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ABSTRACT 

 

Sunshine Duration (SD) has an important role in climate change or the weather on the earth. Climate change can 

be indicated by changing SD values (dimming/brightening) in recent decades. SD and diurnal temperature range 

(DTR) analysis needs to be done to find out how significant the impact of climate change. The daily dataset from 

1981-2019 of SD, DTR, Tmean, Tmax, Tmin, and rainfall in Pontianak, West Kalimantan, is analyzed with Continuous 

Wavelet Transform (CWT) and wavelet coherence (WTC). Results of CWT using the Morlet wavelet SD have a 

dominant period of 8-16 months. DTR has a dominant period of 8-16 months and 32-64 months. The increase in 

SD indicates that Pontianak is in a brightening period caused by changes in the characteristics of clouds and 

aerosols. It causes an increase in the amount of solar energy reaching the earth's surface. Climate change has been 

detected by the decrease in DTR. A negative correlation was found between DTR and SD (r = -0.80). DTR is a 

very good indicator of climate change because of its sensitivity to radiative energy balance. Changes in SD have 

a significant impact on Tmean, Tmax, and Tmin. The increase of Tmin, faster than Tmax, causes a decrease in DTR. Tmin 

is predicted to be higher. Tmean and Tmax have dominant periods of 8-16 months, while Tmin has dominant periods 

of 12-20 months and 32-64 months. The increase in temperature detected during this period is associated with 

peatland forest fires in Kalimantan. This condition occurs due to the effect of the brightening period and increasing 

concentrations of greenhouse gases in the atmosphere. Rainfall is detected in the period of 4-8 months and 8-16 

months. The drought associated with the El Nino event resulted in a large amount of rainfall deviation from normal.  

Keywords: Sunshine duration, diurnal temperature range, climate change, CWT, WTC. 

 

 

1. Introduction 

 

The sunshine duration (SD) can be attributed to 

climate change [1]. SD is an insolation force that 

exceeds a threshold value of 120 W/m2 [2]. Climate 

change is becoming a very important and widely 

discussed topic. There are several things that can be 

used as a reference to see the characteristics of 

variability and climate change. The most likely to be 

felt are changes at the local level, such as an increase 

in the frequency of extreme events, changes in 

rainfall, and changes in daily minimum and 

maximum temperatures above the average [3,4,5]. 

 

The uneven reception of the amount of solar radiation 

for each surface of the earth causes differences in 

climate between one region and another. SD is one of 

the indicators of solar energy that plays an important 

role in the climate or weather on the earth. Today, the 

issue of world climate change is linked to changes in 

SD values in the dimming/brightening period of 

recent decades [6,7]. Diurnal Temperature Range 

(DTR) is an important indicator of climate change 

due to its sensitive nature to changes in the radiant 

energy balance [8,9]. DTR is the difference between 

the daily maximum temperature (Tmax) and the 

minimum temperature (Tmin) [10]. In most areas of the 

world, a faster increase in Tmin than Tmax will lead to 

a decrease in DTR. The increase in temperature is 

thought to be due to the influence of the brightening 

period and an increase in the concentration of 

greenhouse gases in the atmosphere. The dimming 

period, the DTR value is greater than during 

brightening period. This indicates that during the 

brightening period, the difference between Tmax and 

Tmin was not very large. The reduction in DTR 

observed over the last century is enormous and 

unlikely due to natural variability alone [11]. 

 

SD and DTR have a strong correlation [12,13]. The 

larger SD and higher measured temperature with 

cloud cover can make low temperatures on that day. 

Temperature, cloud cover, relative humidity, duration 

of solar irradiation, and precipitation data are used in 

estimating the solar energy radiation received by the 

earth [14]. In the context of climate change, one of the 

most obvious consequences is a change in the water 

cycle that essentially affects precipitation patterns. 

Cloud cover and rainfall were identified as the main 

causes of DTR reduction. Clouds and rainfall can 

reduce Tmax by reducing solar radiation to the earth's 

surface during the day and increasing Tmin at night, 

thus affecting DTR. Atmospheric circulation, 

greenhouse gases, aerosols, and land cover/land-use, 

can also impact DTR. 

 

DTR is considered an indicator of climate change 

because of its sensitivity to radiant energy balance 
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[11]. States that DTR changes are identifiable 

characteristics of recent climate change and also 

provide a diagnostic index for evaluating global 

climate models. The trend of global average warming 

on land has been attributed to asymmetric changes in 

Tmin and Tmax. Therefore, DTR has decreased globally 

over the past fifty years due to relatively stronger 

increases in daily minimum temperature (Tmin) than 

daily maximum temperature (Tmax). Tmin is closely 

related to the flux of longwave radiation, whereas 

Tmax is largely determined by shortwave radiation. 

Therefore, the DTR trend is useful for diagnosing 

recent climate change. 

