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Abstract. Global warming is one of the main problems of human civilization and
decarbonization policy is its main solution until now. In this work, we propose an
alternative method of using the gravity-assist by the asteroids to increase the orbital
distance of the Earth from the Sun. We can manipulate the orbit of asteroids in
the asteroid belt by solar sailing and propulsion engines to guide them towards the
Mars orbit and a gravitational scattering can put asteroids in a favorable direction to
provide an energy loss scattering from the Earth. The result would be increasing the
orbital distance of the earth and consequently cooling down the Earth’s temperature.
We calculate the increase in the orbital distance of the earth for each scattering and
investigate the feasibility of performing this project.
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1 Introduction
The monitoring of the Earth’s climate shows a significant change in temperature and climate
pattern due to the emission of greenhouse gases by humans [1]. The two gases of carbon
dioxide and methane as a result of fuel burning are the main components of the greenhouse
gases causing the climate change. In recent years, the temperature rise is accelerated as a
result of feedback from the melting of ices and decreasing of the light reflection from sun and
increasing of the water vapor in the atmosphere [2]. Figure (1) shows the trend of tempera-
ture increase in terms of the year which compares the measured temperature of earth with
the simulations [3]. In recent years, the increase in extreme events of weather also shows
a direct correlation with the increase of the temperature of the atmosphere and oceans [4].
The present policy to prevent the global temperature is mainly based on decreasing fossil
fuel consumption and investment in green sources of energy. The policy of decarbonization
is based on the rapid development of renewable energies [5]. The Paris agreement as an in-
ternational implementation plans that the mean global temperature doesn’t rise beyond 2◦

C above pre-industrial levels. In this work, we propose an alternative method for decreasing
the global temperature by changing the orbital distance of Earth from the Sun. This oper-
ation can be done by the gravity-assist mechanism with the flyby motion of the asteroids
close to the earth where the energy loss of asteroids can increase the orbital distance of the
Earth from the Sun and results in a decrease in the Earth temperature. While this plan
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Figure 1: Change in global surface temperature (annual average) as observed and simulated
using human & natural and only natural factors (both 1850-2020), adapted from [3]

may look like an out-of-practical idea, we will show the feasibility of this project at least for
future technology.

In Section (2), we introduce the gravity-assist and provide the physical mechanism to
use the asteroids to change the mechanical energy of the Earth. In Section (3) we discuss
the dependence of mechanical energy of the Earth to the global temperature and calculate
the temperature change on earth for an asteroid scattering with a given mass. In Section
(4), we provide a practical plan for the asteroid scattering from the earth. The Discussion
is given in (5).

2 Gravity-assist and energy loss process
The gravity-assist is suggested by Yuri Kondratyuk in 1938 for accelerating a spacecraft
traveling between the planets of the solar system using the gravity of planets as the slingshot
[6]. In gravity assist the relative speed of the spacecraft before and after the gravitational
scattering with respect to a planet is the same, however since the planet is moving with
respect to the sun, the spacecraft can accelerate or decelerate with respect to the solar
frame. The gravity assist maneuver was first used in 1959 by the Soviet probe Luna 3
for monitoring the Moon. The other interplanetary probes such as the Pioneer program,
Mariner 10, Voyager program, Galileo, Ulysses, and many other programs used gravity-assist
to reach the other planets at the edge of the solar system. The gravity assist not only can
change the kinetic energy of the spacecraft also can change the energy of photons or the
frequency of light during the gravitational scattering so-called gravitational lensing [7]. Here,
we want to use the gravity-assist mechanism for the scattering of asteroids from the Earth.
Instead of energy-gain by the asteroid, we manage the energy loss of asteroid where in this
case the energy of asteroid transfers to the mechanical energy of Earth, orbiting around the
Sun. This idea also discussed in [8,9].The result of this scattering would be increasing the
orbital distance from the sun and consequently cooling down the temperature of the planet.

