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Trend Analysis of Monthly Water Temperature at the 
Eastern Coast of Suo Nada, 1987–2010

Kei Takizawa１†, Hironori Oka２, Shuhei Takimoto２, Ayahiro Nakazato２  
and Toru Motoyama２

Abstract : The surface temperature of the Uma-shima Strait of the eastern coast of Suo Nada, Yamaguchi, 
Japan, was monitored every month from 1987 to 2010 and temporal trends were analyzed using Ordinary 
Least Squares regression analysis. The annual average temperature increased at a rate of 3.31×10-２ ℃ 
/year during this period, with more pronounced monthly patterns in August, October, and November. 
Similar patterns were observed in the temperature data recorded at air and water monitoring stations 
located nearby. Analyses of these records using regressions demonstrated that the surface temperature 
of the water of Uma-shima Strait water is influenced by the properties of the atmosphere and the water 
mass of the offshore area and that this influence varies from season to season with five distinct phases: 
an aircorrelated phase（April); an air-correlated and water-altered phase（August–October); a water-
correlated and air-altered phase（January–March); a water-correlated phase（May and November); and 
an uncorrelated phase（June-July and December).
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Introduction

　Climate  change has  received  considerable  attention 

owing  to  its  influence  on  many  aspects  of  life—in 

particular, because of  its  importance  in  food and energy 

supply for human subsistence.1-6）Against the background 

of  the  growing  concern  regarding  climate  change 

worldwide, a large body of literature has accumulated on 

the subject.  In Japan, research has been carried out on 

various  environment  indices,  and parameters  such as 

seawater  temperature have been monitored.7,  8）Water 

temperature  of  littoral  areas  has  been  recorded  to 

understand the phenology of regional fauna and its effect 

on  fisheries.9-11）In  the western Seto Naikai（Japanese 

Inland Sea),  a number  of  issues  related  to  the water 

temperature,  migratory  patterns  of  fish,  and  the 

occurrence of plankton have been documented.12-17）It  is 

therefore very important to characterize the distribution 

of  the water temperature at a fine temporal and spatial 

resolution. Since 1987, sea surface temperature has been 

recorded at  a monitoring  station  at  the  center  of  the 

Uma-shima Strait（approximately  1 km wide）off  the 

eastern coast of Suo Nada（33° 54′ 24″ N 132° 2′ 29″ E; 

B  in Fig. 1), Yamaguchi,  Japan. Temperature has been 

observed on a monthly basis, and the data for the period 

1987‒2010 have been analyzed. Regression methods were 

used to analyze the relationship between the temperature 

of  the water  and  the  temperature  of  the  atmosphere 

recorded nearby. This analysis has demonstrated how 

the surface  temperature at  the monitoring station was 

influenced by environmental temperature.18）Namely, this 

study dedicates to representing some basic views on the 

oceanography  which  undertakes  analyz ing  the 

oceanologic process:  hydrodynamics  and heat balance 

between air  temperature and water temperature of  the 

coastal area.
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（33°  51′42″ N  131°  53′54″ E),  a  fixed  station  for 

oceanographic  observation  administered  by  the 

Yamaguchi  Prefectural  Fisheries  Research  Center

（YPFRC). With the permission of YPFRC, the  logbook 

was  inspected（http://www.pref.yamaguchi.lg.jp/cms/

a16500/suisan-s/suo.html）and the records were obtained 

for four different layers（at depths of 0, 10, 20, and 30 m). 

This station  is  located approximately 14 km away  from 

our monitoring site toward the center of Suo Nada（Fig. 

1). We considered the station YNS9 because  it provides 

information  on  the  characteristics  of multiple water 

layers  in  the offshore area. The water  temperature at 

YNS9 corresponding to the depths of 0, 10, 20, and 30 m 

are  referred  to  as  SY00, SY10, SY20,  and  SY30, 

respectively.

Regression analysis

　Ordinary Least Squares（OLS）multivariate regression 

analysis was  carried  out  to  determine  relationships 

between  the datasets. Autocorrelation was determined 

using the Durbin-Watson test and heteroscedasticity was 

determined using  the Breusch-Pagan  test with ESS/2

（explained sum of squares)20-22）.

