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ABSTRACT 

The climate change in Shandong Peninsula, China was analyzed in this paper by the non-parametric Mann-Kendall test, 
Accumulated Difference Curve and Order Cluster Analysis methods, based upon the datas of annual mean, maximum 
and minimum temperature and annual precipitation, precipitation from June to September over the past 50 years. Re-
sults obtained showed a number of observations: 1) The annual mean temperature of Shandong Peninsula showed a 
significant increasing trend, with a distinct abrupt change point detected around 1990, during the past 5 decades. The 
warming of the Peninsula over the last 50 years was due mainly to the significant increase of annual minimum tem-
perature. The annual maximum temperature demonstrated a mixed trend of decreasing and increasing, but was statisti-
cally insignificant, and no abrupt change was detected; 2) The annual precipitation exhibited a decreasing trend during 
the past 5 decades, with an abrupt change detected around 1980 at most stations; but there was an earlier transition point 
at 1966, at a few stations. The reduction in precipitation, from June to September, was responsible mainly for the de-
crease of annual precipitation. Besides, the proportion of the June-September precipitation in the year declined slightly 
over the last 50 years; 3) In comparison, the temperature evolution in Shandong Peninsula was basically consistent with 
most parts of China, but warmed at a faster rate over the same period; the decreasing trend of precipitation was more 
significant compared with the other climate zones of China. Within the Peninsula, the abrupt change of temperature and 
precipitation in the Southeast was earlier than that in the Northwest; the reduction of precipitation was larger in the 
Southeast while the increase of temperature was more significant in the Northwest. This research was of great impor-
tance to understand the climate change and its environmental effects in the coastal zone. 
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1. Introduction 

Climate is an integral part of natural environment that 
humans depend upon for survival; global climate change 
has become a hot issue, and attracted the common con- 
cern of governments and scientists. Global climate change, 
especially global warming has been a scientific fact that 
not can be avoided during the past 100 years [1-7]. The 
global average surface temperature has increased 0.74˚C 
during the 20th Century (1906-2005) according to IPCC 
(2007). The coastal zone is the narrow strip located be- 
tween land and sea. As the most developed region which 
is densely populated, the climate change in the coastal 
zone has a special significance to the development of hu- 
man society [8,9]. Additionally, the coastal zone in-  

volved in this article represents the interface between 
land, sea and the atmosphere, and there exists frequent 
exchange of moisture, heat fluxes, sediment, and impor- 
tant nutrient elements like C, N, S between land and sea; 
also, the coastal wetland ecosystem affects the concen- 
tration of greenhouse gases in the atmosphere, like CH4, 
CO2 and water vapor [10]. Thus, the climate change in 
the coastal zone will have a profound impact on global 
climate change. However, climate change in the coastal 
zone is not only affected by global climate change, also, 
it has its particular patterns inevitably, as the coastal cli- 
mate suffers the combined effect of atmosphere circu- 
lation from the continent and the ocean, and there exists 
two underlying surfaces of ocean and land which have 
totally different thermal properties in the coastal zone 
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[11]. Therefore, climate change in the coastal zone de- 
serves further research. 

China is situated in the Eastern Eurasia, which borders 
on the west coast of the Pacific Ocean, with a coastline 
of more than 18,000 km. The east coast of China compri- 
ses an area of 3 million km2, and stretches across the 
tropical, subtropical and temperate zone, from south to 
north [12]. More than 41% of the national population, 
50% of the large and medium-sized cities are located in 
the coastal zone of China, and it account for more than 
60% of the gross domestic productivity (GDP) [13], so 
the coastal development in China plays a leading role in 
the national economy. Affected by the different thermal 
properties of the largest continent and ocean, the east 
coast of China is dominated by a typical East Asian mon- 
soon climate [14,15]. In this paper, climate change in the 
eastern coastal zone during the last 50 years was analy- 
zed taking Shandong Peninsula, which is located in the 
temperate zone of Eastern China, as an example, to fur- 
ther reveal the temperate monsoon climate evolution un- 
der global climate change. Therefore, this research is not 
only of great importance to understand climate change 
and its environmental effects in the coastal zone, but also 
has important practical value for us to cope with global 
change, to achieve regional sustainable development, and 
to implement the planning of the blue economic zone in 
Shandong Peninsula particularly. 

2. Study Area 

Located on the east of Jiaolai River, which connected 
Laizhou Bay and Jiaozhou Bay, and extended eastward 
between the Bohai Sea and the Yellow Sea, Shandong 
Peninsula is the largest Peninsula in China (35˚35' - 
38˚23'N, 119˚30' - 122˚42'E), with an area of 2.7 × 104 
km2 (Figure 1). The main landform of the Peninsula was 
dominated by old metamorphic, granitic hills, and only a 
few medium and low mountains protrude above the hills 
with gently rolling topography. Mountainous area accounted 
for about 70% of the total area, with an elevation of 
about 200 meters. The mountains in the Peninsula, mainly 
includes Ya, Kunyu, Weide, Luo et al., was a nearly east- 
west strike and was close to the Northern Peninsula. 
They were about 500 - 1000 meters above the sea level, 
in which, Laoshan Mountain was the highest (1130 m). 
Shandong Peninsula has developed a typical temperate 
bedrock coast with a winding coastline [14]. 

