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ABSTRACT 

One of the requirements to predict earth climate change over a long time is by 

monitoring thin ice doud microphysical properties such as doud optical depth (COD) 

accurately. COD T, Is measurement of cloud transparency and it depends on the 

cloud thickness of vertical depth and moisture density. Previously, langley calibration 

method was widely used to calibrate ground based instrument, but this calibration 

method have to take place at high altitude for stable atmosphere. For long time COD 

monitoring purpose, this calibration method is not effiCient in terms of accessibility 

and economic prospect. Therefore, the purpose of this study is to develop spectra 

COD calibration constant at near- sea- level by using Perez Du- Mortier model and 

selected wavelengths is 470nm, 500nm, and 5SOnm. Data collection for calibration 

constant development has been conducted on April and May 2012 from 0640 to 0830 

with every 3 minute time interval. After all required data was obtained, filtration 

process is conducted using PDM to select only clear data to form langley plot for 

each wavelengths in order to obtain calibration constant k. Measurement data for 

COD retrieval was conducted on February 2014 from 0900 to 1400 with every 10 

minute time interval in 5 days. calibrated COD reading for these 5 days is obtained 

by applied calibration constant k, within COD algorithm and results for COD 

measurement for these 3 wavelength fall within 0.56 until 1.70. Validation process 

was conducted by comparing broadband COD values measured by spectrometer and 

pyranometer. Data collection for validation purpose was collected on February 2014 

from 0900 to 1400 with every 10 minute time interval in 5 days for entire wavelength 

and using same method like spectra COD retrieval. Results show minimum and 

maximum reading for calibrated broadband COD measured by spectrometer is 0.61 

and 1.67 respectively. Meanwhile, minimum and maximum reading for pyranometer 

is 0.36 and 1.68 respectively. Broadband COD reading between these two 

instruments has slightly differences but their reading still dose to spectra COD. It can 

be concluded that this proposed calibration method is feasible in calibrating ground 

instrument to measure cloud optical depth at low altitude because it gave a positive 

result as the reading for spectra and broadband COD after using calibrated 

instrument fall within the average scale for thin Ice cloud optical depth in tropical 

area which is below than 2 and this results is supported by previous research. 
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ABSTRAK 

Salah satu keper/uan untuk meramal perubahan iklim bumi untuk jangka panjang 

ialah dengan memantau ciri- ciri fizikal mikro awan nipis berais seperti kedalaman 

optik awannya. Kedalaman optik awan (COD) T, adalah transperansi sesuatu awan 

dan bergantung kepada ketebalan vertikal awan dan densiti kelembapan 

atmosphera. kaedah penentukuran Langley telah banyak digunakan untuk 

menentukur pelbagai instrument Tetapi, untuk pemantauan kedalaman optik awan 

bagi jangka masa panjang, kaedah Langley ini tidak sesuai digunakan kerana ia perlu 

dilakukan di kawasan tanah tinggi dan hal ini mendatangkan masalah dari segi 

kemudahan dan ekonomi. Oleh itu, tujuan kajian Inl dijalankan adalah untuk 

membentuk algoritma penentukuran untuk mengira ketebalan optik awan spektra di 

kawasan paras laut menggunakan spektrometer. Pembentukan algoritma 

penentukuran didalam kajlan ini akan menggunakan model Perez Du- Mortier (PDM) 

dan jarak gelombang dipilih ialah 47Onm, 500nm, 550nm. Pengumpulan data untuk 

algorithma penentukuran telah dijalankan pada April dan Mei 2012 jam 0640-0830 

dengan setiap selang masa 3 minit Selepas semua data yang diperlukan diperolehi, 

proses penapisan menggunakan PDM dijalankan untuk memilih data yang cerah 

untuk membentuk Langley plot bagi setiap jarak gelombang bagi mendapatkan 

algorithma penentukuran k. Data pengukuran COD telah dijalankan pada bulan 

Febroari 2014 pada 0900-1400 dengan selang masa 10 minit selama 5 hari. 

