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Abstract: In the atmosphere, after lightning, precipitation is formed and heavy rainfall occurs. This is a well-known process. 

This natural lighting phenomenon has been practically demonstrated in the laboratory cloud chamber, A laser beam has to be 

shot into the cloud region of the atmosphere to create high temperature. This high temperature will break the bonds of 

atmospheric N2 and O2 and produce N and O which will be in excited state (N*, O*). These excited N* and O* are very 

unstable. They immediately fall to the ground state through endothermic reactions. These endothermic reactions absorb heat 

from the cloud region. As a result, temperature of the cloud region falls, condensation takes place, form rain drops, act as 

natural seeds are created and it rains. Its use as rain drain by Laser system from ground for Green environment. “Laser photons 

photo-dissociate atmospheric compounds N2 and O2 and form ozone (O3) and nitrogen molecules (NO). Increase of O3 and NO 

concentration after lightning has also been experimentally observed. That this lightning phenomenon created through artificial 

lightning by laser system can produce rain in the atmosphere has been practically proved as “Laser-induced water condensation 

in air”. Scientists have succeeded in obtaining raindrops from an altitude of 45 to 75m of the atmosphere by terawatt mobile 

laser. IRRA Scientist Group propose laser system of specification: 10
12

watt, 800nm, 500mJ, 120fs and 10Hz for this research 

project. The results could be of immense benefit to human being. 
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1. Introduction 

Several attempts have been made by various scientist 

group to create artificial rain by laser. Number of radar 

observations has reported that intense precipitation is not 

even present in the clouds before the first discharge, but 

develops abruptly in the same region after discharge from 

which the lightning flashes originate. Carls and Brock [2] 

heated the atmosphere by a laser pulse up to 1600 to 2800K 

and observed water droplet formation. They predicted that 

high temperature causes ionization of N2 and O2 and, when 

this ionized air is subjected to more radiation, avalanche 

breakdown of air can occur. Braun has observed laser 

induced condensation and water drops formation by shooting 

self-channeling of high- peak power femtosecond laser 

pulses in the air. Yoshihara have shown that the pulsed UV-

laser irradiation of ambient air induces formation of water 

droplets or small ice particles in the laboratory. They also 

observed that [O] formed in this process quickly reacts with 

O2 molecules to form O3 Braun, [1]. We did an experiment in 

which high temperature was created in a closed chamber by 

high voltage electric spark. Water drops were seen on the 

walls of the chamber. A team, called terra-mobile-group 

(TMG), consisting of scientists from Switzerland, Germany 

and France, have been trying to create artificial rain by laser. 

This team has done simulation experiment in laboratory 

cloud chamber and has observed condensation and water 

drops formation. Rohwetter et al. [8, 9, 13] have shown that 

ionized filament, generated by ultra-short wave laser pulses 

induce water-cloud condensation in the sub-saturated 
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atmosphere in the altitude region between 45 and 75m. They 

also succeeded in producing tiny water particles in 

moderately humid air in the altitude region 45 to 75m of the 

atmosphere by terawatt mobile laser. But the droplets were 

about a hundred times too small to fall as raindrop; instead, 

they remained suspended in the air. The team feels that it is 

feasible to get larger droplets if the power of the laser is 

increased to petawatt (10
15

watts) or exawatt (10
18

watts). It 

appears from the above that laser has not yet succeeded in 

producing artificial rain. In this paper, a method is described 

to create artificial rain by laser. 

As per IRRA Scientist Group, in the atmosphere, these 

laboratory tiny water drops, come together, through 

acceleration and turbulences process by wind force to form 

big rain drops, which act as natural seeding to form another 

sets of rain drops, rain occurs. 

2. Theory and Methodology 

For creation of rain, according to well established 

meteorology theory (can be found in any text book of 

meteorology), steps are the following: 

First (i) creation of low temperature → then (ii) 

condensation→ then (iii) seed (CCN) formation→ then (iv) 

tiny water drop formation and rain 
The present methodology is to send laser pulse to the cloud 

region of the atmosphere to create high temperature. This 

high temperature will break the bonds of O2 and N2 as 

follows: 

N2: N ≡ N → N* + N                             (1) 

O2: O = O → O* + O                             (2) 

In this process, N and O in excited state (N*, O*) will be 

created. These excited N* and O* are very unstable and 

immediately come to the ground state through following 

reactions: 

N* + O2 → NO + O ∆H (43.2kcal/mol)        (3) 

O* + O2 + M → O3 + M ∆H (67.7kcal/mol)        (4) 

The occurrence of reactions 3 and 4 and formation of NO 

and O3 have confirmation from NASA laboratory 

experiments, Sander, [14]. Formation of O3 and NO, after 

laser shot, has been observed in laser experiment in 

atmosphere [12]. The reactions 3 and 4 are endothermic and 

therefore, they need heat energy (amount ∆H mentioned in 

brackets) which is absorbed from the cloud region. As a 

result, temperature of the cloud region falls (first step of rain 

formation is achieved and then other steps follow), 

condensation takes place, seeds (CCN) will be formed and 

tiny water drops will be created. These tiny water drops will 

act as natural seeds to result in rainfall. Ozone and nitric 

oxide, O3 and NO (formed in reactions 3 and 4) will undergo 

various reactions to form HNO3, NO3.(H2O)n, H.(H2O)n etc. 

compounds (where the value of n could be as large as 50) 

together that bind water molecules which may also act as 

seed to create water droplets and rainfall. In addition, ions 

N2
+
and O2

+
 and electrons formed by cosmic rays, can create 

complex hydrated heavy positive and negative ions e.g. 

