses 400W/m?2
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Results

1. 200W/m? is the optimal lighting power in terms of increasing additional photosynthesis
2. Local temperature increase was overestimated by CESM?2 (See Discussion)
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16-year Experiment
“Tropical forest responses under 200W/m2 from 2015-2030"
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11
20-year Experiment Termination
“Tropical forest responses after the termination of lighting
experiment from 2031-2050"
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Where did the
net-absorbed
carbon go?

(16-year Lighting Experiment) (20-year Experiment Termination)

(a) 2014 (b) 2030 (¢) 2050
Vegetation carbon pool
=" N
7NN
| ! [
’.Ag """ ; m‘. /, I “
\§ A l

\
/’Coarse woody \

\
\ debris + Litter
A |l (CL) carbon pool +27
36 @ 63
= | —_—t
_— ~ \ — \
I AN |
] ~ YR /
/ 8% ‘} J
:s’éﬂ_c%l'al‘(lﬁ pool > T m
d e : :
(d) Total Vegetation Carbon ©) Total CL Carbon (f) Total Soil Organic Matter
70 - Carbon
350
Experiment
| 60 125} .
300 %Xper,ime,nt | |
ermination 50 120} | [
250 .0 el E
|
Control *

200 30 110 : : '
2001 2015 2031 2050 2001 2015 2031 2050 2001 2015 2031 2050

(Unit: PgC)



Discussion 1: Ecosystem-level field experiments are needed

Physiological responses of tropical trees to longer photoperiods at the ecosystem level remain among
the biggest uncertainties in model simulations. Tree growth might be limited by nutrient and water
supply.

Ecosystem-level field experiments are needed to understand how tropical forest ecosystems respond to
longer photoperiods.



Discussion 2: CESM2 overestimated local air temperature
increases due to the omission of chemical energy stored

during photosynthesis

The canopy energy conservation used to calculate

temperature:

_}.
~S.+ L, (Ty) + Hy (Ty) + AE, (T,) =0

[ S, is the solar radiation absorbed by the
vegetation, L, is the net longwave radiation
absorbed by vegetation, and H, and AE, are the
sensible and latent heat fluxes from vegetation,
respectively. L, H, and AE, depend on the
vegetation temperature T, |
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In CESM2 and other modern Earth system models (Sellers, 1992), the chemical energy that is stored during

photosynthesis and released by respiration is ignored as the net chemical energy usually amounts to less than 1 % of
absorbed insolation (around 0.6 % in Trenberth et al., 2009).



Temperature simulation results should be treated carefully
when Earth system models are used to do experiments
related to solar radiation modifications.

(16-year Lighting Experiment)
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Discussion 3: Post-action CO, outgassing from tropical forests

~J
o

=
o

Net Carbon Uptake
(PgC/yr)

Lighting
experiment
| Lighting
stopped “Stimulant Effect”

¥ A: Vegetative primary productivity
i B: Heterotrophic respiration

A-B=C: Net ecosystem productivity



Similar phenomena in overshoot scenario simulations and
Free Air Carbon Dioxide Enrichment (FACE) experiments
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It suggests that CO, removal methods focused on enhancing ecosystem carbon sequestration by
altering environmental factors in the short term could induce this post-action CO, outgassing.



Discussion 4: Where does the energy come from?

Technically: more low-carbon energy-generation plants (building large-scale solar and wind farms in the Sahara)

“If one could generate enough clean power for the forests, why not just use that energy directly to offset
fossil fuel activities.”

Direct Air Carbon Capture (DAC N

Economically: both DACC and this strategy are
energetically and financially costly and are
unrealistic at present; even if the clean-energy-
generation capacity increases, we cannot expect
the global clean energy supply to only be invested
in absorbing CO,

1. Society has urgency to intervene in Earth's
climate by wartime-like crash deployment of
carbon removal technologies.

2. An energy revolution is realized and we achieve
a significant surplus of clean energy.



Discussion 5: The impact on local wildlife and biodiversity

Given the potentially inverse relationship between more light at night and ecosystem health,
policy makers may consider extending the photoperiod to an appropriate level to increase
carbon sequestration while protecting local biodiversity from disastrous impacts. The trade-off
between nighttime carbon sequestration and biodiversity preservation should be rigorously
evaluated and weighed in the decision-making process.