In the following, we investigate the scattering process of an asteroid from Earth. Let us
take ma as the mass of an asteroid and Me as the mass of the earth. vi and vf are the initial
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Figure 2: Schematic figure for the scattering where in this case ∆Ee > 0 and earth can gain
energy from this scattering. ve (with black arrow) is the velocity of earth. vi and vf (in
blue arrows) are the relative velocity of asteroid with respect to the earth before and after
the scattering. The red arrow is the difference of vf −vi and the grey axis are the symmetric
coordinate system with respect to vi and vf .

and final velocity vectors of the asteroid (as a result of scattering) with the respect to the
Earth and v′

i and v′
f are the corresponding velocities with respect to the Sun. Assuming

that the mass of the asteroid is much smaller than earth (i.e. ma ≪ Me), the speed of the
asteroid before and after the scattering with respect to the Earth is equal (i.e. |vi| = |vf |).
However, the velocity of asteroid with respect to the sun before the scattering is v′

i = vi+ve

and after the scattering is v′
f = vf + ve. Here ve is the velocity of the earth with respect

to the sun. We note that the incoming and outgoing speed of asteroid with respect to the
solar coordinate are not equal.

The energy difference of asteroid after the scattering compare to that before the scattering
in the frame of sun is given by ∆Ea = mave · (vf − vi). According to the conservation of
energy, the energy gain of earth would be ∆Ee = −ve · (pf − pi) where pf = mavf and
pi = mavi are the momentum of asteroid with respect to the Earth frame where |pi| = |pf |.
Also, the momentum of Earth would change by the amount of ∆Pe = −(pf −pi). In order
to calculate the energy and momentum change of earth, we project the velocities on x and
y axis in Figure (2) as follows

ve = ve(̂i sinϕ+ ĵ cosϕ),

vi = vi(−î sin θ + ĵ cos θ),

vf = vi(−î sin θ − ĵ cos θ),

where the y axis of this coordinate system is designed to be symmetric with respect to the
incoming and outgoing velocities of the asteroid with respect to the earth. The θ angle is
the direction of incoming velocity with the y-axis and the ϕ angle is earth’s velocity with
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the y-axis. Substituting the velocities in the energy and momentum gain of earth results in

∆Ee = 2mavive cos θ cosϕ, (1)
∆pe = 2mavi cos θ ĵ. (2)

Using the total mechanical energy of earth around the sun Ee = −GM⊙Me/2Re, then the
relative energy change of Earth orbiting around the sun would be

∆Ee

|Ee|
= 4(

ma

Me
)(
vi
ve

) cos θ cosϕ. (3)

3 Temperature change of earth as a result of mechanical
energy change

The change in the total energy of earth results in the change in the orbital distance as
∆E/|E| = ∆R/R. Since the power of light received by the earth depends to distance as
S ∝ 1/R2, we can conclude that ∆S/S0 = −2∆Ee/|Ee|. Then, from equation (3), the
relative change in the power of sun received by the earth would be

∆S

S0
= −0.5× 10−9(

ma

1015 kg
)(

vi
11 km/s

) cos θ cosϕ. (4)

The change in the flux of light received by the earth can change the average global temper-
ature. While this is a complicated process, however, we can have a rough estimation on the
temperature decrease.

The spectrum of the sun’s light that is absorbed by the earth is reemitted in the longer
wavelengths as the blackbody radiation. The total rate of energy that is absorbed by the
earth is Ėin = S0πr

2
e(1 − Ae) where S0 is the energy flux of the sun at the position of the

earth, πr2e is the effective area of earth and Ae is the Albedo of earth. On the other hand,
earth radiates as a blackbody in the longer wavelength with the rate of Ėout = 4πr2eσT

4
e .

For the equilibrium condition of energy between the inward and outward energy flux, the
effective temperature of the earth would be

Te =

(
S0(1−Ae)

4σ

)1/4

, (5)

where for the earth albedo of A ≃ 0.3 [10], the effective temperature of earth would be
Te = 252K. This temperature is smaller than the average ground temperature of the earth.
Using the greenhouse effect where the atmosphere can absorb part of energy radiating from
the surface of earth, the temperature of the ground modified to

Tg =

(
S0(1−Ae)

2σ(2− ϵ)

)1/4

, (6)

where ϵ is the effective emissivity of ground. We adapt ϵ ≃ 0.9. Then the temperature
on ground of earth enhances to Tg ∼ 300K. Substituting equation (4) in the derivative of
equation (6) results in the temperature change on the ground of earth due to orbital change
of earth as