Materials and Methods

Temperature

　Surface  temperature was measured using a mercury 

thermometer19）on a monthly basis; measurements were 

made on days with the same  lunar phase（i.e., either of 

the  spring  tide）throughout  the  year. Two  separate 

measurements approximately 5 min apart were recorded 

and  then averaged. The research boat  “Nagisa” of  the 

Tana  Marine  Laboratory  of  the  National  Fisheries 

University was used  to  carry out  the  sampling  in  the 

Uma-shima  Strait. The  dataset  of  the  surface water 

temperature is referred to as USSW.

　Atmospheric temperature data were obtained from the 

Yanai station（33° 57.5′ N 132° 6′ E）of the Automated 

Meteorological Data Acquisition System（AMeDAS）

network of the Japan Meteorological Agency; this  is the 

observatory closest— approximately 8 km away—to our 

sampling site（Fig. 1）（http://www.data.jma.go.jp/obd/

stats/etrn/index.php). The  atmospheric  temperature 

dataset is referred to as YANA.

　Water temperature data were also obtained at a depth 

of ~40 m  from of  a nearby monitoring  location YNS9

Fig. 1　Location of the monitoring stations within the study area. 
　　　  A: AMeDAS Yanai observatory（Japan Meteorological Agency: 81481); B: monitoring site  in  the Uma-shima 

Strait; C: monitoring station for oceanographic observation（YNS9）administered by the Yamaguchi Prefectural 
Fisheries Research Center. Broken line: 10-m depth; chain line: 20-m depth; two-dot chain line: 30-m depth.
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respectively. All fell below those of USSW from April to 

September.

　The climatological  seasonal variation  in  the vertical 

profile of  the water temperature at  the YNS9 station  is 

shown in Fig 4. This illustrates that vertical mixing up to 

a depth of 30 m occurred from November to March with 

the difference of  only 0.3 ℃. A  thermocline developed 

from May to September with a much larger difference of 

2.4‒4.8 ℃, while the surface temperature rose to 26.3 ℃. 

Based  on  these  results,  the  stratified  period  can  be 

defined as  the period  from May to September, and  the 

mixing period as that from November to March.

Trend analysis

　Trend  analysis  of  the USSW data was  carried  out 

using both the annual average and monthly temperatures

（Table  1).  The  annually  averaged  temperature 

increased during this period by 3.31×10-2 ℃ /year（Fig. 

5); considerably large increases were observed in August, 

October,  and November（Table  1). For  example,  the 

maximum and  standard deviation  recorded  in August 

introduced a steep trend greater than 0.1 ℃ /year. This 

indicates  that  these  months  have  witnessed  larger 

increases  in  the annually averaged USSW, whereas  the 

USSW for the months January to July remained constant. 

This  warming  trend  was  a lso  observed  in  the 

atmospheric and marine conditions  in  the nearby areas

Results

Monthly patterns

　The monthly minimum and maximum temperatures 

and the monthly temperature averaged over the 24-year 

period（climatological mean)23）of  the USSW data  are 

shown in Fig. 2. The climatological seasonal cycle shows 

a minimum temperature of 8.0 ℃（February 2006）and a 

maximum temperature of 30.3 ℃（August 2001), while 

the averaged temperature fluctuated between 10.1 ℃  in 

February and 27.2 ℃ in August. The difference between 

the monthly minimum and maximum varied between 2.4 

℃（March）and  6.8 ℃（August), while  the  standard 

deviation（SD）is  the smallest  in March（0.67 ℃）and 

the largest in August（1.85 ℃).

　Fig   3   shows  the   re la t i onsh ips   be tween  the 

climatological means of YANA, SY00, SY10, SY20 and 

SY30,  and USSW. The climatological means of YANA 

during  the period 1987‒2010 exceeded  those of USSW 

from April to July, varying between 5.3 ℃ in January and 

27.1 ℃  in August. The climatological mean of SY00 fell 

below  those  of USSW  from April  to August,  varying 

between 11.0 ℃ in March and 26.3 ℃ in September. The 

climatological means  for SY10, SY20 and SY30 varied 

between  10.8 ℃  in March  and  25.6 ℃  in  September, 

between 10.8 ℃ in March and 24.9 ℃ in September, and 

between  10.7  ℃  in  March  and  23.6  ℃  in  October, 

Fig. 2　Climatological monthly mean temperature averaged for 1987‒2010 in the Uma-shima Strait（B in Fig.1). 
　　　　Solid line: averaged; broken line: minimum record; chain line: maximum record.
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Fig. 3　Relationships between the climatological means of YANA, SY00, SY10, SY20 and SY30, and USSW. 
　　　　Broken line: equivalency plot; abscissa: USSW.
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nearby  areas（Table  2).  None  of  the  significant 

