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We propose a new space satellite mission for active typhoon control using space solar power technology.  

In recent years, extreme-weather events have been occurring with greater frequency. This extreme weather, 

including concentrated heavy rain or large typhoons, is said to be due to global warming. Such weather causes 

extensive damage to people and property. The development of cumulonimbus clouds, which occurs in conjunction 

with temperature differences between the atmosphere and the ground, is responsible for occurrences of extreme 

weather. Hence, heating the cool middle-altitude air is effective in weakening the strength of the extreme weather, or 

in modifying its route.  

We propose an atmosphere heating system using Space Solar Power (SSP) technology to control the strength or 

route of large typhoons. The radio frequency used to irradiate the target (i.e., the upper air of cumulonimbus clouds 

in a typhoon) is chosen with a water vapor absorption band of 183 GHz. Simulation result was reported that a 

temperature increase of ~0.1 °C could change the route of the target. We derived an exposure time of only 1.6 days 

to increase the typhoon temperature 0.1 °C based on the assumption that the transmission power of the SSP was 1.5 

GW and the irradiation area was 100 km × 100 km. We also assume that a heat irradiation system is used to generate 

power in normal time. The purposes of our approach are summarized as follows: (i) a reduction in disaster damage, 

(ii) a decrease in human suffering for thousands of people, and (iii) power generation. Our proposal will entail an 

exploration of the innovative applications of SSP technology. 

 

 

I. INTRODUCTION 

 In February 2007, the United Nations 

Intergovernmental Panel on Climate Change released its 

fourth assessment report. The report concluded the 

following: “Results from embedded high-resolution 

models and global models, ranging in grid spacing from 

100 km to 9 km, project a likely increase of peak wind 

intensities and notably, where analyzed, increased near-

storm precipitation in future tropical cyclones.” It was 

found from other research that the strongest tropical 

cyclones are getting stronger, in particular over the 

North Atlantic and Indian oceans. Wind speeds for the 

strongest tropical storms increased from an average of 

230 km/h in 1981 to 251 km/h in 2006 (Nature 2008
1
).  

 It is well known that Hurricane Katrina was the 

most destructive Atlantic hurricane of 2005. At least 

1,836 people died in the actual hurricane and in the 

subsequent flooding, and the total cost of the property 

damage was estimated at $81 billion (USD). In Japan, 

the most financially devastating typhoon was Typhoon 

Bess in 1982, which was responsible for more than 591 

billion yen (≈5.9 billion €) in damage (Kitamoto 2012
2
). 

Fig. 1 displays the annual typhoon cost over the past 

several decades. Several large typhoons that cost more 

than 100 billion yen occurred within the past five to ten 

years. Strong typhoons also cause flooding in large 

areas of standing water. According to the press release 

of the Ministry of Land, Infrastructure, Transport and 

Tourism Japan (MLIT), the average cost due to flooding 

from 1999 to 2008 is 600 million yen per year, and the 

number of casualties per year is higher than 640 (MLIT 

2008
3
). 

 

Fig. 1: Annual typhoon cost in Japan. 
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 In the field of meteorology, many efforts have been 

focused on the observation and forecasting of typhoons. 

Technological advancements have contributed to 

improving the accuracy of predictions with regard to 

storm intensity and tracking. Typhoons are observed by 

weather satellites using visible and infrared images from 

space. As a storm approaches land, it can be observed 

by land-based Doppler radar. High-speed computers and 

sophisticated simulation software allow forecasters to 

produce computer models that predict the tracks of 

typhoons based on the future position and strength of 

high- and low-pressure systems. Scientists have 

increased the accuracy of tracking forecasts over recent 

decades by combining forecast models with an 

increased understanding of the forces that act on 

typhoons, as well as with a wealth of data from Earth-

orbiting satellites and other sensors.  

Up to now, the only way to protect people from the 

damage caused by a typhoon has been to evacuate them. 

However, evacuation is not feasible for many people in 

the endangered area. In the hours before the arrival of 

Hurricane Katrina, more than 20,000 people were 

crowded into the Reliant Astrodome in Houston, and the 

living conditions quickly deteriorated. In addition, there 

is no way to protect vulnerable houses and facilities.  