 

Pontianak is located in West Kalimantan and crossed 

by the equator. It has a wet tropical climate, with 

rainfall evenly distributed throughout the year, with 

peak rain occurring in March and October. The 

average rainfall ranges from 200 to 350 mm per 

month, air pressure ranges from 1,010 to 1,012 mb 

per month, and solar irradiation ranges from 40 to 60 

percent per month [15]. Kalimantan is an island that 

has vast peatlands, and the stability of these peatlands 

has important implications for climate change. 

Tropical peatlands will contribute significantly to 

global carbon emissions in the future, except by 

mitigation, restoration, and rehabilitation. 

 

Previous study shows that the average duration of 

solar irradiation in the Pontianak area is 8 hours [16]. 

The average solar energy potential reaches more than 

60%, and the duration of solar irradiation is about 2-

4 hours per day. Based on data between 1990 and 

2019, there is a duration anomaly of solar irradiation 

in West Kalimantan in the dry season of 1997 due to 

forest and land fires corresponding to El Niño events 

[17]. The annual average SD value at Supadio 

Pontianak station in 2010-2019 was higher than the 

previous year.  

 

This study aims to investigate the relationship 

between SD and DTR on climate change in 

Pontianak, Indonesia, using Continuous Wavelet 

Transform (CWT) and Wavelet Coheren (WTC) 

analysis. 

 

2. Methods 

 

We used secondary data from the Supadio Pontianak 

Meteorological Station (World Meteorological 

Organization this station 96581), downloaded from 

www.ogimet.com. We used daily data of SD, Tmax, 

Tmin, Tmean, DTR, and rainfall during 1981-2019. The 

daily data is converted into monthly average and 

annual average data. Monthly and annual average 

data is used to identify the maximum and minimum 

distribution of data fluctuations and what causes those 

fluctuations to occur. Furthermore, data analysis is 

carried out by wavelet transformation. 

 

In recent years, signal processing methods have been 

widely used in environmental studies, especially in 

atmospheric science and hydrology. More recently, 

wavelet analysis techniques analyzed data for local 

and global climate change and revealed the active 

frequencies in the time series and their changes over 

time [18]. 

 

Periodicity plays an important role in climate 

reconstruction. The periodicity of time series in 

climatology has been widely analyzed using the 

wavelet method [19]. This periodicity has been 

recognized as an important component in predicting 

and recommending adaptation to future climate 

change both regionally and globally. Wavelet 

analysis includes Continuous Wavelet Transform 

(CWT) and Wavelet Coheren (WTC).  

 

Wavelet transformation is a spectral analysis method 

that can analyze non-stationary time series (e.g., 

atmosphere and hydrology) by analyzing trends and 

dominant time scales that affect data so that it is 

useful for interpreting cyclical patterns in 

environmental data [20]. A wavelet transformation is 

the convolution of a wavelet function with a signal. A 

wavelet transformation essentially quantifies the 

local match of a wavelet to its signal. If the wavelet 

corresponds to the shape of the signal well at a certain 

scale and location, then the transformation value 

obtained will be large and vice versa. CWT spectral 

wavelets exhibit intermittent oscillations of the time 

series. Wavelets can be characterized by functions 

localized in time and frequency. The variation of 

wavelet transformations depends on dilation (related 

to frequency information) and translation (related to 

time information). Wavelet Coherence (WTC) 

between two CWT can determine significant 

coherence between two-time series. Using WTC will 

obtain information about phase differences when 

using complex wavelet functions. The phase 

difference can be calculated using the imaginary part 

and the real part of the Cross Wavelet Transform 

(XWT) separately [21]. A positive (negative) 

correlation between two-time series in the time-

frequency domain shows an in-phase (out-phase). 

The phase information will be plotted on wavelet 

coherence and indicated by the direction of the arrow 

in radians. 

 

3. Result and Discussion 

 

Wavelet analysis is a method commonly used to study 

periodicity in climate time series. The CWT with 

Morlet wavelet as the mother function (Figure 1a-f) 

has produced strong results in climate analysis. In this 

analysis, the CWT was used to calculate the wavelet 

spectrum at the time-frequency space in Pontianak, 

West Kalimantan in 1981-2019. The x axis shows the 

time domain while the y axis shows the period 

(month).  
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(a) Wavelet power spectrum (Morlet) of monthly average of SD 

 
(b) Wavelet power spectrum of monthly average of Tmax  

 
(c)   Wavelet power spectrum of monthly average of Tmin 

 
(d) Wavelet power spectrum of monthly average of DTR 

 
(e)    Wavelet power spectrum of monthly average of Tmean  

 
(f)    Wavelet power spectrum of monthly average of rainfall  

 

Figure 1. Wavelet power spectrum (Morlet) from 

the Continuous Wavelet Transform 

(CWT) of (a) SD, (b) Tmax, (c)Tmin, (d) 

DTR, (e) Tmean and (f) rainfall data from 

1981-2019. 

