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Then, the previous year’s research4) is continued, and an 
environmental performance of rooftop gardening that 
uses the hygrophyte is clarified by the field experiment in 
the present study. Water consumption and the temperature 
etc. of each part are measured, and it compares it by the 
grass with the hygrophyte in the whole year. Moreover, 
the examination districts with two circuit system are newly 
installed, and the water quality etc. when rainwater is used 
are examined by comparing two circuit systems.

2 field experiment
This experiment used division (2.0m×2.0m) of the 
hygrophyte (Carex thunbergii Steud.) and grass (Zoysia 
matrella) to compare the temperature and the water balance 
that had been set up in fiscal year 2009 at the experiment 
building rooftop in the Kawagoe campus of Toyo University. 
Fiscal year 2010, the temperature and the water balance, etc. 
were compared in division (5.70m×2.45m) to compare the 
water circuit systems in addition to these divisions. These 
divisions are the small circuit system that circulates water 
only in the examination district and the large circuit system 
that circulates water including the water storage tank.
Moreover, the photograph in the entire examination 
district is shown in Figure-1. The photograph in the water 
storage tank and the rainwater receiving tank are shown in 
Figure-2. The entire system diagram and the plan are shown 
in Figure-3. About the temperature and the water revenue 
and expenditure comparison examination district, the cross 
section of the hygrophyte division is shown in Figure-4 and 
the cross section of grass division is shown in Figure-5. The 
cross section of the examination districts with two circuit 
system is shown in Figure-6.

 Fig. 1 – the entire examination district
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1 Introduction
Recently, a lot of rooftop gardening has been introduced 
for the measures of heat island phenomenon that is one of 
the city environmental problems and the improvement of 
the spectacle. Authors have been researching concerning 
rooftop gardening over many years 1)-3). Especially, it works 
about rooftop gardening that makes the best use of the 
characteristic of the hygrophyte in recent years. The plant 
with abundant amount of evapotranspirations is preferable 
to control the temperature rise efficiently.
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Fig. 2 – Water Storage tank (left) and rainwater receiving tank (right) 

Table-1 Outline of measurement

Table-2 Condition of sprinkling water

Fig.3 – the entire system diagram (left) and the plan (right)
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Some differences of the temperature of the hygrophyte 
division are smaller than that of grass division in August 
(Figure-7). it is thought that the temperature lowered by the                                                                                                                             
use of water and insolation screening effect by high grass 
height in the hygrophyte district. the average temperature 
became from all 5 to 10oC in December, and the difference 
was not seen (Figure 8). the temperature had fallen for the 
influence by sprinkling water in case of the sealing seat in grass 
division. moreover, the temperature on the colony has little 
difference in the hygrophyte division and grass division.

Fig. 4 – Cross section of hygrophyte division

 
Fig. 5 – Cross section of grass division

Fig. 6 – Cross section of the examination districts with two circuit system

3. Result and analysis
3.1 Temperature controlling effect
the average temperature of each measurement part was 
calculated at the temperature and water balance comparison 
district, and the circulation comparison district. the result in 
August is shown and the result in Figure-7 and December is 
shown in Figure-8.  the day that the highest temperature was 
30oC or more and the amount of solar radiation of fine day was 
20mJ/m2 or more was targeted in August. the day that the 
amount of solar radiation of fine day was 10mJ/m2 or more was 
targeted in December.
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Fig. 7 – Average temperature of each measurement part at the temperature and 
water balance comparison district, and the circulation comparison district (August)

 
Fig. 8 – Average temperature of each measurement part at the temperature and water 
balance comparison district, and the circulation comparison district (December)

3.2 water balance
the amount of sprinkling water and water use rate in the 
hygrophyte division and grass division are shown in Figure-9. 
Data excludes the day of rain. it was not possible to record in 
February and march.
As for the amount of sprinkling water, the hygrophyte division 
is the same or few as the grass division excluding october. 
moreover, the hygrophyte division passes for one year, there 

is no amount of flow, and can use all the water sprinkled. 
therefore, the hygrophyte division can be a little water 
consumption and use water without uselessness. 
the day amount of the evapotranspiration in August and 
December is shown in Figure-10. the day when the highest 
temperature was 30oC or more and the day multiplication 
amount of solar radiation was 15mJ/m2 or more was targeted 
in August. the day when sprinkling water of grass division 
had been done was targeted in December. the amount of 
evapotranspiration of the hygrophyte division is about 1.5 
times as more as that of grass division in August. there is the 
day amount of evapotranspiration of about 1.0mJ/m2 in the 
hygrophyte division though there is hardly the day amount of 
evapotranspiration in grass division in December.

3.3 water quality comparison in circuit system
 Water in the rainwater storage tank of both circuit systems and 
rainwater, the total nitrogen (t-N) and the total phosphorus (t-
p) are shown in Figure-11.
Because the adjustment doesn’t go well, and rain water from 
the gutter was hardly distributed to the water storage tank of 
the small circuit system, the value of the small circuit system is 
equal to tap water that is make-up water in both t-N and t-p. 
therefore, the value of the small circuit system has lowered to 
all phosphorus.
on the other hand, it is thought that the value of t-p rose 
because a part of the hygrophyte withers in July and 
phosphorus eluted from the plant body in the large circulation. 
As for the t-N, it is understood that the density doesn’t increase 
greatly even if they are made to circulate as a result.

 
Fig. 9 – Amount of sprinkling water and water use rate (each month)
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Fig. 10 – Day amount of evapotranspiration of each division in August and December 
(average)

Fig. 11 – Changing of t-N and t-p with circuit system

4 Conclusions
in the present study, the temperature controlling effect and 
the water balance on the rooftop gardening that used the 
hygrophyte were measured throughout the year, and each 
performance of each division in summer and winter was clarified.
the research on the influence that the difference of the circuit 
system gives to the water quality and the water balance in the 
system is advanced continuously in the future.

5 References
1. H. Kose (2004). growth Situation and temperature Change of 
the rooftop gardens by the Kind of Soil and plant, Summaries 
of 31st environment System Symposium, Japan Societies of 
Civil engineers (pp.393-397)

Hiroyuki Kose is the Associate Professor 
at Toyo University, Faculty of Information 
sciences and arts from 2009. Special fields 
of study are plumbing engineering, water 
environment and environment enhancement.

H. Kose (1), S. Nakamura (2), M. Tsuji (3)
(1) hkose@toyo.jp
(2) reo9992008@yahoo.co.jp
(3) m_tsuji@iwate-pu.ac.jp
(1) Faculty of information Sciences and Arts, toyo 
university, Japan
(2) Department of environmental System planning and 
Space Design , graduate School of engineering, toyo 
university, Japan
(3) Faculty of policy Studies, iwate prefectural university