Shandong Peninsula was under the control of Siberian- 
Mongolian high-pressure air masses from high latitude of 
the Eurasian continent in winter, with low air tempera- 
ture and humidity, thus dry and cold winter monsoon 
from near north was formed; air masses from low latitude 
of the Pacific Ocean, with high temperature and humidity 
prevailed in summer, warm and wet summer monsoon 
from near south was formed consequently. Under the  

 

Figure 1. Location of Shandong Peninsula showing mete- 
orological and hydrological stations and background topo- 
graphy. The stations are abbreviated as: HY (Haiyang); LZ 
(Laizhou); ZY (Zhaoyuan); JQ (Jiuqu); LK (Longkou); PL 
(Penglai); LY (Laiyang); MH (Miaohou); MP (Muping); 
CLGJ (Celinggaojia); ZJZ (Zangjiazhuang); WW (Wangwu); 
SK (Sikou); GL (Guanli);TK (Tiekou); MYSK (Muyushui- 
ku); ML (Menlou); TC (Taocun); WD (Wandi); SWP (She- 
wopo); JX (Jianxin); FS (Fushan); QX (Qixia) and TW 
(Tuanwang). 
 
control of summer monsoon and winter monsoon, Shan- 
dong Peninsula has developed a typical humid monsoon 
climate of warm temperate zone, the four seasons are 
distinct, with hot, rainy summer and cold, dry winter. 
Affected significantly by the summer monsoon, the an- 
nual precipitation occurs mostly in the summer season, 
from June to September, with strong intensity, and is 
often accompanied with heavy rains. The annual pre- 
cipitation in Shandong Peninsula averages 600 - 850 mm; 
the average temperature was –3˚C ~ –1˚C in January, and 
about 25˚C in August (the hottest month), the extreme 
maximum temperature was about 38˚C, and thus the an- 
nual temperature range was large [14]. 

Affected by the ocean, Shandong Peninsula had an an- 
nual precipitation which is 200 - 300 mm more than that 
of the continental interior area at the same latitude, toge- 
ther with cooler summer. Since Shandong Peninsula was  
close to the small-sized Bohai Sea on the northwest and 
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bordered the vast Yellow Sea on the southeast, mean- 
while the mountain ranges in the central Peninsula were a 
barrier to prevent the warm and moist air mass from the 
Yellow sea penetrating into the Peninsula, and thus the 
influence of the ocean to the climate weakened from 
southeast to northwest of the Peninsula. For instance, the 
annual precipitation decreased from the southeast to the 
northwest within Shandong Peninsula, it was above 850 
mm in the east side, while less than 600 mm in the coa- 
stal plain located in the Northwestern Peninsula [16].  

As the frontier area since Chinese Economic Reform, 
Shandong Peninsula has become one of the most deve- 
loped regions in China during the last 50 years, with a 
large population and many cities. The major industrial 
companies and cities, like Qingdao, Weihai and Yantai 
were all located in the coastal zone (Figure 1). Since the 
meteorological stations set up in these cities were more 
likely affected by urban climate conditions, the hydrolo- 
gical and meteorological data from the central Peninsula 
were chosen here to investigate the relationship between 
the coastal climate of the Peninsula and global climate 
change. 

3. Methodology  

3.1. Data 

It was generally acknowledged that human activities be- 
gan to have a notable impact on climate since 1950’s [2], 
and taking into account the availability of the data, the 
last 50 years was selected as the study period. 

In this paper, the observation data of temperature and 
precipitation from hydrological and meteorological sta- 
tions in the central Peninsula were used to analyze the 
climate change in Shandong Peninsula for the last 50 
years. In which, the precipitation data employed were 
from 18 hydrological stations, including two indicators 
of the annual precipitation and precipitation from June to 
September, and the observation period was from 49 to 58 
years (52 years in average); the temperature data includ- 
ing 3 indicators, the annual mean, maximum and mini- 
mum temperature respectively, were from 8 meteoro- 
logical stations. The observation period was from 44 to 
58 years (53 years in average). All of the stations men- 
tioned above are the National Basic Weather Stations, 
and the observation data are continuous data records for 
the period of the last 50 years, of good quality. As the 
temperate monsoon climate in the Peninsula is charac- 
terized by the synchronization of high temperature and 
ample precipitation, the 5 climate indicators selected in 
this paper were the best to reflect its climatic characteris- 
tics. The location of the stations was shown in Figure 1. 