 
Figure 2. Distribution of the monthly average of 

SD in 1981-2019. 

 

Wavelet power spectrum (Morlet) from the 

Continuous Wavelet Transform (CWT) will show the 

intermittent oscillation of the time series. Figure 1a-f 

shows the power (absolute value square) of the 

wavelet transformation for the data of each of the 

respective parameters on this study. The absolute 

value of this square gives information about the 

relative force on a given scale and time. Figure 1a-f 

shows a significant peak at a level of certainty above 

95% for the global wavelet spectrum, assuming red-

noise, depicted by the Cone of Influence showing the 

area in the time-frequency space. Because it relates to 

a limited time line, errors will occur at the beginning 

and end of the wavelet power spectrum. 

 

Monthly and annual SD distribution (1981-2019). 

SD is the energy of the solar radiation that reaches the 

earth. The intermittent oscillation of the SD (Figure 

1a) with a period of 4-8 months (centered on 6 

months) was significant in 1997, in the period of 8-16 

months (centered on 12 months) was significant in the 

years 1900-1992 and 2002-2003. Then, the 

oscillation with a period of 6-24 months (centered on 

12 months) was significant in 2015-2017. It can be 

said that the SD time series has strong annual signals 

and fluctuations. 

 

Distribution of the monthly average SD in 1981 to 

2019 can be seen in Figure 2.  Figure 2 shows that in 

general, the lowest monthly SD rate in Pontianak with 

around 32% occurred in December. Meanwhile, the 

highest monthly SD rate with about 47% occurred in 

July. On the other hand, the annual SD rate in 

Pontianak is shown in Figure 3. The lowest annual SD 

value for the period of 1981 to 2019 was 1,357.7 

hours in 2017, while the highest annual SD value with 

2,128 hours occurred in 2019. The lowest monthly 

average was found in July 1991 at 36.2 hours. 

 

The lowest recorded SD was in 1997 (1.554.4 hours 

per year) since 1991-1998. SD declines also occurred 

in 1999-2003. In 2015, the calculated SD reached 

only 1,799.5 hours while in 2014, it reached 2,009.5 

hours per year. SD increased in 1991-1992 from 

1,411.6 hours per year to 1,723 hours per year. A 

sharp increase was recorded in 2010-2011 by 1,718.8 

hours/year to 2,012.6 hours per year. However, 

generally SD experienced an increase from 1981-

2019 (Figure 3).  
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Figure 3. Distribution of annual average of SD, 

rainfall and DTR in 1981-2019. 

 

This is the first study which discusses the duration of 

solar irradiation and diurnal temperature range on 

climate change in Pontianak, Indonesia. DTR is 

sensitive to changes in the radiant energy balance, 

which makes DTR an important indicator of climate 

change. A negative correlation was obtained between 

DTR and SD in Pontianak during the observed time 

series (r = -0.80). The increase in SD value in 1981-

2019 indicates that Pontianak is in a brightening 

period (Figure 3) caused by changes in the 

characteristics of clouds and aerosols. This 

brightening leads to an increase in the amount of solar 

energy reaching the earth's surface. Changes in SD 

have a significant impact on Tmean, Tmax, and Tmin 

because temperatures are sensitive to changes in SD. 

A faster increase in Tmin than Tmax causes a decrease 

in DTR.   

 

Climate change can be identified by the average 

change or variability of its traits over a long period of 

time, usually decades [22]. Weather is defined as a 

nonlinear dynamic system of atmosphere, the state of 

air in the atmosphere at a particular time and place 

that is erratic and variable in nature, while climate is 

the average state of weather. The climate is quite 

stable and predictable. 

 

Changes in the duration of solar irradiation. The 

change in the average value of the SD is clearly 

visible in the time series analysed in 1981-2019. 

Generally, the annual and monthly periods are 

divided into four periods: 1981-1990, 1991-2000, 

2001-2010 and 2011-2019. The average value of SD 

in Supadio Pontianak increased in the period of 2011-

2019 compared to the previous period which reached 

2.099.4 hours per year (Figure 4a). The change in the 

value of the SD monthly rate has a pattern similar to 

the annual average (Figure 4b). The monthly average 

SD scores in periods of 1981-1990, 1991-2000, 2001-

2010 and 2011-2019 were 124.14 hours, 139.49 

hours, 145.91 hours and 160.88 hours respectively. 

Then, it can be inferred that the duration of solar 

irradiation was increasing.  

 

In addition, there was a sudden decline in SD values 

that began in 1986-1991, and then in 1994-1998. 

According to the research [17], it is mentioned that 

the land coverage declined drastically between 1991 

and 2001 in the area of Kubu Raya where dense forest 

areas were transformed into people's settlements and 

forests [23]. The condition is believed to be the cause 

of the change in SD values in Supadio Pontianak. 