Algorithma penentukuran k telah digunakan didalam penggiraan COD dan keputusan 

menunjukan bacaan dlantara 0.56 hingga 1.70. Proses pengesahan telah dijalankan 

dengan membandingkan nilai COD jalur lebar yang diukur oleh spektrometer dan 

pyranometer. Pengumpulan data untuk proses Inl dijalankan di bulan Februari 2014, 

jam 0900-1400 dengan selang masa 10 minit untuk 5 hari bagi keselurohan panjang 

gelombang. Keputusan menunjukkan jalur lebar COD yang diukur dengan 

spektrometer berada diantara 0.61 dan 1.67. Sementara nilai yang ditunjukan 

pyranometer adalah diantara 0.36 dan 1.68. Bacaan jalur lebar COD antara kedua

dua instrumen mempunyai sedikit perbezaan tetapi bacaan mereka masih hampir 

dengan COD spektra. Ringkasnya, keputusan kajian ini menunjukkan PDM sesuai 

digunakan untuk membentuk algoritma penentukuran Langley pada kawasan paras 

laut kerana nitai COD yang telah dihasilkan berada dalam skala purata awan nipis 

berais di kawasan tropika iaitu bawah daripada 2 dan keputusan ini disokong oteh 
\ 

kajian sebelum ini. 
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CHAPTER 1 

INTRODUCTION 

1.1 PREFACE 

A cloud Is made up of water drops or Ice crystals floating In the atmosphere at 

altitudes ranging up to several miles above the sea. Knowledge about cloud Is quite 

important because cloud play an essential role in establish earth climate system as it 

Involved in earth radiation balance for both visible and infrared spectra. aouds cool 

the earth by reflecting Incoming sunlight and warm the earth by absorbing Infrared 

radiation emitted from earth surface, and reradiating it back down. This redisbibution 

of the radiant energy In the atmosphere depends on three factors. Arst, the presence 

of douds second is the fraction of the sky covered by clouds and third is cloud phase 

and its optical depth (Turner, 2008). Basically, formation of douds occur in the 

earth's atmosphere when water and moist from earth's land surface is evaporates 

Into vapour and rises up Into colder areas of atmosphere by convection process. 

Next, the water vapour will condense onto condensation nuclei which are made up 

from dust or microscopic partides. Cloud become visible after the water vapour has 

been cooled to saturation. 

Ooucls are dassified Into four basic categories and this classification Is made 

based on the altitudes above ground. Orrus douds are high- level douds and can 

reach heights from sOOOm to 13,OOOm, It typically thin, has wispy strands with white 

or grey colour and it was made up from Ice. Presence of this cloud Indicates fair 



weather ... AIto- IP is a mid-level douds form between 2000 m to 7000 m feet and they 

frequently Indicate an approaching storm. Low level douds lay below 2000 m and 

they also known as stratus doud. They are often dense, dark and sometimes look 

like cottony white dumps in the sky. Next is cumulus and cumulonimbus or 

thunderheads doud or also known as vertical growth doud and they can be found at 

the surface and up to 13,000 m. Cumulus douds are fair- weather douds and when it 

become big enough to produce thunderstorms, they are called cumulonimbus. 

Ooud influence earth energy balance in different ways depending on their 

height and characteristics. A doud that is higher in the atmosphere will emit less heat 

to the space compare to doud at lower altitude. In particular, thin ice doud (cirrus 

doud) play it role in warming our earth by regulate longwave radiative energy 

transfer. Therefore, one of the requirement to predict earth dimate change over a 

long time is by accurately monitor thin ice doud microphysical properties such as 

doud optical depth. Cloud optical depth T, is measurement of doud transparency and 

it depends on the doud thickness of vertical depth and moisture density. Plus, it also 

describes how much the doud modifies light passing through it. Many researches 

have been developed to understand the role of doud in dimate change but research 

how optical depth Influences the dimatic changes is still lacking (Min et a/., 2004). 

Many algorithms have been developed to measure doud optical depth but 

development of calibration constant algorithm for ground based instrument is still 

lacking. So this research Is conducted to develop a calibration constant before doud 

optical depth can be retrieved. By developing this algorithm, accuracy of doud optical 

depth can be increased and underestimation of doud optical depth influence by data 

uncertainties can be avoided thus it may help in other research conducted in the 

future especially about the relation between doud optical depth and dimatic 

changes. 