∆Tg = −0.35× 10−7 K(
Tg

300 K
)(

ma

1015 kg
)(

vi
11 km/s

) cos θ cosϕ. (7)
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We note that the deflection angle of the asteroid scattering by the earth (i.e. θ) depends
on the impact parameter (as the minimum distance of asteroid from the earth) as well as
the initial velocity of the asteroid. For an asteroid with positive energy of E with respect
to the earth, the shape of orbit in polar coordinate is a hyperbola with the equation of
α/r = 1 + ϵ cos γ. Here, ϵ is the eccentricity and depends on the physical parameters of
asteroid as [11]

ϵ = (1 +
2EL2

µκ2
)1/2, (8)

where L is the angular momentum of the asteroid with respect to the earth, κ = GMema

and µ is the reduced mass of the asteroid and since µ ≪ Me then µ ≃ ma. The scattering
angle is determined from ϵ (for r → ∞) as cos γ = −1/ϵ where γ depends in θ in Figure (2)
by γ = π − θ, then cos θ = 1/ϵ.
Using L = mavib where b is the impact factor, the eccentricity can be written as

ϵ = (1 +m2
av

2
i b

2/κ2)1/2.

We replace cos θ = 1/ϵ in equation (7) in terms of the eccentricity parameter and in terms of
the escape velocity from the earth and the impact parameter, where equation (7) simplifies
to

∆Tg = −0.35×10−7 K(
Te

300 K
)(

ma

1015 kg
)(

vi
11 km/s

)

(
1 + (

vi
11 km/s

)2(
b

6400 km
)2
)−1/2

cosϕ.

(9)
Here, we normalized the initial velocity of the asteroid to the escape velocity from the earth
and the impact parameter to the radius of the earth.

The distribution of the asteroids in terms of their size in the main belt of asteroids within
the range of 2.82 a.u. < a < 2.96 a.u. is a power law function as N(D) ∼ Dq where q is
−2.5 for the range of 100 km < D < 1000 km and a shallower slope for D < 100 km, the
exponent is q ∼ −1.8 down to D ∼ 10 km [12]. Let us assume an average density of ρ̄ = 2
gr/cm3 for the asteroids [13]. As a result, we have more low mass asteroids compare to the
large ones. Using the mass of asteroid in terms of the size

ma(R) = (
L

10 km
)3 × 1015 kg, (10)

then we rewrite equation (9) as

∆Tg = −0.35×10−7 K(
Te

300 K
)(

L

10 km
)3(

vi
11 km/s

)

(
1 + (

vi
11km/s

)2(
b

6400 km
)2
)−1/2

cosϕ.

(11)
In the rest of this paper, we will discuss how to manage the asteroids to have a gravitational
scattered from the earth.

4 Asteroid scattering from the Earth
Most of the asteroids in the plane of solar system are moving in the same direction as the
planets move. Our aim is to lower the orbit of the asteroids and encounter them gravita-
tionally with the earth. However, we note that in order to have an energy gain to the earth,
asteroids should have a head-on gravitational scattering with the earth.

A large number of asteroids close to earth are located in the asteroid belt and in order to
have gravitational interaction of asteroids with the earth, we manage to reduce their orbital
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distance with respect to the sun. The least costing method might be using solar sailing.
Also, we can consider a hybrid braking system using solar sailing and install propulsion
engines on the asteroids. For solar sailing, the momentum transfer from the photons of the
sun to the asteroid plays the role of braking along with the orbital velocity and the result
would be a spiral motion of asteroids towards the lower orbits.

Let us denote r as the distance of the sun to the asteroid and φ as the polar coordinate.
The general solution for an object with the solar pressure results in the solution of r =
r0 exp(βφ) where r0 is the initial orbital distance and β is a constant where depending on
the sign of it, the orbital distance changes as shown in Figure (3).

Figure 3: Schematic path of an asteroid with the equation of motion provided by r =
r0 exp(βφ) with β < 0.