 

From the SD time series of 1981 to 2019, there was a 

period of enlightenment that can be described as an 

increase in the value of SD. It is known that the period 

of inflation and enlightenment is associated with the 

interaction of solar radiation primarily with aerosols 

and clouds as they pass through the Earth's 

atmosphere on their way to the surface of the Earth. 

Therefore, the cause of the change in the amount of 

solar radiation measured on the earth's surface over 

the years is related to the Earth's atmospheric system 

(atmospheric circulation). 

 

Many scientists [24] and [25] mentioned that the 

1960-1985 period of global dimming due to 

measurements carried out during that time at many 

locations around the world showed a decrease in the 

intensity of solar radiation of about 4%. The decrease 

in the amount of solar radiation received on the 

Earth's surface may have been associated to the 

accumulation of black carbon and aerosols in the 

atmosphere, both of which are products of human 

activity, as the highest concentrations of such 

substances are found in urban areas. In addition, 

changes in cloud characteristics resulted in an 

increase in the amount of solar energy reaching the 

Earth's surface from some regions of the world. A 

study of this global climate model found that 

greenhouse gases, aerosol sulfates, and solar 

variability may all have important roles in the climate 

change of the twentieth century. 

 

(a) 

(b) 

Figure 4. (a) Annual average SD and (b) monthly 

average of SD in Pontianak. 
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Figure 5. Annual average SD in Pontianak. 

 

DTR distribution and changes in 1981-2019. DTR 

(Figure 1d) with high power occurred in the period of 

8-16 months and higher periods of 32-64 months in 

1985-1991 and 2000-2002. The highest DTR of the 

year were 11.54 oC and 11.15 oC. However, there 

were also DTR drops of 8.00 oC and 8.54 oC. The 

decrease in the DTR is associated with higher night 

temperatures and increased rainfall intensity.  

 

The lowest monthly average DTR in Pontianak with 

8.2oC occurred in December, while the highest 

monthly SD average with 9.7 oC occurred in August 

(Figure 2). The highest annual average DTR was 

found in 2013 at 7.66 oC. Meanwhile, the highest 

DTR occurred in 1986 at 10.48 oC (Figure 3). During 

the four periods analysed, there was a decrease in the 

DTR from the previous period. The year of 2011-

2019 had the lowest DTR value with 8.65 oC whereas 

in 1981-1990, 1991-2000, 2001-2010, the DTR 

values were 9.51 oC, 9.34 oC and 9.14 oC respectively 

(Figure 5). 

 

DTR as an indicator of climate change. Climate 

change was seen from the decrease in the DTR. We 

found a negative correlation between DTR and SD in 

Pontianak over the observed period of time (r = 0.80). 

Based on the DTR's sensitive nature to changes in the 

energy balance of radiation, DTR is an important 

indicator of climate change.  Meanwhile, SD is one of 

the solar energy indicators that plays an important 

role in the weather or climate on Earth. Because there 

was an increase in the SD value, then it can be said 

that in 1981-2019, Pontianak was in the brigthtening 

period, as mentioned by other researches in the world. 

 

Atmospheric circulation, greenhouse gases, aerosols, 

and land coverage /land use can also affect the DTR. 

For example, aerosols may have a cooling effect on 

Tmax by reflecting solar radiation and affecting cloud 

properties. Greenhouse gases can alter surface energy 

and hydrological balance, thus affecting DTR. DTR 

is directly related to downward shortwave radiation 

(Rsw, d) which has different effects on Tmax and Tmin. 

The effect SD or (Rsw, d) during the day causes Tmax 

(r = 0.738) to be greater than Tmin (r = -0.109) at night. 

The increase in global air temperatures in the last 

century is largely due to increasing concentrations of 

greenhouse gases. Greenhouse gases can also affect 

Tmax during the day and Tmin at night. 

 

The effect of increasing greenhouse gases and 

increasing (Rsw,d) results in a relatively small 

increase in Tmax. Since (Rsw,d)  applies only during 

the day, the greenhouse effect is largely responsible 

for the rapid increase in Tmin. Thus, the increase 

(Rsw,d) results in a Tmax smaller than Tmin and thus 

the DTR becomes lower. In this way, the greenhouse 

effect becomes stronger, so there is a further 

temperature rise. Increased water vapour content can 

lead to increased cloud cover and can also result in 

changes in the amount and type of cloudiness, which 

modify the amount of solar energy that reaches the 

surface of the earth. 

 

Tmax, Tmin and Tmean Distribution  

 

Oscillations with periods of 8-16 months were seen in 

Tmax data (Figure 1b) for 1985-1987, 1990-1993, 

1998-2004, 2008-2013 and 2013-2017. Each year’s 

Tmax value reached 33.01oC, 33.24oC, 33.45oC, 

33.80oC and 33.89oC. Based on Figure 1c, CWT for 

Tmin oscillations with periods of 12-20 months 

(centered on 16 months) was seen in 1987-1989, but 

also seen at higher periods of 32-64 months (centered 

on 48 months) in 1986-1989. Tmin increased 

compared to the previous year and reached 24.48oC 

in 1986-1989. The Increased Tmin was also seen 

consistently and was also associated to the decrease 

in DTR.  