3.2. Methods 

In this study, the non-parametric Mann-Kendall test [17- 

20], Accumulated Difference Curve [18] and Order Clus- 
ter Analysis (OCA) [21] were applied, to identify the 
long-term trend and the abrupt change of both precipita- 
tion and temperature series in Shandong Peninsula during 
the last 50 years. The Mann-Kendall test was first used to 
describe the general change trend for the climatic indica- 
tors. An Accumulated Difference Curve method was em- 
ployed next to analyze the periodical fluctuation of the 
climate element series. Finally, the transition point of the 
series was detected by OCA, a method to find the opti- 
mal dividing point of the time-series. All of the tests 
were under the 95% confidence level in this paper, and 
were calculated by Matlab software. 

3.2.1. Mann-Kendall Test 
Mann-Kendall test is a non-parametric method, it has the 
advantage of not assuming any distribution form for the 
data series, the test capacity is not affected by the break- 
point, and is more powerful than its parametric competi- 
tors. Therefore, it is highly recommended by the World 
Meteorological Organization to assess the monotonic 
trend in hydro-meteorological time-series. This test is 
based on the null hypothesis Ho, which supposes that the 
analyzed series are independent and randomly ordered, 
and there is no obvious change trend. The test statistics: 
Zc and β are stated simply as follows. 

1) Parameter Zc reflects the general change trend of 
the series. For the analyzed series (x1, x2  xn) 

 

 

1
0

var

0

1
0

var

S
S

S

Zc

S
S

S

 
 
  


0



           (1) 

In which, 


1

1 1

sign
n n

j i
i j i

x xS


  

               (2) 

 
1 0

0sign

1 0

j i

j i j i

j i

x x

x x x x

x x

 


0   
  

       (3) 

    1 2 5var
18

n n n
S

            (4) 

Zc follows the standard normal distribution. Therefore, 
Ho is rejected if |Zc| ≤ Z1−α/2, which means there is a sig- 
nificant change trend for the series (abbreviated as R), 
while accepting Ho suggests no obvious trend for the 
series (abbreviated as A). Besides, Zc > 0 represents an 
upward trend of the series, while Zc < 0 denotes a nega- 
tive trend. In which, α is the significance level for the test; 
±Z1−α/2 are the standard normal deviates. In this paper, α 
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= 95% was applied, ±Z1−α/2 = ±1.96. 
2) Parameter β is the Kendall gradient, and it is used to 

estimate of average change rate of the series. It is based 
on the assumption that the change trend of the series is 
monotonic, which means the trend is a linear function of 
time.  
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3.2.2. Accumulated Difference Curve 
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Draw the accumulated difference curve according to 
the results, the horizontal axis of the curve represents time 
(year), and the vertical axis of the curve is  ix X . 
An upward gradient of the curve indicates a relatively 
high temperature period or a pluvial period; a relatively 
cold or dry period conversely. And thus the change 
process of the series can be divided into stages with dif- 
ferent change trend, and the variation of the trend may be 
attributed to the abrupt change of the climatic elements.  

3.2.3. Order Cluster Analysis (OCA) 
CA, a method to 
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find the optimal dividing point of the time-series. This 
method was similar to the cluster analysis, but the se- 
quence of the series should not be disrupted. For the se- 
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where k represents the group number, ik is the first sam-
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ple of group k. The series was divided into 2 groups in 
this paper, and thus the point with the minimum φ{p(2, 
n)} value will be the optimal dividing point. 

4. Results 

4.1. Change T
Peninsula over the Past 50 Years 

1. Annual Mean Temperature 
The annual mean temperature of 
over the past 5 decades exhibited a significant increasing 
trend overall. The Mann-Kendall results showed that Ho 
was rejected (Table 1), which means the increasing trend 
of annual mean temperature series was significant at the 
95% significance level. The annual mean temperature of 
Shandong Peninsula has increased 1˚C - 2˚C approxi- 
mately over the past 5 decades, with an average increas- 
ing rate of 0.26˚C - 0.46˚C (10a)−1 (Table 1).  

The long-term trend of annual mean tempe
andong Peninsula was characterized by distinct perio- 

dical fluctuations over the past 50 years, instead of mo- 
notonic increasing trend. The accumulated difference 
curves showed that 1990 can be defined as the split point, 
to divide the annual mean temperature series into two 
periods: a downward trend in the early period and a con- 
tinuous increasing trend in the late period (Figure 2(a)). 
As a consequence, there may be an abrupt change of an- 
nual mean temperature around 1990: it shifted from a re- 
latively cool period to a warm period after 1990. 

According to the results of OCA, the transitio
 annual mean temperature at all stations existed in the 

period of 1988-1994, the annual mean temperature in- 
creased by 7.52% - 12.21% after the abrupt change (Ta- 
ble 2). Therefore, 1990 could be considered as the divid- 
ing point on the whole, and the annual mean temperature 
increased by about 10% after 1990, over the past 5 de- 
cades in Shandong Peninsula. Additionally, as can be 
seen from Figure 1 that the stations with more signifi- 
cant in creasing rate of annual mean temperature were 
mostly located in the northwest of the Peninsula during 
the past 50 years. 