The dynamics of an asteroid with a solar sail (in the polar coordinate) is given by the
following equations

r̈ − rφ̇2 = − k

r2
+
D

(0)
r

mr2
cosψ, (12)

rφ̈+ 2ṙφ̇ =
D

(0)
r

mr2
sinψ, (13)

where (r, φ) are the polar coordinates, k = GM⊙ and −k/r2 is the gravitational acceleration
due to Sun and D

(0)
r /(mr2) is the extra drag term as the result of the pressure of solar

radiation on the sail installed on the asteroid, ψ angle is the angle between the r vector
and a normal vector to the sail (e.g. ψ = π/2 means the sail is aligned perpendicular
to the r direction). Assuming P0 as the radiation pressure at the position of the earth,
then D

(0)
r = P0r

2
0A cosψ where r0 is the earth-sun distance and A is the area of the sail.

D
(0)
r /(mr2)× cosψ is the extra acceleration in the radial direction and D

(0)
r /(mr2)× sinψ

is the acceleration along the tangent direction. For 0 < ψ < π/2 the solar pressure is
accelerating and and results increasing the angular momentum of asteroid and causes the
increase of the orbital distance and for −π/2 < ψ < 0 the effect would be decreasing the
angular momentum of the asteroid and hence decreasing the orbital distance to the sun.

Substituting the suggested solution of r = r0 exp(βφ) in the equations (12) and (13), we



Gravity Assist and Global Warming 197

will have a modified Kepler law as r3φ̇2 = B(ψ) where

B(ψ) =
k

1 + β2
− D

(0)
r (cosψ − β sinψ)

m(1 + β2)
. (14)

Also, the dynamics of asteroid as a function of time obtain as

r(t) =

(
r
3/2
0 +

3β

2

√
B(ψ) t

)2/3

, (15)

where depending on the sign of β, the orbit of asteroid increase or decrease. We substitute
r = r0 exp(βφ) in the dynamical equations (12 and 13) and use the equation (14) to obtain
β in terms of the gravitational force and radiation pressure as

β =
P0r

2
0A sin 2ψ

km− P0r20A cos2 ψ
≃ P0r

2
0A

km
sin 2ψ. (16)

For −π/2 < ψ < 0 the braking effect results in a spiral motion of the asteroid towards
the lower orbit and ψ = −π/4 provides the maximum braking. Figure (3) represents the
schematic trajectory of the asteroid towards the lower orbit. We note that our result for the
spiral dynamics of the object under solar pressure is different than that is reported in [14].

The time scale for changing the orbital distance of asteroid can be obtained from tc = r/ṙ
where substituting the dynamics of spiral motion of asteroid we obtain

tc = 74yr
( ma

1010kg

)( va
10km/s

)( A

100km2

)−1

, (17)

where ma is the mass of the asteroid, va is the orbital velocity of the asteroid and A is the
area of solar sail installed on the asteroid. In this calculation, we set the solar pressure at the
position of sun, P0 = S0/c ≃ 4.5 µpa. Installing the jet propulsion engines on the asteroids
can boost brakes and provides a shorter time scale for changing the orbit of the asteroid.
If we lower the orbit of the asteroids to the position of Mars, then a controlled scattering
of the asteroid from Mars can guide it toward the earth through an elliptical path. We
note that the asteroid and Mars are moving in the same direction and the asteroid can have
an energy gain scattering from Mars to an elliptical Hohmann orbit. Now, the direction of
interception of earth and asteroid is not parallel the asteroid can have a proper configuration
of scattering as Fig (2). The consecutive scattering of astroids from the earth can enhance
the mechanical energy of the earth, or in other words the orbital distance of the earth from
the sun.

5 Discussion
Concluding this work, we have introduced the hazards of global warming and besides decar-
bonization policy, we proposed a mechanical method to change the orbit of the earth by an
energy-loss scattering of asteroids from the earth. We proposed the solar-sail as the braking
tool to decrease the orbit of the asteroids from the asteroid belt orbit to the Mars orbit.
The time scale to lower the orbit is about 70 yrs for a 1010 kg mass asteroid. Using the
installed propulsion jet engines on the asteroids will decrease this time scale and enable us
to do the asteroid maneuvering for a larger number of asteroids. This project can enable us
to change the earth’s orbit and cool down its temperature by decreasing the energy flux of
the sun received by the earth. This project could be feasible for future technology on earth.
Also, habitable planets with intelligent life might use it to save their planets while global
warming or when their parent star started to inflate to a giant star.
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