Alternative options:

1. Giving nighttime artificial lighting to plantations which are free from biodiversity issues.
2. Greening the urban areas which already have strong artificial light pollution at night.



Conclusions

1. Implications for Earth system models users:
Temperature simulation results should be treated carefully when Earth system models are
used to do experiments related to solar radiation modifications.

2. Implications for nature-based climate solutions:
Enhancing terrestrial ecosystem carbon sequestration by altering environmental factors might
be an inefficient approach for climate change mitigation and could induce post-action CO,
outgassing.

3. Implications for geoengineering measures (e.g. stratospheric aerosol injection)
Current geoengineering studies mainly focus on the evaluation of climate goals that a
potential solution might or might not accomplish; however, the changes in Earth's climate
after terminating a geoengineering measure tend to be overlooked. This study suggests the
importance of post-geoengineering analysis in geoengineering studies.
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Control simulation (2001-2030) SSP585 VS SSP126
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Control simulation (2001-2030) SSP585 VS SSP126
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Control simulation (2001-2030) SSP585 VS SSP126
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Discussion 3: Post-action CO, outgassing from tropical forests
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Discussion 3: “Stimulant Effect”

System

B: Heterotrophic respiration
. A-B=C: Net ecosystem productivity (system function)

Fungtion . Stimulants | Stimulants vAg
: | in effect 3 lose effect <1©l>
' Normal | £y
| condition | |
| | Summer/daytime Winter/nighttime
| | |
i | |
| | | B
I | ~ 1
1 =« 1
- c
A B | |
I | *
| B ]
. l A: Vegetative primary productivity



	Slide 1
	Slide 2: Initial Idea: Lighting up the dark side of the Earth
	Slide 3: Plan #1 Launch visible-light lasers to the geostationary orbit
	Slide 4
	Slide 5
	Slide 6
	Slide 7: Lighting up tropical forests at night via lamp networks above the forest canopy
	Slide 8: Methodology
	Slide 9: Methodology
	Slide 10: Methodology
	Slide 11: I 24-hour Experiment “Tropical forest responses under various lighting powers” 
	Slide 12: 24-hour Amazon Tropical Forest Responses Control
	Slide 13: 24-hour Amazon Tropical Forest Responses 100W/m2
	Slide 14: 24-hour Amazon Tropical Forest Responses 200W/m2
	Slide 15: 24-hour Amazon Tropical Forest Responses 300W/m2
	Slide 16: 24-hour Amazon Tropical Forest Responses 400W/m2
	Slide 17: Results
	Slide 18: II 16-year Experiment “Tropical forest responses under 200W/m2 from 2015-2030” 
	Slide 19:  
	Slide 20: III 20-year Experiment Termination “Tropical forest responses after the termination of lighting experiment from 2031-2050” 
	Slide 21:  
	Slide 22
	Slide 23: Discussion 1: Ecosystem-level field experiments are needed 
	Slide 24: Discussion 2: CESM2 overestimated local air temperature increases due to the omission of chemical energy stored during photosynthesis
	Slide 25: Temperature simulation results should be treated carefully when Earth system models are used to do experiments related to solar radiation modifications.
	Slide 26: Discussion 3: Post-action CO2 outgassing from tropical forests
	Slide 27: Similar phenomena in overshoot scenario simulations and  Free Air Carbon Dioxide Enrichment (FACE) experiments 
	Slide 28: Discussion 4: Where does the energy come from?
	Slide 29: Discussion 5: The impact on local wildlife and biodiversity
	Slide 30: Conclusions
	Slide 31
	Slide 32: University of Maryland Department of Geographical Sciences Seminar 
	Slide 33: Supplements
	Slide 34
	Slide 35
	Slide 36
	Slide 37:  
	Slide 38:  
	Slide 39: Control simulation (2001-2030) SSP585 VS SSP126 
	Slide 40: Control simulation (2001-2030) SSP585 VS SSP126 
	Slide 41: Control simulation (2001-2030) SSP585 VS SSP126 
	Slide 42: Discussion 3: Post-action CO2 outgassing from tropical forests
	Slide 43: Discussion 3: “Stimulant Effect”