The temperatu
ould be an active local response to global warming, but 

the specific change process and the exact transition point 
were not quite the same. The increasing rate of annual 
mean temperature for the past 50 years in Shandong Pen- 
insula was much higher than that of the entire globe (an 
increasing rate of 0.13˚C (10a)–1 from 1906 to 2005) ac- 
cording to the IPCC (2007), China (an increasing rate of 
0.3˚C (10a)–1 from 1961 to 2006) [22] and the monsoon 
region of Eastern China (an increasing rate of 0.26˚C 
(10a)–1 from 1951 to 2002) [23], also, it was more sig- 
nificant compared to the western inland area, at the same 
latitude (an increasing rate of 0.18˚C (10a)–1 from 1951 
to 2002) [24]. Moreover, many research have found that 
the transition point of annual mean temperature was ob- 
served at 1993 in the Northern Hemisphere [25], 1989 in 
China [22], 1992 in the warm temperate zone where 
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rature time-series in Shandong Peninsula. 
 

Table 1. Monotonic trend tests for the annual mean/maximum/minimum tempe

Annual mean temperature Annual minimum temperature Annual maximum temperature 
Station Period 

Zc β Zc β Ho Zc β Ho 

HY 1959-2009 0.   0.  –  –0. 3 5.13 033 3.74 069 R 0.19 00 A 

LZ 1959-2009 5.16 0.035 3.38 0.067 R –0.42 –0.006 A 

ZY 1957-2009 5.31 0.03 4.87 0.109 R –1.50 –0.022 A 

LK 1957-2009 6.38 0.046 5.14 0.14 R 0.72 0.01 A 

PL 1959-2009 4.49 0.029 2.57 0.05 R –1.08 –

0.  

0.021 A 

LY 1952-2009 5.98 0.033 3.49 0.052 R 0.72 0.008 A 

QX 1959-2009 4.76 0.026 3.05 0.06 R 0.11 0 A 

MP 1961-2009 5.57 0.041 2.09 0.052 R 1.15 024 A 

 
able 2. Transition point of the annual mean/maximum/minimum temperature time-series at 8 meteorological stations in 

Annual mean temperature Annual minimum temperature 

T
Shandong Peninsula. 

Station Period 
Transit ease Tran se ion Point Incr sition Point Increa

HY 1959-2009 1988 8.52% 1972 18.70% 

LZ 1959-2009 1994 9.23% 1986 20.12% 

ZY 1957-2009 1994 9.72% 1986 22.45% 

LK 1957-2009 1989 12.21% 1994 34.18% 

PL 1959-2009 1988 7.52% 1986 17.36% 

LY 1952-2009 1994 11.16% 1987 16.50% 

QX 1959-2009 1989 7.66% 1992 17.32% 

MP 1961-2009 1994 11.19% 1987 16.83% 

 

 

Figure 2. Accumulated difference curve of the annual mean (a) minimum (b) and maximum (c) temperature at 8 meteoro-

handong Peninsula located [22], and 1990 in the west- 

4.1.2. Annual Minimum Temperature 
creased signifi- 

ture rejected H , meaning that the increasing trend of 

tua- 

logical stations in Shandong Peninsula. 
 
S
ern inland area at the same latitude [22]. Apparently, the 
late 1980s or the early 1990s in the 20th century was an 
important period for temperature mutation in the North- 
ern Hemisphere. The abrupt change of annual mean 
temperature detected in Shandong Peninsula was mostly 
concentrated in this period too. 

The annual minimum temperature has in
cantly during the last 50 years in Shandong Peninsula. 
The Mann-Kendall results of annual minimum tempera- 

o

annual minimum temperature achieved the 95% signifi- 
cance level (Table 1). And the annual minimum tem- 
perature was observed an increase of 2˚C - 7˚C approxi- 
mately over the past 5 decades, with an average increas- 
ing rate of 0.5˚C - 1.4˚C (10a)–1 in Shandong Peninsula 
(Table 1). This observation was in agreement with the 
conclusions that the annual minimum temperature showed 
a significant increasing trend over the past 50 years in 
China [7,26-28], the north of 35˚N especially [24].  

The rising process of annual minimum temperature in 
Shandong Peninsula showed distinct periodical fluc
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tio

re at most stations was in the 
pe

The annual maximum temperature demonstrated a mixed 
he past 50 years 

l minimum temperature was 
m

Peninsula over the Past 50 Years 

The ninsula exhi- 
ing the last 50 years. The 

bvious periodical fluctuations, 
ot

r the abrupt change with the reduction 
m

ns over the past 5 decades, but not a monotonic in- 
creasing trend. The accumulated difference curves at 
most stations showed a decreasing trend before 1990, a 
continuous increasing trend afterwards, but there was an 
obvious fluctuation around 1970 (Figure 2(b)). Since it 
can be inferred that the possible transition point of annual 
minimum temperature existed around 1990. However, 
accumulated difference curve for Haiyang station ap- 
peared to show a decreasing trend before 1970s, an in- 
creasing trend after 1990 and a horizontal period between 
them (Figure 2(b)). Evidently, the abrupt change of an- 
nual minimum temperature probably existed in 1970s- 
1990s at Haiyang station.  