correlations  are  negative.  The  regression  with  the 

atmospheric  temperature（YANA）per  year  explains 

46.3% of  the variability  in USSW 20）.  In addition, USSW 

was found to be influenced by the air temperature from 

February to April and from August to October. The R2 

values of  the  latter period are higher  than those of  the 

former and showed a tendency to decrease;  this  implies 

the  effect  of  air  temperature was  lesser  during  this 

period. The result  for  the water  temperature of YNS9 

per  year  shows  that  SY00,  SY20,  and  SY30  are 

significantly correlated with USSW with coefficients of 

determination of 0.227‒0.458. The monthly analysis shows 

（Table  1).  Specifically,  YANA  in  September  and 

October, and SY00, SY10, and SY30 in December show 

substantial  increases over  time. These results  indicate 

that the cooling process  from October to December has 

been modified in the study area. However, no trends are 

evident  in  the annual average  temperatures of YANA, 

SY00, SY10, SY20,  and SY30（Table  1).  In  addition, 

there were no correlative  shifts  from January  to  July, 

except for sporadic trends in May and June.

Bivariate regression

　The  annually  averaged USSW correlated with  the 

temperature  of  the  atmosphere  and  the  seawater  in 

Fig. 4　Climatological  seasonal variation of  the vertical profile of water  temperature（℃）at the YNS9（C in Fig.1）
determined by averaging the data for 1987-2010. 

　　　　The isoclines are depicted with the data of 0, 5, 10, 20 and 30 m depth.

Fig. 5　Annual mean temperature of the Uma-shima Strait（B in Fig.1). 
　　　　Open circle: temperature; solid line: regression line; broken line: 95% confidence limits of regression.
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atmospheric  and water  temperatures  of nearby areas. 

The presence of multicolinearity was determined prior to 

multivariate  regression analysis. Multicollinearity was 

estimated by  the variation  inflation  factor（VIF), with 

significance explained when VIF > 3.020）.

　The matrix of correlation coefficients for YANA, SY00, 

SY10 ,   SY20 ,   a nd   SY30   a r e   s hown   i n   F i g .  6 . 

Multicollinearity appears mostly between SY00, SY10, 

SY20, and SY30（VIF: 1.004‒587.0), mostly during  the 

mixing period（Fig. 4). This suggests that care should be 

that  all  the  regressions were  significant  during  the 

mixing period（January–February), with the R2 value of 

January being higher  than that of February, and  in  the 

transition period from the stratified to the mixing period

（October). Significant correlations between SY10, SY20, 

and SY30, and USSW were observed in May.

Multivariate regression

　The bivariate regression analysis  identified a number 

of  single  explanatory  variable  with  respect  to  the 

Fig. 6　Matrices of correlation coefficient R among valuables of YANA, SY00, SY10, SY20, SY30 and USSW.
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the years 2000 and 2006.

Discussion

　The present study has documented an increase in the 

annual averaged surface water temperature of the Uma-

shima Strait;  this  observation  is  consistent with  the 

results  of  other  research  conducted  in  the Suo Nada 

area24, 25）. Furthermore, the present study has determined 

the  influence  of  nearby  areas  on  the  documented 

temperature  fluctuations  at  the monitoring  site. Both 

bivariate  and multivariate  analyses demonstrate  that 

while surface water temperature was subject to vertically 

homogeneous water mass  in the mixing period of YNS9

（January–March), YANA operated additionally  from 

February  to April with cutting off  the effect of water 

temperature;  thereafter,  in May,  the effect of  the cooler 

water mass of  the deeper  layer  in YNS9 was observed

（Table 2). USSW exhibits a  locally uncorrelated period 

in  June–July,  after which YANA  intensely  influenced 

USSW  in August–September. Thereafter,  the effect of 

YANA  reduced  in  October,  and  the  temperatures 

recorded  at YNS9,  especially  SY10  and  SY20,  had 

significant effects; this was again followed by a period of 

stability.