 

We found that the difference between the monthly 

average Tmax and the monthly average Tmin was 

getting smaller. This may indicate that the monthly 

average Tmax with the monthly average Tmin does not 

have such a great difference. So, it is known that the 

monthly average Tmin in Pontianak, West Kalimantan 

is getting higher and predicted to be higher.  

 

Tmean had significant intermittent oscillations over a 

period of 8-16 months (centered on 12 months) 

(Figure 1e). This time series had strong annual signals 

in the 1982-1987, 1989-1994, 1997-1998, and 2000–

2015. Tmean with high-power distribution indicates 

higher Tmean increases compared to years before or 

after. The highest Tmean each year reached 27.49oC, 

27.58oC, 27.87oC and 28.01oC.  

 

Average daily temperature (Tmean) is generally not 

sufficient to explain or reflect complex climate 

variations even though it is used as a general 

reference to climate change. In fact, average surface 

temperature trends are often caused by changes in 

daily maximum and minimum temperatures [26]. The 

rising Tmean is associated with the extreme increase on 

warm days, extreme decrease oncold days and the 

increase on intensity of rainfall, etc.   
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The high-power distribution detected indicates that at 

that time, the increase in Tmean, Tmax, Tmin, and the 

decrease in DTR were associated with the forest fires 

and peatland fires in Kalimantan. Indonesia's role, 

especially in Western Kalimantan, is crucial in 

suppressing global warming. That should be a 

common concern because West Kalimantan is the 

lung of the world that has a lot of forests that should 

be able to lower the temperature of the air that feels 

hotter and warmer. So, regional and global climate 

change has received significant attention over the last 

few decades. Climate change is a global phenomenon 

occurring worldwide. Climate change is directly or 

indirectly associated with human activities that 

change the composition of the global atmosphere 

such as deforestation, industrialization, and natural 

activity. 

 

The Impact of Rain Patterns on the Duration of 

Solar Irradiation. Strong annual rainfall signals with 

periods of 4-8 months (centered on 6 months) were 

seen in 1982-1983, 1992, 1997-1998, and 2007 

(Figure 1f). A strong spectrum was also shown 

between 2016-2017 with a period of 4-12 months. A 

higher period of 8-16 months (centered on 12 months) 

was seen in 1990-1995. In the year of El Niño, rainfall 

in the dry season can be less than half of the normal. 

This is in accordance with research conducted [27] 

that states that the water vapor content in the 

atmosphere during the dry season tends to be less, so 

that sunlight resistance is reduced which causes the 

SD value to be higher. 

 

Pontianak belongs to the equatorial rainfall pattern 

type. The equatorial rainfall pattern has a bimodial 

monthly rain distribution with two peak rainy seasons 

maximum and almost all months during the year are 

categorized into the rainy season criteria [28]. 

Equatorial rainfall patterns usually occur around 

March and October or at the time of the equinox. 

Equatorial-type rainfall is also associated with The 

Inter-tropical Convergence Zone, or ITCZ in 

Pontianak, showing the highest percentages of SD in 

July and August, while the lowest occurred in 

October and December (Figure 2). It appears that, the 

monthly average of SD during the dry season is 

higher than during the rainy season.  

 

The Impact of the 1997 El Niño on the duration of 

solar irradiation. E l Niño has long been associated 

with fire (e.g. 1972-1973, 1982-1983, 1987, 1991-

1992, 1994, 1997-1998, 2002, 2006) [29]. The El 

Niño phenomenon has an impact on regional climate 

variability in the Indonesian region, especially on the 

variability of rainfall, i.e. low rainfall in Indonesia, 

resulting in drought [30]. The ENSO phenomenon is 

a warming period of Sea Surface Temperatures (SST) 

in the Eastern Pacific Equator that significantly 

affects the global climate. Positive SST anomalies in 

the region means that SST is warmer than the average 

climate. ENSO can be known from the Nino SST 

value of 3.4 and the Southern Oscillation Index (SOI) 

[31, 32]. 

 

El Niño also happened in 1991-1992. A decrease in 

1991 rainfall was recorded in July-September (76.6 

mm, 27.5 mm and 65.5 m). The data proves that there 

was a minimum number of rainy days and a minimum 

rainfall in those months.  The same thing happened in 

1994 in July-September with rainfall of 68.1 mm, 

74.8 mm and 10.3 mm respectively. The highest rate 

of SD occurred in 1992 at 1,723 hours/year 

(compared to the previous year at only 1,400 

hours/year), which also coincided with the El Niño 

event.  