The OCA results showed that the transition point of 
annual minimum temperatu

riod of 1986-1994, except Haiyang Station, which has 
an earlier transition point at 1972 (Table 2). Moreover, 
the annual minimum temperature showed an increase of 
16.50% - 34.18% after the abrupt change (Table 2). 
Therefore, the annual minimum temperature in Shandong 
Peninsula increased by about 20% after 1990 over the 
past 5 decades, and thus the abrupt change was distinct. 

4.1.3. Annual Maximun Temperature 

trend of decreasing and increasing over t
in Shandong Peninsula. Longkou, Muping, Laiyang and 
Qixia stations showed a slight upward trend of annual 
maximum temperature, while it displayed a gentle de- 
creasing trend at Haiyang, Laizhou, Penglai and Zhao- 
yuan station. The Mann-Kendall test indicated that the 
change trend was statistically insignificant (Table 1). 
Furthermore, the change pattern of annual maximum 
temperature was quite complex and no obvious abrupt 
change was observed, seen from the accumulated differ- 
rence curve (Figure 2(c)). 

According to the analysis described above, the in- 
crease amplitude in annua

uch higher than that of the annual maximum tempera- 
ture in Shandong Peninsula over the last 50 years. Con- 
sequently, the climate warming of Shandong Peninsula 
over the last 50 years was largely due to the significant 
increase of annual minimum temperature, especially after 
the 1990s. A similar story exists all over China [29]. 

4.2. Precipitation Changes in Shandong  

4.2.1. Annual Precipitation 
 annual precipitation of Shandong Pe

bited a decreasing trend dur
Mann-Kendall test results indicated that the annual pre- 
cipitation at 18 stations showed a decreasing trend, and 
the decreasing trend was significant at Muyushuiku, Lai- 
yang, Tiekou, Miaohou and Menlou stations (Table 3).  

The annual precipitation was observed a decrease of 
about 60 - 200 mm over the past 5 decades, the decreas- 
ing rate was 1.33 - 4.13 mm·a–1, with an average value of 
2.73 mm·a–1 (Table 3). Thus, the annual precipitation 
reduction differs considerably in different regions of 
Shandong Peninsula. The decreasing rate of annual pre- 
cipitation over the past 50 years in Shandong Peninsula is 
slightly higher than that of the warm temperate zone in 
China (–2.13 mm·a–1), which was detected a more marked 
reduction in annual precipitation than the other climate 
zones of China [22,26]. Therefore, the decreasing trend 
of annual precipitation in Shandong Peninsula over the 
past 50 years was more notable compared with the other 
climate zones of China. 

The change process of annual precipitation in Shan- 
dong Peninsula showed o

her than monotonic increasing trend over the past 5 
decades. The accumulated difference curves at Muyu- 
shuiku, Laiyang and Shewopo stations showed an in- 
creasing trend before 1966, after a short-term fluctuation, 
then started to decrease around 1980 (Figure 3(a)). How- 
ever, the accumulated difference curves for the other 15 
stations were divided into 2 periods at 1980, but there 
was an obvious fluctuation at about 1966, especially the 
Sikou, Tuanwang, Zangjiazhuang and Wandi station 
(Figure 3(b)). This suggested that the annual precipita- 
tion transitioned from a relatively wet season to a dry 
season after 1980s in the study area. Therefore, 1966 or 
1980 was thought as the possible transition point of an- 
nual precipitation in Shandong Peninsula. Further analy- 
sis based to the results of OCA showed that, the transi- 
tion point of annual precipitation was 1966 at Muyu- 
shuiku, Laiyang and Shewopo station, which were lo- 
cated in the Southeastern Peninsula, while that at the 
other 15 stations was around 1980 (Table 4), this is the 
same time when the major precipitation belt moved in a 
Northern to Southern China trajectory throughout the last 
50 years [30]. 

The annual precipitation in Shandong Peninsula has 
decreased afte

agnitude ranges from 13.81% to 24.75% over the past 5 
decades, and the mean value was 18.77% approximately 
(Table 4). The study area can be divided into two parts: 
the northwest (9 stations) and the southeast (9 stations), 
respectively, according to the line joining points of Yan- 
tai and Miaohou. Among the 8 stations with the reduced 
amplitude of annual precipitation below the mean value 
(18.77%), 7 were located in the northwest, while only 2 
of the 10 stations with the reduced amplitude above the 
mean value (18.77%) were located in the northwest 
(Figure 1). Therefore, the reduction of annual precipita- 
tion in the northwest was much smaller than that in the 
southeast in the past 50 years. 