As of yet, few researchers have considered the idea 

of developing a method to control typhoons. In the 21
st
 

century, an innovative approach should be realized that 

can be used to weaken the intensity of typhoons and/or 

change their track in order to avoid a huge impact on 

big cities. Recently, Space Solar Power (SSP) 

technology has been studied. SSP focuses on the power 

transmitting from space onto the Earth’s surface. In the 

next 20 years or so, SSP will be realized as an actual 

application, but will it be sufficient for the future 

environment of the Earth? In this paper, a new 

application of SSP, namely “active typhoon control,” 

will be explained along with the results of feasibility 

studies. This technology could also be used for other 

applications, such as disaster management, 

environmental protection, agriculture, etc. 

 

II. MECHANISM OF TYPHOON FORMATION  

The lifecycle of thunderstorms has been well studied 

and can be described as follows. Clouds form as 

relatively warmer air carrying moisture rises within 

cooler air. As the moist air rises, it cools, causing some 

of the water vapor in the rising packet of air to condense. 

When the moisture condenses, it releases energy known 

as latent heat of fusion, which allows the rising packet 

of air to cool less than the surrounding air, continuing 

the cloud's ascension. If enough instability is present in 

the atmosphere, this process will continue long enough 

for cumulonimbus clouds to form. Generally, 

thunderstorm formation requires three conditions:  

1. Moisture  

2. An unstable air mass  

3. A lifting force (heat)  

What primarily distinguishes typhoons from other 

meteorological phenomena is deep convection as a 

driving force. However, its energy source is also the 

release of the heat of condensation from condensing 

water vapor, and the mechanism of increasing the 

clouds is similar to that of thunderstorms, as mentioned 

above. If the environmental conditions of the ocean and 

atmosphere continue to be favorable, the typhoon may 

continue to intensify as it moves poleward. The cloud 

system becomes more circular in shape and develops a 

distinct eye. This is the severe typhoon stage when the 

typhoon is the most dangerous.  

In meteorology, the terms “convective instability” or 

“stability of an air mass” refer to the ability of an air 

mass to resist vertical motion. In an unstable 

atmosphere, vertical air movements tend to become 

larger, resulting in turbulent air flow and convective 

activity. Instability can lead to significant turbulence, 

extensive vertical clouds, and severe weather, including 

thunderstorms (U.S. Dot 2008
4
).  

The adiabatic lapse rate is the rate at which a rising 

or falling air mass decreases or increases per unit of 

vertical displacement. The ambient lapse rate is the 

temperature change in the (non-displaced) air per 

vertical distance. Instability results from the difference 

between the adiabatic lapse rate of an air mass and the 

ambient lapse rate in the atmosphere.  

If the adiabatic lapse rate is lower than the ambient 

lapse rate, an air mass displaced upward cools less 

rapidly than the air in which it is moving. Hence, such 

an air mass becomes warmer relative to the atmosphere. 

Because warmer air is less dense, such an air mass 

would tend to continue to rise.  

Conversely, if the adiabatic lapse rate is higher than 

the ambient lapse rate, an air mass displaced upward 

cools more rapidly than the air in which it is moving. 

Hence, such an air mass becomes cooler relative to the 

atmosphere. Because cooler air is denser, the rise of 

such an air mass would tend to be impeded.  

Theoretically, by heating up cool middle-altitude air, 

the adiabatic lapse rate will be higher than the ambient 

lapse late, and then the condition could be more stable. 

This is the main idea behind atmosphere stabilization 

for active typhoon control, as depicted in Fig. 2. 

 

III. RECENT RESEARCH ON 

 CLIMATE/WEATHER CONTROL 

The study of weather control can be defined as a part 

of “Geo-engineering,” and innovative research in this 

area is being advanced by public institutions and 

universities.  
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Fig. 2: Conceptual image of atmosphere stabilization. 

 

In particular, "local rainmaking," which is 

accomplished by the spraying of seeding substances 

such as silver iodide, has been put into practical use in 

the United States, China, etc. It is used as a measure to 

combat water shortage and drought, or as a means to 

cope with a national “event”.  

In a study on hurricane control using simulations of 

Hurricane Iniki and Hurricane Andrew, results showed 

that by effecting a relatively small temperature change 

early in the hurricane outbreak, it was possible to 

change the course of the storm and to decrease its 

intensity (see Fig. 3). 

 

Fig. 3: Simulation of Hurricane Andrew  

(R.N. Hoffman 2004
5
)  

(left: unaltered, right: artificially perturbed). 

 

According to these simulation results, typical 

temperature adjustments across the grid were mere 

tenths of a degree, but the most notable change—an 

increase of nearly 2 °C—occurred in the lowest model 

layer west of the storm center. Results showed that the 

relatively small, artificial alterations to the initial 

conditions of the storm had propagated through the 

complex set of nonlinear equations that simulated the 

storm.  