 

According to [27], the impact of El Niño in Indonesia 

can cause prolonged droughts that affect increased 

SD rates. The average SD in 1997 corresponding to 

the El Niño event was lower than El Nino in 2015/16. 

The decline in rainfall during the 1997/98 El Niño 

phenomenon was also worse than the 2015/16 El 

Niño [33]. However, during El Niño in 1997/98, 

Indonesia suffered the worst forest and land fires in 

the world [34]. In this study, in August-September 

1997, rainfall recorded 0 mm and 55.4 mm. Despite 

low rainfall during the El Niño event, SD values were 

also low due to forest and land fire smoke (22.6 

hours/month). This was reinforced by research in 

1997 by [35] stating that the air temperature reached 

37oC, the humidity reached below 30% and most of 

the Indonesian territory's precipitation characteristics 

were generally below normal and there were even 

some areas where there was no rain at all. When the 

El Niño phenomenon in 1997 occurred with <50 mm 

rainfall within a 10-day period it caused the worst 

drought in Indonesia. As a result of the drought, 

Indonesia suffered from forest fires.  

 

The drought in Pontianak in 1982 (at the time of El 

Niño) caused rainfall to crumble against normal. In 

July and August, rainfall deviations reached -86% 

and -83% respectively or 26 mm and 30.6 mm 

respectively. Over the past forty years, the El Niño in 

1982-1983 and 1997-1998 have been the most 

powerful and impactful widespread. Since the 

outbreak of the forest fires in 1982, 1987, 1991, 1994, 

1997 and the middle of 1998, it has generally 

occurred initially around July-November. It was then 

followed by rainfall of >150 mm/month until the end 

of 1983 (BMKG processed data).  

 

Pontianak is in the province of West Kalimantan. 

West Kalimantan is one of the provinces affected by 

the most intense forest and land fire smoke during the 

1997 El Niño. This caused the disaster of forest fires 

to be considered as one of the real impacts of climate 

change [37] and has been a major cause of 

deforestation in Western Kalimantan during the 

period of 1989-2008 [38]. 
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In 1997, the average pH of rainwater reached 4.97, in 

which this pH went down compared with the one in 

1996 which reached5.46. It is correlated with the dry 

climate conditions caused by the influence of El Niño 

and the terrible forest fires that have caused increased 

levels of pollutants both gas and dust in the 

atmosphere, thereby reducing the quality of 

rainwater. This decrease in pH occured in May, June 

and July with an average pH below 5.6. Pontianak 

was a region that at that time had a pH below 5.6 [35]. 

The Indian Ocean Dipole (IOD) can also affect 

drought in Indonesia and therefore the frequency of 

fires will also increase [39]. If associated with 

increased climate variation, this land displacement 

also often leads to forest fires [29]. Tropical forest 

fires increase the vulnerability of ecosystems to fires, 

leading to more frequent and severe fires from carbon 

absorbers to sources of carbon.  

 

Widespread forest fires linked to the ENSO droughts 

in 1994, 1997 and 2002 affected cotton land in 

Sumatera, Kalimantan and West Papua. This caused 

cotton carbon reserves to decline rapidly and 

transfered large amounts of carbon to the atmosphere 

which causedsignificant implications for climate 

change. It is estimated that extreme seasonal 

precipitation associated with ENSO events in the 

future tends to become clearerand may lead to 

reduced water supply and increased likelihood of 

peatland fires.  

 

In addition to the rainfall deficit, in October 1991-

April 1992 and 1995, it was detected that the rainfall 

level was >150 mm/month. The year of 2007 also 

experienced precipitation of >150 mm/month, except 

in February (91.7 mm) and August (124.6 mm). 

Increased rainfall intensity (although with some 

regional variation) in the future climate towards an 

increase in greenhouse gases is one of the early 

models of extreme rainfall.  

 

In addition to the annual period, the half-year renewal 

period associated with the ITCZ is also visible. ITCZ 

is an area with a very high potential for active rain 

clouds growth, so the likelihood of precipitation is 

very high. When ITCZ   passes through Indonesia, the 

probability of causing rainfall in those months 

becomes high. So it becomes logical when the semi-

annual frequency (periodicity 6 months) and the 

annual frequency (12 months) show high values. 

However, this could be disturbed by the occurrence 

of the El Niño phenomenon and possible anomalies 

related to the sea level in the tropical Atlantic Ocean. 

In this year of El Niño, it can cause a significant 

reduction in rainfall. 

 

Wavelet Coherence analysis (WTC). This section 

discusses information about phase differences when 

using complex wavelet functions.  Phase differences 

can be calculated by using the imaginary and real 

parts of the Cross Wavelet Transform (XWT) 

separately or better known as the Wavlet Coherence 

(WTC) which can determine significant coherence 

between two-time series [40]. In the plot wavelet 

coherence, strong correlations with values close to 1 

are marked with a red colour while low or non-

correlation with a value close to 0 is shown by the 

blue colour in the figure.  