Different from the decreasing trend of annual precipi-  
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or the annual/June-September precipitation time-series at 18 hydrological stations in Shan- 
do

 
Table 1. Monotonic trend tests f

ng Peninsula. 

Annual precipitation June-September precipitation 
Station 

Period Zc β Ho Period Zc β Ho 

JQ 1965-2009 .34 A 1965-2009 A –1.13 –2 –1.54 –2.31 

CLGJ 1  –  1  –  –2  

M  

SW –2.

960-2009 –1.2 2.24 A 960-2009 1.16 .22 A 

WW 1959-2009 –0.96 –1.33 A 1959-2009 –1.24 –1.84 A 

SK 1956-2009 –1.36 –2.13 A 1958-2009 –1.35 –2.41 A 

GL 1952-2009 –1.05 –1.49 A 1952-2009 –1.25 –2.07 A 

YSK 1956-2009 –2.16 –3.42 R 1959-2009 –1.97 –3.13 R 

LY 1956-2009 –2.2 –3.24 R 1956-2009 –1.84 –2.95 A 

TW 1952-2009 –1.8 –2.4 A 1957-2009 –1.07 –1.84 A 

WD 1952-2009 –1.83 –2.57 A 1952-2009 –1.47 –1.88 A 

P 1953-2009 –1.8 79 A 1953-2009 –1.69 –2.79 A 

JX 1956-2009 –1.69 –3.04 A 1960-2009 –1.99 –3.47 R 

TK 1952-2009 –2.07 –3.25 R 1952-2009 –2.12 –2.98 R 

MH 1960-2009 –2.08 –3.95 R 1960-2009 –2.12 –3.48 R 

ZJZ 1960-2009 –1.36 –2.21 A 1960-2009 –1.64 –2.58 A 

FS 1966-2009 –1.61 –3.68 A 1966-2009 –1.35 –2.8 A 

ML 1960-2009 –2.41 –4.13 R 1960-2009 –2.31 –4.44 R 

TC 1952-2009 –1.36 –1.81 A 1952-2009 –1.47 –2.37 A 

QX 1960-2009 –1.82 –3.09 A 1960-2009 –1.66 –2.95 A 

 
Table ransition points of the annual/June-Se er pre itation  at 18 h gical s in Sh ong 

eninsula. 
 2. T ptemb cip time-series ydrolo station and

P

Annual precipitation June-September precipitation 
Station 

Period Transition point Decrease Period Transition point Decrease 

JQ 19 1965-65-2009 1979 14.44% 2009 1979 19.08% 

CLGJ 1960- 1960-

GL 1952-2009 1980 13.81% 1952-2009 1980 15.77% 

M

2009 1986 17.27% 2009 1986 20.54% 

WW 1959-2009 1979 15.08% 1959-2009 1979 20.77% 

SK 1956-2009 1977 14.61% 1958-2009 1977 16.55% 

YSK 1956-

LY 1956-

2009 

2009 

1966 

1966 

22.11% 

24.75% 

1959-2009 

1956-2009 

1966 

1966 

31.27% 

29.51% 

TW 1952-2009 1977 20.09% 1957-2009 1966 29.32% 

WD 1952-2009 1977 20.01% 1952-2009 1966 23.94% 

SWP 1953-2009 1966 18.84% 1953-2009 1966 22.85% 

JX 1956-2009 1977 22.98% 1960-2009 1977 26.78% 

TK 1952-2009 1980 23.68% 1952-2009 1980 26.79% 

MH 1960-2009 1977 19.37% 1960-2009 1979 21.47% 

ZJZ 1960-2009 1980 15.93% 1960-2009 1979 20.11% 

FS 1966-2009 1977 20.26% 1966-2009 1979 23.05% 

ML 1960-2009 1980 22.13% 1960-2009 1979 27.84% 

TC 1952-2009 1977 14.29% 1952-2009 1979 16.74% 

QX 1960-2009 1980 18.16% 1960-2009 1980 21.63% 
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Year                                            Year 

Figure 3. Accumulated difference curve of the annual precipitation at 18 hydrological stations in Shandong Peninsula. 
 
tati

en

ng Peninsula has developed a typical humid mon- 
most pre- 

5.1. The Relationship between Temperature and 

 the rising temperature; also, 
mount of precipitation and evaporation 

 
ture on scenarios in different 

 greenhouse effect [2]. Therefore, 
the climate change in Shandong Peninsula was affected 

- 
ric c  exchange and 

on in Shandong Peninsula, it exhibited an increasing 
d in the western inland area at the same latitude over 

5. Discussion 
tr
the last 50 years [7,19,26,31], with the transition point 
concentrated in mid-1980s [22,32], which is a little later 
than that of the Shandong Peninsula. Consequently, 
Shandong Peninsula was becoming warmer and drier 
gradually, while the western inland area showed a transi- 
tion to warmer and wet conditions during the recent 50 
years. 