1.2 PROBLEM STATEMENT 

As time passed by, many algorithms has been developed from the complicated to the 

simplest but sometimes, due to several factors, these algorithm failed to measure 

doud optical depth accurately. Some of factor that contributes to this inaccuracy Is 
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unwanted scattered radiance which can cause an overestimate of the doud 

transmission and further lead to underestimation of the doud optical depth value and 

Min etal. (2004) already fixed this problem by develop a technique that can remove 

the contamination of the measured direct transmittance and do a correction for 

forward scattering radiance before estimation of doud optical depth value Is take 

place. Beside that, uncalibrated instrument also lead to inaccuracy In doud optical 

depth value. 

PreviOUSly, calibration for radiometric instrument is performed by using 

standard laboratory lamp. calibration constant Is obtained by determine the absolute 

response of a spectrometer for a given spectral irradiance Inddent of the Instrument 

(Chang et al, 2013). However, this method have a few disadvantages, these lamp 

are not user friendly as they are quite fragile and a bit costly because It has very 

limited lifetime about 50 hours (Slusser et al, 2000). In addition, this method is not 

accurate and precise enough because these lamps have inconsistent uncertainty 

about 1 to 4% In the wavelength from 400 to 1070nm (Kiedron, 1999). 

To Improve this conventional method, a passive calibration is then develop 

and known as Langley method. Basically, this method use solar radiation as a light 

sources which Is more stable than labolatory lamp and calibration process have to 

takes place at the high altitude for dear and stable atmosphere. However, regular 

access to high altitude altitude to get calibration constant for Cloud Optical Depth 

become a problem now because It is not efficient in accessibility and economical 

prospect because recalibration for almost reference Instrument used In monitoring 

network need to recalibrate for every 2 to 3 month cyde (Chang et al, 2013). So, 

the key to this research is to develop a calibration constant for doud optical depth for 

near- sea-Ievel area without going to high altitude. 

1.3 RESEARCH OBJECTIVE 

The objective of this research is to investigate the feasibility of Perez-Du Mortier 

(POM) algorithm in calibrating instrument for doud optical depth measurement for a 

few wavelengths and for the total global Irradiance at near- sea- level. 

3 



This research is divided into two parts; first part is the measurement of 

spectra Ooud Optical Depth by using global irradiance for a few wavelengths by 

using spectrometer and for this measurement part, there are three wavelengths 

used, which are 470, SOO, and 550 nm. As this is only initial study, only three 

wavelengths is selected to study the dependence of doud optical depth with 

wavelength. calibration constant for each wavelength is determined by using POM 

algorithm before the measurement process of cloud optical depth for a specific 

wavelength is take place. 

Part two Is the validation process for the doud optical depth measurement 

and the validation is made by using pyranometer. This validation process is done by 

comparing the broadband Cloud Optical Depth, Tpre measured by spectrometer with 

broadband Ooud Optical Depth, Trel measured by pyranometer. The spectra cloud 

optical depth was assumed to be true if the predicted Ooud Optical Depth, Tpre is 

close to the Ooud Optical Depth reference value, Tre/. 
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CHAPTER 2 

LnERATURE REVIEW 

2.1 INTRODUCTION 

For further knowledge about cloud optical depth field, some infonnation should be 

understood first such as specifics term about solar radiation and explanation about 

these specifics term will be focus more on definition, how it occurs and example. 

Review about three clouds optical depth retrieval method and derivation of cloud 

optical depth algorithm will be included as well for better understanding. 

2.2 SOLAR RADlAnON 

Solar energy received at the Earth's surface can be separated Into two basic 

components: direct solar energy and diffuse solar energy. Direct solar energy can be 

defined as energy that arrived at the Earth's surface with the Sun's beam and diffuse 

solar energy is energy that is a result of atmosphere attenuating, or redudng the 

magnitude of the Sun's beam by scattering. Some of the energy removed from beam 

is redirected or scattered towards the ground. The remaining energy from the beam 

is either scattered back into space, or absorbed by the atmosphere (ABM, 2012). 