 

The wavelet coherence plot comes with a phase 

difference. The phase difference is indicated by the 

arrow on a significant area in the wavelet coherence 

plot. The right arrow in a time series describes a 

positive correlation where both time series move in 

the same phase, whereas the left arrow indicates the 

times series moving in the opposite phase (negative 

correlation). The up arrow means the first time series 

precedes the second time series in positive correlation 

(phase) and the latter time series precedes the first line 

in negative (opposite phase). Instead, the down arrow 

indicates the second time series precedes the first-

time line in positive correlation (phase) and the first 

time series precedes the second time series in 

negative correlations (opposite phase).  

 

Based on the plot wavelet coherence (Figure 6a-b), it 

is seen that the SD time series has a correlation with 

Tmean and Tmax shown with values close to 1 or marked 

with red power. SD, Tmean and Tmax generally moved 

in the same phase. The greatest concentration was in 

the period of 8-16 months (centered on 12 months) 

that shows this time series had strong annual signals 

in 1982-2015. 

 

SD changes have a significant impact on Tmean and 

Tmax or, in other words, Tmax is sensitive to SD change 

[41]. Then, the two-time series moved in opposite 

phases where the arrow down to the left with the first 

time series (SD) precedes the second time series of 

time (Tmax) in a higher period (24-48 months) in 1994-

2001 (Figure 6b). There is a strong positive linear 

correlation between SD, Tmean and Tmax (marked with 

r = 0.76 and r = 0.74). Based on research [42] reports 

that there has been a decadent change in SSR 

observed since the second half of the 20th century. 

SSR variations have the potential to significantly 

affect the climate system [43], changes in temperature 

on the Earth's surface [44] and hydrological cycles.  

 

SD and Tmin (Figure 6c) are in the same phase as the 

SD time series preceding Tmin in the 8–16-month 

period (centered on 12 months) in 1992-1996 and 

2007-2011. However, it was also found that both time 

series moved in opposite phases with the upper left 

arrow in the period of 8-16 months in 2000-2004 and 

the higher period of 24-48 months in 1997-2005 as a 

negative correlation because Tmin is usually a night 

temperature that is slightly affected by solar radiation. 
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(a) Wavelet coherence SD and Tmean 

(f) Wavelet coherence rainfall andTmean 

 
(b) Wavelet coherence SD and Tmax (g) Wavelet coherence rainfall and Tmax 

(c) Wavelet coherence SD and Tmin (h) Wavelet coherence rainfall and Tmin 

(d) Wavelet coherence SD and DTR (i) Wavelet coherence rainfall and DTR 

 
          (e) Wavelet coherence SD and rainfall  

 

 

Figure 6. Wavelet coherence in Pontianak, West Kalimantan. Color codes for power range from blue 

(low power) to red (high power). The Y-axis measures the period and the X-axis represents the 

observed time series (1981-2019).  
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Then, SD and DTR (Figure 6d) moved in the same 

phase indicated by the right bottom right arrow in the 

period of 6-16 months in 1983-1988, 1991-1996, 

1999-2006 and 2008-2012.  It was also found to have 

a higher period of 16-48 months in 1997-2001 with 

the DTR time series preceding the SD time series. 

Overall, the results shown describe SD and DTR as 

negative correlations.  

 

The plot of the WTC between SD and precipitation 

(Figure 6e), rainfall and Tmean (Figure 6f), rainfall and 

Tmax (Figure 6g), rainfall and DTR (Figure 6i), are in 

opposite phases that assumes a weak correlation 

between the parameters. It was also reported by the 

IPCC that the decrease in the DTR is associated with 

higher night temperatures and increased precipitation 

intensity resulting in a negative correlation between 

precipitation and DTR. Cloud cover and precipitation 

have significant effects on the surface's energy and 

hydrological balance and are therefore widely 

identified as the leading causes of DTR reduction.  

Clouds can reduce Tmax by reducing shortwave 

radiation that comes to the Earth's surface during the 

day and increase Tmin by blocking longwave radiation 

coming out at night, thereby negatively affecting the 

DTR [45]. In other words, rainfall can reduce Tmax and 

DTR through evaporative cooling. 

 

SD and rainfall are in opposite phases (negative 

correlation) where the rainfall time series precedes 

the SD time series (Figure 6e). The negative linear 

correlation between SD and precipitation is r = -0.69. 

The opposite phase is indicated by the upper-left 

arrow with a low period of 4-16 months in 1991-

1995. It was also seen with a higher period of 8-16 

months in 2001-2005 and a period of 16-32 months 

in 1995-2001. The SD time series precedes the 

rainfall time series indicated by the bottom-left arrow 

with a period of 8-16 months in 2008-2012.  