4.2.2. Precipitation from June to September 
Shando
soon climate of warm temperate zone, with 
cipitation falls mainly in summer season (from June to 
September). The research results show that, the average 
percent of precipitation from June to September of the 
year was 67.19% - 74.61% in the 18 hydrological sta- 
tions of Shandong Peninsula, the average value was 
71.93% (Table 5). Therefore, the analysis on the evolu- 
tion of summer precipitation and the proportion of pre- 
cipitation from June-September of the year is of great 
significance to understand the monsoon climate change 
over the last 50 years. 

The change characteristics, as well as the transition 
point of June-September precipitation, were basically 
consistent with that of the annual precipitation in Shan- 
dong Peninsula over the past 5 decades (Tables 3 and 4), 
but the proportion of June-September precipitation in 
annual precipitation decreased slightly (Table 5). It sug- 
gests the reduction of June-September precipitation was 
responsible mainly for the decrease of annual precipita- 
tion. The June-September precipitation reduced by 15.77% - 
31.27% after the abrupt change, and the mean value was 
about 23% (Table 4). Within the Peninsula, the reduction 
magnitude of June-September precipitation at 10 stations 
was under the mean value (23%), in which, 7 were lo- 
cated in the northwest, but only 2 out of the 8 stations 
with the reduction magnitude above the mean value 
(23%) were located in the northwest. Therefore, the re- 
duction magnitude in the southeast was more remarkable 
than that in the northwest. 

Precipitation Changes 

On a global or large regional scale, the regional water 
 alter withcycle process will

it will affect the a
[33,34]. However, changes in precipitation and tempera-

 showed different collocati
regions. For example, increasing temperature was identi- 
fied all over China during the past 50 years, while the 
annual precipitation increased in South China, but de- 
creased in the North [19,26,35], or decreased in East 
China, but increased in the west [7,31]. As has been ar- 
gued above, the temperature has increased significantly 
in Shandong Peninsula with an abrupt change detected 
around 1990; whilst the precipitation decreased with an 
inflection point around 1980. Consequently, increasing 
temperature collocated with decreasing precipitation in 
Shandong Peninsula during the study period, both showed 
distinct periodical fluctuations and abrupt changes, but 
the abrupt change in precipitation was 10 years earlier 
than that of the temperature. In addition, the annual tem- 
perature range and the proportion of June-September pre- 
cipitation in annual precipitation has decreased slightly. 
However, changes in temperature and precipitation over 
the past 50 years have not modified the synchronization 
of high temperature and ample precipitation, which was 
the main feature of the temperate monsoon climate in 
Shandong Peninsula.  

5.2. The Relationship between Climate Change 
and the Monsoon Evolution  

It was generally recognized that global warming was 
primarily related to the

by the global warming inevitably. Besides, the atmosphe
irculation is an important way for heat

water vapor transport, and thus is the main factor for the 
formation of various climate conditions [36]. For the East 
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Table 5. Monotonic trend tests for the percentage of June-Se mber precipitation in the year at 18 hydrological stations in 
Shandong Peninsula. 

Station Period Zc Percent 

pte

Stat on Period Zc Percent Ho i

JQ 1965-2009 –0.85 69.84% SWP 1953-2009 –1.18 74.18% A 

CLGJ 1960-2009 –0.74 70.88% JX 1960-2009 –1.72 73.40% A 

1  – 1  –

 

WW 959-2009 1.54 71.70% TK 952-2009 1.09 72.62% A 

SK 1958-2009 –0.81 72.23% MH 1960-2009 –0.6 70.18% A 

GL 1952-2009 –0.93 74.61% ZJZ 1960-2009 –0.97 70.82% A 

MYSK 1959-2009 –0.75 73.40% FS 1966-2009 –0.35 67.19% A 

LY 1956-2009 –0.81 72.24% ML 1960-2009 –1.22 69.16% A 

TW 1957-2009 –0.31 71.95% TC 1952-2009 –1.02 74.02% A 

WD 1952-2009 –0.23 74.30% QX 1960-2009 –0.77 72.06% A 

 
Asia m oon cl  Shand ninsul  was 
close elated t action een w on- 
soon  summ n [14 any s have 

und that the Siberia-Mongolia high was an important 

l precipitation in Eas- 
te

e impact of natural 
an

nsula l he rgi ate 
ange in nin quire r resea . 

5.3. Spatial Difference of Climate Change in 

 
ribed 
 the 

sout  of temperature was more 

 
dy

reasing trend and a distinct 

ons imate in ong Pe a, it
ly r o the inter  betw inter m
 and er monsoo ]. M tudies 

fo
factor for temperature change in the East Asian monsoon 
area. The 1030 hPa isobar southward expansion of Sibe- 
rian high and the 500 hPa geopotential height of Siberia- 
Mongolian Plateau both experienced an abrupt change in 
mid-1980s [37,38], which was basically consistent with 
the transition point of temperature in Shandong Peninsula 
during the last 50 years. Since it can be inferred that the 
temperature change in Shandong Peninsula over the past 
50 years may be highly impacted by the abrupt change of 
Siberia-Mongolia winter monsoon. 