Solaren Inc. acquired the patent of a satellite system 

composed mainly of optical satellites to irradiate the 

center of a typhoon with space solar power energy (J.E. 

Rogers 2006
6
). This system was based on the idea that a 

hurricane could be weakened by reducing the 

temperature perturbation of its center by irradiating with 

direct energy from SSP.  

 

IV. SCOPE OF OUR PROPOSAL 

The purpose of our mission is to reduce the damage 

caused by large-scale typhoons by weakening their 

power and/or modifying their route. Space Solar Power 

System (SSPS) technology will surely be applicable in 

the near future for active typhoon control via 

atmospheric heating.  

We narrow down our target to especially large 

typhoons. The reasons are as follows: (i) typhoons are a 

precious water resource, (ii) the control of all typhoons 

could disturb the balance of the Earth’s climates, and 

(iii) the ethics of active weather control is a 

controversial issue.  

Irradiation for 1.6 days over a 100 km
2
 area can heat 

a typhoon by 0.1 °C. Heat irradiation for only a 100 km
2
 

area could be effective for typhoon control with the 

assumption that the irradiation is done during the early 

development of the typhoon. This estimate shows that 

active typhoon control is feasible using SSPS 

technology. In addition, heat irradiation from space has 

the advantage of instantaneousness and global 

operability as compared to a ground-based typhoon 

control system.  

In addition to normal time, a heat irradiation system 

can be used to generate electric power, and we will be 

able to develop a business based on power generation. 

Even though a satellite system is very large-scale and 

expensive, it will be an attractive business due to its 

dual-use operation. Details are shown in chapters 5 and 

6. 

 

V. SYSTEM OF SYSTEMS FOR 

 TYPHOON CONTROL 

In this chapter, we introduce typhoon control 

systems. Fig. 4 illustrates the concept of an active 

control system. 

 

 
 

Fig. 4: Concept of an active typhoon control system. 

 

Our proposed system consists of the following two 
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To irradiate energy to the typhoon with highly accurate 

pointing, forecast accuracy regarding the storm’s 

position and route must also be developed. Details and 

development items for each system are shown below.  

 

V.I  Heat Irradiation System 

The functions of this system consist of (i) generating 

power with solar energy, (ii) converting electric power 

to a radio frequency applied to typhoon control, and (iii) 

heat irradiation to the typhoon from space. SSP 

technology can be adopted for heat irradiation. There 

are three general key technologies that should be 

developed: transmission, beam pointing, and frequency 

switching. The viability of these technologies is 

described in section 6.1.  

To heat atmosphere effectively, we choose a 

frequency of 183 GHz, which is in the absorption band 

of water vapor, the main component of a typhoon. The 

spectrum of the atmosphere is shown in Fig. 5. 

 

Fig. 5: Spectrum of the atmosphere. 

 

In addition, high-accuracy pointing technology is 

needed to irradiate energy to the typhoon. We assume 

that (i) the Rev method and (ii) the Amplitude 

monopulse method, which have been studied as part of 

the SSPS mission, are applicable. A schematic view of 

these methods is shown in Fig. 6. In the Rev method, we 

set the transmitter on the transmission panel (on the left 

of Fig. 6) and calibrate the phase by using the signal 

from the pilot transmitter (on the right of Fig. 6). In the 

amplitude monopulse method, the pilot transmitter and 

receiver are set on the rectenna and the transmission 

panel, respectively, and we detect the arrival direction 

from the pilot signal.  

With these energy transmission and beam-pointing 

systems, we estimate the needed irradiation time for 

typhoon control. As mentioned in chapter 3, a 

temperature increase of ~0.1 °C could be effective to 

modify the route of a typhoon. We operate under the 

 
 

Fig. 6: Schematic view of beam-pointing technology. 

 

assumptions that (i) we use 1 SSPS with a transmission 

power of 1.5 GW, (ii) the target is only water vapor, and 

the absorption rate of the power is 100%, (iii) the 

density of the water vapor is 5 g/m
3
 (Takayama 2004

7
), 

and (iv) the irradiation area is 100 km × 100 km. The 

calculated irradiation time is about 1.6 days, which is 

feasible to control the typhoon. We recognize that more 

consideration is needed to determine the irradiation area.  