HNO3
-
.(H2O)n (where the value of n could be as large as 50) 

which can also act as seed to create rain. In short, to create 

artificial rain by laser, endothermic reactions are to be 

generated in the cloud region. It has been shown earlier how 

much heat energy is absorbed by endothermic reactions from 

atmospheric clouds [3-6]. A laser pulse of energy 500mJ can 

dissociate a column of N2 and O2 containing (~0.5/2.25
-18

) ~ 

10
17

molecules which is much higher than the density in the 

atmosphere. 

Laser can be operated from the ground as well as from an 

aircraft. In former case, laser pulse has to propagate to a 

height of ~1km (cloud height) from the ground. There will be 

attenuation of energy in this propagation. Kasparian et al. [10] 

experimented with terawatt laser from the ground and 

observed tiny raindrops in an altitude of 45 to 75m of the 

atmosphere. To create large water droplets at higher altitudes, 

the group feels that laser power has to be peta-watt (10
15

watt) 

or hexa-watt (10
18

watt). If laser is operated from aircraft then 

attenuation of energy will be less. In that case, laser power 

can reach the cloud region without much attenuation. It can 

also cover a large area and can move to any place. 

Turbulence created by the aircraft in the atmosphere can also 

create small water drops which would collide with each other 

and form big rain drops T. Liu, [15]. 

3. Discussion 

When a laser pulse of sufficient energy is shot in the 

atmosphere, it dissociates N2 and O2 and excited species N* 

and O* are formed: 

N2 + hν → N* + N                              (5) 

O2 + hν → O* + O                             (6) 

These excited species are very unstable and quickly 

convert into NO and O3 by endothermic reactions and 

produce rain. Enhancement of these two species has been 

observed both in the laboratory as well as in the atmosphere 

after lightning. However, according to Kasparian group, a 

laser pulse shot in the atmosphere ionizes N2 and O2 [8, 9]: 

N2 + hν → N2
+
 + e

-
                         (7) 

O2 + hν→ O2
+
 + e

-
                         (8) 

They have observed lightning phenomenon in the 

laboratory cloud chamber as “Laser induced condensation 

and water drops formation in the laboratory cloud chamber 

by Femtosecond –Terawatt mobile laser system”. Kasparian 

[10] group says that it is the ionized species N2
+
 and O2

+
 

which produce rain. But these two species are of micro size 

which cannot act as seeding agent. Also N2
+
 and O2

+
 radicals 

are not observed by Kasparian group in laser filamentation 

experiment but production of O3 and NO has been observed 

by them in laser filamentation experiment. Experiment of 
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Kasparian group finds condensation and water drop 

formation and they say in their ionization theory that N2
+
 and 

O2
+
 act as seeding agent. They also say “Mechanism of laser–

induced condensation involves photo dissociation, in which 

photons break down atmospheric compounds in the 

atmosphere. This process produces Ozone and Nitrogen 

oxides, which lead to the formation of Nitric acid particles 

that bind water molecules together to create water droplets.” 

But there is no seeding and condensation and water drop 

formation is not due to seeding. Small water drops formed by 

laser in the laboratory cloud chamber are due only to 

endothermic reactions (cooling) and this is obvious. In the 

atmosphere, due to acceleration and turbulence, these small 

size water drops coalesce and form big rain drops. These rain 

drops act as natural seeding process to form another sets of 

rain drops; this chain process continues with heavy rain fall. 

Flossmann, M.[7], It has been shown in Appendix that the 

energy required for dissociation is almost half of that 

required for ionization. That means energy is first used up for 

dissociation, then the remaining energy (which may not be 

sufficient for ionization of N2 and O2) is delivered for 

ionization of N2 and O2. Hence dissociation takes place and 

not ionization. Kasparian group does not talk about 

dissociation. It is not only near IR laser system, Yoshihara, et 

al. [16], have discussed in their paper possibility of creating 

artificial rain by using UV laser. 

Our methodology is to send laser pulse to cloud region to 

break bonds of O2 and N2 (by reactions 1 and 2), create 

endothermic reactions and condensation (by reactions 3 and 4) 

and produce rain in the similar way as in lightning. There is 

attenuation of energy in operating laser from ground. 

Kasparian group suggests increase of laser power to pet-watt 

(10
15

watt) or Hex-watt (10
18

watt) to create large water 

droplet Mejean G, [11]. We will operate from an aircraft in 

the same way as spraying chemicals from aircraft. A laser 

pulse of energy 500mJ is capable of dissociating a column of 

N2 and O2 containing (~0.5/2.25
-18

) ~ 10
17

molecules which is 

much higher than the density in the atmosphere. 

4. Additional Uses 

This method can be used for rain harvesting. When huge 

clouds are present above a lake or dam, a laser beam can be 

shot into the cloud region; then with blast of clouds heavy 

rainfall will occur to fill the lake or dam for future use of 

water. This method can also be used to reduce pollution of 

the atmosphere by spraying artificial rain on the polluted city. 

Another use of this method is to stop excess rainfall. Low 

intensity laser pulse shot into the cloud region will evaporate 

the clouds from the excess rainfall area. This method can also 

be used to drive away the rain cloud from the region where 

rain is not needed. 

5. Operational Flow Diagram 

 

Figure 1. Flow Chart for Rainmaking Technology. 
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6. Conclusion 

Laser can create artificial rain by endothermic reactions in 

the cloud region of the atmosphere. It may have the following 

specification: 10
12

watt, 800nm, 500mJ, 120fs and 10Hz for 

operation from aircraft. If it is operated from ground, power 

has to be increased at least 100 times. It can be used to (i) fill 

lake or dam for storing rain water for future use (rain 

harvesting), (ii) reduce pollution by spraying artificial rain on 

the polluted city, and (iii) stop rain in the region where it is not 

needed or where rainfall is in abundance. This method is 

economical (one time investment), eco-friendly and can be 

used at any place and at any time. 
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