Precipitation in the East Asian monsoon region was 
directly related to the summer monsoon [29,39-45]. The 
maritime air masses associated with the summer mon- 
soon brings about 75% of the annua

rn China [46]. Many research has shown that the East 
Asian summer monsoon suddenly weakened in late 1970s 
during the last 50 years, which might be related to the 
changes of the snow cover conditions in the Tibetan Pla- 
teau and the sea surface temperature in east central tro- 
pical Pacific [41-43,47]. Correspondingly, the precipita- 
tion in Northeastern China reduced significantly in late 
1970s, resulted by the sudden weaken of the summer 
monsoon [30,35,43,44,48]. The precipitation reduction in 
Shandong Peninsula was in the same period, therefore, 
we can speculate that the decrease of precipitation in 
Shandong Peninsula may be attributed to the changes in 
East Asian summer monsoon.  

There are great difficulties to analyze the driving me- 
chanism of climate change under the continental scale. 
The causal factors for climate change are diverse and 
complicated. It is hard to identify th

d anthoropogenic factors due to the local circulation 
and topographic complexity on a small scale [49]. This 
article is only a preliminary study for the main reason of 
climate change in the large-scale area where Shandong 

Shandong Peninsula 

As the barrier effect of the nearly east-west watershed 
located in central Peninsula, the northwestern Peninsula 
was more influenced by winter monsoon, while the sum- 
mer monsoon was more significant in the southeast. Con- 
sequently, it presented distinct spatial variations of cli-

Peni ocated, t onal reason for the clim
ch Shandong Pe sula re s furthe rch

mate change within Shandong Peninsula. As desc
above, the reduction of precipitation was larger in

heast while the increase
significant in the northwest; meanwhile, the stations with 
earlier transition points of precipitation and temperature 
were located mostly in the southeastern Peninsula. This 
implied that the summer monsoon had an earlier change 
than winter monsoon. And we can further speculate that 
the impact of the Pacific Ocean on the monsoon climate 
in the study area was possibly greater than the Eurasia. 

In conclusion, the coastal climate of Shandong Penin- 
sula was characterised by a remarkable warming trend, 
which was on the basis of getting drier over the past 50 
years. This variation in climate, coupled with the in- 
crease of the exploitation of water resources, will inevi- 
tably reduce the river runoff and sediment load into the 
coastal area [50-53]. Correspondingly, it will exert far- 
reaching effects on the hydrological regime and sediment

namic conditions of the bay and estuary: this will be 
the focus of further research. 

6. Conclusions  

The variation characteristics of both precipitation and 
temperature in Shandong Peninsula of China over the 
past 50 years have been studied in this paper. The major 
conclusions are:  

1) The annual mean temperature of Shandong Penin- 
sula showed a significant inc
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abrupt change was detected around 1990 during the past 

o. Z2008E03);
ning Project of Higher Edu-
, China (No. J09LE07); Sci-

5 decades. The change characteristics observed in annual 
minimum temperature was basically consistent with the 
annual mean temperature throughout the study area, ex- 
cept the Haiyang Station, which has an earlier transition 
point at 1972. The annual maximum temperature exhi- 
bited a very complex change trend. Some stations showed 
a slight upward trend for the annual maximum tempera- 
ture, while the opposite trend was observed in the other 
stations, but they were all statistically insignificant and 
no abrupt change was observed. Therefore, the direct 
cause that leads to the warming of Shandong Peninsula 
for the last 50 years was the significant increase of the 
annual minimum temperature.  

2) The variation characteristics of precipitation, from 
June to September, seem to be in good agreement with 
the annual precipitation in Jiaodong Peninsula over the 
past 50 years. They showed a decreasing trend conform- 
ably, but the decreasing trend was significant at a few 
stations. The transition points of annual precipitation and 
June-September precipitation at most stations were de- 
tected around 1980, while a few stations showed an ear- 
lier transition point at 1966. The reduction in the June- 
September precipitation was responsible mainly for the 
decrease of annual precipitation. Meanwhile, the propor- 
tion of June-September rainfall of the whole year de- 
clined slightly, but it was not significant. 

3) The temperature increasing collocated with pre- 
cipitation decreasing in Shandong Peninsula over the past 
50 years. However, the abrupt change of precipitation 
was delayed for about 10 years, after the temperature. 
The variation characteristics of temperature in Shandong 
Peninsula was basically consistent with most parts of 
China, with the exact transition point being almost syn- 
chronous, but warmed at a faster rate over the same pe- 
riod; and the decreasing trend of precipitation in Shan- 
dong Peninsula was most significant all over China. 
Within the Peninsula, the abrupt change of temperature 
and precipitation in the Southeast was earlier than that in 
the Northwest; besides, the reduction of precipitation was 
larger in the Southeast while the increase of temperature 
was more significant in the Northwest.  
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