One point of our mission is its dual use, that is to say, 

we use a heat irradiation system to generate power in 

normal time. The JAXA SSPS development team 

assumes that a frequency of 6 GHz is used to transmit 

power to the Earth. Then we have to develop the 

frequency switching technology with 183 and 6 GHz. 

We assume some approaches as follows:  

(i) Multi array method  

Many array devices are used depending on each 

frequency.  

(ii) Expansion array method  

Length of arrays is expanded to establish the 

transmission frequency.  

(iii) Switching dielectric method  

Dielectrics on the array device are switched to establish 

the transmission frequency.  

We will study the details of these methods. A 

schematic view of the methods is shown in Fig. 7. 

 
 

Fig. 7: Schematic view of the frequency switching 

methods 

 

An operation image of the heat irradiation system is 

shown in Fig. 8. 
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Fig. 8: Operation image of the heat irradiation system. 

 

V.II Earth Meteorological Forecast System 

The Earth Meteorological Forecast System (EMFS) 

consists of the Earth Observation System Family, the 

Ground Observation System Family, and the 

Meteorological Forecast System.  

The Global Earth Observation System of Systems 

(GEOSS) is the data integration and information fusion 

system through which data and information acquired by 

the Earth observation satellites can be accessed from the 

Internet in Japan. Figs. 9 and 10 illustrate the concepts 

of the Earth Environmental Observation Satellites and 

the GEOSS, respectively. The GEOSS integrates across 

nine social sectors: disaster, health, energy, climate, 

agriculture, ecosystem, biodiversity, water, and 

meteorological phenomenon. The EMFS is assumed to 

be applied next or next-of-next generation of the 

GEOSS. Accuracy improvement of the EMFS is needed 

to improve data accuracy acquired by the Global 

Change Observation Mission (GCOM), which the 

JAXA is promoting. Therefore, the accuracy of the 

simulation before the EMFS operation will be able to be 

improved using data acquired by the GCOM.  

The meteorological forecast is implemented by the 

simulation, which is calculated based on the data 

acquired via the Earth observation satellites and the 

numerical weather model using the supercomputer. 

Both (i) accuracy improvement of the numerical 

weather model, which is less than 10 cm with calculated 

accuracy at 500 hPa altitude and less than 10 km with 

calculated accuracy of the typhoon’s trace, and (ii) 

upgrade of the supercomputer, which is more than 10
21

 

floating-point operations per second (FLOPS), are 

needed in order to simulate the meteorological 

phenomenon with high-speed and accurate processing 

and real-time processing, including movement of the 

typhoon. Improved accuracy of the EMFS is needed for 

regular total system assimilation to correct for the bias 

error of both observed data and simulated predicted data. 

 
 

Fig. 9: Earth environmental observation satellite.  

 

 

 

Fig. 10: Concept of the Global Earth Observation 

System of System (GEOSS). 

 

VI. VIABILITY STUDY 

The viability of our proposed system from the 

standpoints of technology and economics is examined in 

this chapter.  

 

VI.I Technological Viability 

To evaluate the technological viability, we identified 

the key technologies of our proposed system and their 

Technology Readiness Level (TRL). Then we set a 

R&D plan to raise the TRL of each key technology on 

the basis of its present TRL (see Tables 1 and 2).  

Table 3 shows the technology roadmap, in which our 

proposed system can be established in a quarter of a 

century. 

 

 

Global Earth Observation 
System of Systems
(GEOSS) 9 sectors of social Benefit

Earth Observation Integrated system
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TRL Definition 

9 
Actual model “flight proven” through successful 

mission operations (space) 

8 
Actual model “flight qualified” through test and 

demonstration (ground or space) 

7 Flight Model demonstration (space) 

6 Prototype Model demonstration (ground or space) 

5 
Engineering Model validation 

(in relevant environment) 

4 
Breadboard Model validation 

(in laboratory environment) 

3 
Analytical and experimental critical function and/or 

characteristic proof-of-concept 

2 Technology concept and/or application formulated 

1 Basic principles observed and reported 

 

 

 Table 2: Key technologies and R&D steps. 

 
Table 3: Technology roadmap. 

 

VI.I Economic Viability 

To evaluate the economic viability, we figured out a 

profitable business model and performed the cash flow 

analysis of this business by using simplified cost-benefit 

models.  

It is not profitable if our proposed system works 

only when a developing storm such as a typhoon occurs. 

The total system with a huge Space Solar Power 

Satellite (SSPS) costs a lot even though raging storms 

do not develop so frequently.  