　In conclusion,  the seasonal pattern  in  the relationship 

between the air and water  temperatures of areas near 

the  surface water  temperature at  the monitoring  site 

consists of  five phases: an air-correlated phase（April); 

an  air-correlated  and water-altered  phase（August–

October);  a  water-correlated  and  air-altered  phase

（January–March);  a watercorrelated phase（May and 

taken when creating equations using more than two data 

sets from the YNS9 station. However, the VIF values for 

relationships between YANA and the temperature data 

of  the YNS9 station were all  less  than 2.586. Therefore, 

multivariate regressions were developed using YANA as 

the  first  independent variable,  and either SY00, SY10, 

SY20, or SY30 as the second.

　Following  a  total  of  52  trials,  three  significant 

regressions were found for February as follows:

　　USSW=2.770+0.3104 YANA+0.4792 SY10　　　（1）

　　USSW=2.756+0.3137 YANA+0.4800 SY20　　　（2）

　　USSW=2.460+0.3078 YANA+0.5100 SY30　　　（3）

　Table 3 lists statistical values for these regressions. It 

has been established that USSW was influenced by every 

single independent variable in February（Table 2). Both 

variables  in  Eqs.  1‒3  are  positive  and  support  the 

argument  that both  the air and water  temperature of 

nearby areas have a positive  influence. A similarity  in 

Eqs.1-3  can  be  accounted  by  the  vertical mixing  in 

February  shown  in  Fig.4.  While  the  range  of  air 

temperature  YANA  is  larger  than  those  of  water 

temperature SY10, SY20 and SY30,  the coefficient  for 

YANA  is  the smaller of  the  two  in each equation. The 

range of USSW is among them. Fig.7 shows the annual 

changes  of YANA,  SY10,  SY20,  SY30  and USSW  in 

February and the estimated values of USSW which are 

calculated by multivariate  regressions. The  residuals 

between them  in each year are  less  than 1.0 ℃ except 

Table 3.　Statistical values of Durbin-Watson  test（DW), Breusch-Pagan  test
（ESS/2), coefficient of determination（R2), VIF and significance level 
on two-variable regression for USSW.
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Fig. 7　Annual changes of YANA, SY10, SY20, SY30 and USSW in February and the estimated values of USSW which 
are calculated by multivariate regression.

　　　　a: YANA, SY10, SY20, SY30 and USSW; b: USSW and the estimates by Eq. 1; c: USSW and the estimates by Eq. 
2; d: USSW and the estimates by Eq. 3. Closed square with solid line: YANA; open square with broken line: SY10; 
open square with solid line: SY20; closed square with broken line: SY30; open circle with solid line: USSW; closed 
circle with broken line: the estimated values by multivariate regression.

　　　　The multivariate regressions were applied to the data from 1987 to 2009 on account of the absence of information 
at YNS9 in February 2010.
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sets. We used the computing resources of the Agriculture, 

Forestry and Fisheries Research Information Technology 

Center to carry out the Durbin-Watson tests.
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of  the Suo Nada area mentioned  that  the  increment  in 
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April24）and  January-March25）. This  discrepancy may 
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　The regression analyses indicate that the surface water 
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周防灘東部沿岸域において1987-2010 年に観測された水温の変動解析

滝澤　敬・岡　宏典・滝本脩平・中里礼大・本山　徹

1987-2010年に周防灘東部沿岸域の馬島水道において表面水温を毎月観測し、その経年変化の特徴を解析したとこ

ろ、年間平均水温はこの間に3.31×10-２℃/年の割合で上昇していることがわかった。また、８月および10・11月の

水温が8.01×10-２ -1.10×10-１℃/年の上昇率をしめした。本水域の近辺域で測定された気温や沖合域で観測された

水温について月別に解析したところ、同様の傾向がみられた。回帰分析法をもちいてこれらの温度間の関係を調べ

たところ、馬島水道の水温はこれらの気温・水温の影響を受けて変動しているようであり、両者の間には月によっ

て異なるいくつかの相関パターンのあることがわかった。