 

Plot of the WTC between rainfall and Tmean (Figure 

6f) with a period of 8-16 months (centered on 12 

months) with arrows to the top left in 1982-1985 and 

2008-2012 while arrows down left in 1990-1995 and 

2000-2005. Besides, it was also seen in a higher 

period of 24-48 months with two observation areas 

moving in the same phase marked by the upper right 

arrow that occurred in the years of 1984-1986 and 

2007-2012. In general, the results shown describe 

rainfall and Tmean as a negative correlation r = -0.48. 

Next, the Tmax time series precedes the rainfall time 

series in negative correlation (Figure 6g). Rainfall 

and Tmax are at the opposite phases that the arrow 

indicates to the top left and the bottom left. The period 

of 6-16 months occurred in 1983-1985 and 2007-

2012. Besides, in a period of 8-16 months with a 

bottom-left arrow occured in 1989-1995 and 2000-

2005 (the rainfall time series precedes the Tmax time 

series). These two-time series were also found to 

move in the same phases indicated by the upper-right 

arrow in a period of 16-48 months with longer time 

occurring in the years of 1984-1991 and 1993-2012. 

 

Observation of the rainfall time series and Tmin 

(Figure 6h) moved with the same phase (positive 

correlation) marked by the bottom right arrow with a 

period of 4-8 months in 1986-1987, then, with a 

higher period of 8-16 months in 1997-2004. These 

two-time series also moved together in 2004-2007 

and 1990-2000 with periods of 4-8 months and 24-32 

months respectively. The opposite phase of the 

rainfall time series preceding the Tmin time series was 

seen at a frequency of 8-16 months in 1990-1995. 

Furthermore, the wavelet coherence that occured at 

rainfall and DTR (Figure 6i) moved in opposite 

phases on almost all scales and times marked with 

arrows to the left (negative correlation with r = -0.84).  

The DTR time series precedes the rainfall time series 

with periods of 4-6 months in 1985-1987, 1996-1997, 

2004-2006 and 2014 and next, with a period of 2-16 

months in 1982-1984, 1986-1995, and 2007-2012. It 

was also seen in 1995-2005 and 2007-2012 with 

higher periods of 8-32 months and 32-48 months, 

respectively. 

 

4. Conclusion 

 

Climate change has been seen from the decrease in 

DTR.  Based on this research, negative correlation 

was found between DTR and SD in Pontianak over 

the observed period of time (r = -0.80). DTR are 

sensitive to changes in the energy balance of radiation 

so DTR is an important indicator of climate change. 

SD becomes an indicator of solar energy that plays an 

important role in weather or climate on earth. Due to 

the increase in SD value in 1981-2019, it can be said 

that Pontianak, Indonesia was in a period of 

brightening caused by changes in the characteristics 

of clouds and aerosols leading to an increase in the 

amount of solar energy reaching the surface of the 

earth. Intermittent oscillations SD dominates 8-16 

months (centered in 12 months) while DTR has a 

dominant period of 8-16 and 32-64 months. SD 

changes have a significant impact on Tmean, Tmax and 

Tmin because they are sensitive to temperature 

changes in SD. A faster increase in Tmin than Tmax 

causes a decrease in DTR.  

 

Analysis of wavelet using CWT and WTC in the time 

series in Pontianak is able to show an important part 

of the recent global warming (1981-present). The 

Tmax and Tmean time series have strong annual signals. 

Tmax oscillation, with a period of 8-16 months 

(centered on 12 months) was seen in 1985-1987, 

1990-1993, 1998-2004, 2008-2013 and 2013-2017. 

Tmin with a period of 12-20 months (centered on 16 

months) was seen in 1987-1989. Tmean was significant 

over a period 8-16 month (centered on 12 months). 

This time series has strong annual signals of 1982-

1987, 1989-1994, 1997-1998, and 2000-2015.  



JURNA METEOROLOGI DAN GEOFISIKA VOL. 24 ED. 2 2023: 65 - 76 
74 

The difference between the monthly average Tmax and 

the monthly average Tmin is getting smaller. This may 

indicate that the monthly average Tmax with the 

monthly average Tmin does not have such a distant 

difference. So, it is known that the monthly average 

hour in Pontianak, West Kalimantan is getting higher 

and predicted to be higher. 

 

The rainfall during El Niño in August-September 

recorded at 0 mm and 55.4 mm. Although rainfall was 

low during El Niño events, the SD values were also 

low due to coverage forest and land fire smoke cover 

(22.6 hours/month). Widespread forest fires 

associated with the ENSO droughts in 1994, 1997 and 

2002 affected peatlands, resulting in rapidly 

decreasing crab carbon reserves and transferring large 

amounts of carbon to the atmosphere. These events 

have significant implications for climate change.  

 

Suggestion 

 

Changes in SD to other climatological parameters 

will be visible if there is data of period dimming and 

brightening of a region or the years of 1950-1980 and 

1981-2019. Since there is still a minimum of research 

on this, it is suggested that this research can be 

continued in each region so that the impact of climate 

change and global warming in Indonesia will be seen.  
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