Then we propose a profitable dual-use business 

model. The first use is that the electric power generated 

by SSPS is normally transmitted to the ground and is 

sold to the electric power companies. The second use is 

that the electric power generated by SSPS is used to 

decrease the typhoon’s intensity or to change its path by 

using the heat irradiation system. Weather Forecasting 

System and Total System Assimilation technology are 

also necessary to forecast the typhoon’s path and 

estimate the effect of the heat irradiation system on the 

typhoon’s behavior.  

The cash flow of the single-use business (power sale 

only) and that of the dual-use business are calculated by 

simplified models of cost, revenue, and reduction of 

economic loss due to the typhoon (see Fig. 11).  

In the electric power sale business, it is assumed that 

electric power of 1.0 GW, which is generated and 

transmitted by SSPS, is able to be sold off to the electric 

power company for 8.5 yen per kWh. Moreover, we 

assume that a typhoon causing 200 billion yen in 

damage occurs three times and a typhoon causing 500 
billion yen in damage occurs once during a ten-year 

period. These figures are based on the history of 

economic loss in Japan due to typhoons.  

 

Cost model of SSPS 

Development cost : 1 trillion yen (≈100 billion €) 

Development period :  25 years 

Operation cost  :  30 billion yen per year 
 

Cost model of the other systems 

Development cost :  100 billion yen (≈1.0 billion €) 

Development period :  25 years 

Operation cost  :  5 billion yen per year 

 

Revenue model of power sale business 

Sales Revenue  :  74.5 billion yen per year
 

 
 

Reduction of economic loss due to typhoon 

Reduction of loss  :  70 billion yen per year
 

 

 

Table 1: TRL defined in JAXA. 

Key technology 

TRL 

in 

2012 

Steps to 

raise 

TRL*4 

Earth Meteorological Forecast System 

├ Earth Observation Satellite 9 N/A 

├ Earth Observation Ground System 9 N/A 

├ Numerical weather model*1,*2 2 I 

├ Supercomputer*3 2 I 

└ Total System Assimilation 1 I,II 

Heat Irradiation System 

 └ Thermal Transmission System   

 ├ Energy transmission 1 I – III 

 ├ Beam pointing 3 II, III 

 └ Frequency switching 1 I - III 
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Fig. 11: Cash flow analysis. 

 

According to our simple analysis, accumulated cash 

flow from power sales only (single-use) will reach 0.78 

trillion yen for 1.0 trillion yen investment 40 years after 

the start of operation. When factoring in the reduction 

effect of economic loss caused by large-scale typhoons 

(dual-use), the accumulated cash flow reaches 3.28 

trillion yen for 1.1 trillion yen investment.  

Therefore, our dual-use proposal is extremely 

attractive from an economic perspective. 

 

VI.III Future Works 

(1) Environmental issue  

Our proposed system applies heat artificially from 

outside the Earth to a large-scale typhoon to weaken its 

power and/or modify its route. However, nobody knows 

yet how heat irradiation affects the global environment. 

Therefore, it is necessary to improve the accuracy of the 

Earth meteorological forecast and establish a method of 

evaluating environmental impact to resolve this issue.  

(2) Ethical issue  

Even if it is proven that the heat irradiation system 

does not affect the global environment, artificial 

typhoon control may affect neighboring countries. 

Therefore, we need to establish an international rule so 

that only a large-scale typhoon can be a target for the 

proposed method. 

 

VII. CONCLUSION 

We propose a system in which space solar power 

technology is used to reduce the damage caused by 

large-scale typhoons, which are a serious social issue in 

Japan and other countries. This system can be applied 

not only in Japan but also regions in the Atlantic Ocean 

and the Indian Ocean. 

When a large-scale typhoon develops, the electric 

power generated by SSPS is transmitted via a 

microwave of 183 GHz by pointing to the target 

typhoon. We can reduce the damage of a typhoon by 

several hundred billion yen because the intensity of the 

storm is weakened and/or its route is modified as a 

result of raising its water vapor’s temperature by 0.1 °C.  

This system will be realized within a quarter century 

by improving the accuracy of meteorological forecasts 

and by developing some key technologies, such as 

energy transmission, beam pointing, and frequency 

switching for the heat irradiation system. In addition, 

our proposed dual-use business model is quite attractive 

from the standpoint of a return on investment (ROI) 

compared with the single-use of power sale using SSPS. 
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