The sum of diffuse and direct solar energy inddent on a horizontal plane at the 

Earth's surface is referred as global solar energy and all three quantities (specifically 

their rate or irradiance) are linked mathematically by the following expression 

(Paulescu et al., 2013): 

(2.1) 



Where, G = globallrradiance on a horizontal surface, Gd = diffuse irradiance, Gb = 

direct beam irradiance on a surface perpendicular to the direct beam, and 8% = Sun's 

zenith angle. Radiation quantities are generally expressed in terms of either 

irradiance or radiant exposure. Irradiance is a measure of the rate of energy received 

per unit area, and has units of watts per square metre (W 1m2
). 

Direct solar irradiance or also known as direct normal irradlance Is a measure 

of the rate of solar energy arriving at the Earth's surface from the Sun's direct beam, 

on a plane perpendicular to the beam and diffuse solar Irradiance is a measure of the 

rate of Incoming solar energy on a horizontal plane at the Earth's surface resulting 

from scattering of the Sun's beam due to atmospheric constituents. As diffuse solar 

Irradiance is a component of global irradiance, therefore, diffuse solar Irradiance 

should be less than or equal to global irradiance measured at the same time. Global 

and diffuse irradiance will have equal value when there is no direct solar irradiance, 

which Is when the Sun Is blurred by thick doud, or the Sun Is below the horizon. 

Global solar Irradiance is a measure of the rate of total Incoming solar energy 

(both direct and diffuse) on a horizontal plane at the Earth's surface and the most 

accurate measurement of global solar Irradiance can be obtained by summing the 

diffuse and horizontal component of the direct irradiance. 

2.3 SOlAR RADlAnON PATHWAYS 

Reasons that cause variations In the solar Irradiance Is a pathways they had to past 

once entering the atmosphere and basically, there are five pathways for solar 

radiation to past. They are scattering, transmission, refraction, absorption and the 

final pathways is reflection (Briney, 2013). As the shortwave solar radiations enter 

the atmosphere, this energy will refers as insolation and insolation can be direct or 

diffuse radiation. Solar radiation received on Earth's surface after undergo scattering 

process by atmosphere is known as diffused radiation and solar radiation that has not 

been altered by atmospheriC scattering is known as direct Irradiance. Scattering occur 

when insolation Is deflected or redirected after entering the atmosphere by dust, gas, 

ice, and water vapour present there. If the energy waves have a shorter wavelength, 

they are scattered more than those with longer wavelengths (Ahrens et al.,2012). 
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Transmission take place when both shortwave and longwave energy pass 

through the atmosphere and water instead of scattering interacting with gases and 

other partide in the atmosphere. Refraction also occurs when solar radiations enter 

the atmosphere and this pathway happens when energy moves from one type of 

space to another, such as from air into water. As the energy moving from one space 

to another, It speed and direction is changing because of the Interaction between 

partides present there. Absorption is conversion of energy from one form to another. 

For example, when solar radiation is absorbed by water, its energy shifts to the water 

and raises its temperatlJre. The last pathway Is reflection. This is occur when portion 

of energy bounces directly back to the space without being scattered, transmitted, 

refracted, or absorbed. 

2.4 ALBEDO 

Another important term relating with solar radiation is albedo. Albedo is defined as 

the ratio of reflected solar shortwave radiation from a surface to that incident upon it 

(Strugnell and Lucht, 2001). It Is expresses as a percentage of reflected Insolation to 

Incoming Insolation and zero percent is total absorption while 100% is total 

reflection. In tenn of visible colours, darker colours have a lower albedo that is they 

absorb more Insolation, and lighter colours have high albedo, or higher rates of 

reflection (Briney, 2013). For example, snow reflects 85-90% of Insolation, whereas 

asphalt reflects only 5-10%. Another factor that Influences albedo value is sun angle 

and lower sun angle create greater reflection because the energy coming from a low 

sun angle is not strong as that arriving from a high sun angle. Smoothness of surface 

also gives Impact to albedo value as smooth surface will have higher albedo than 

rough surface. 

In general, albedo values also vary across the globe with latitude but Earth's 

average albedo Is around 31% (Bryan, 2004). For surfaces between the tropics 

(23.SO N to 23.SO S) the average albedo is 19-38%. At the poles it can reach about 

80% In some area. 
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2.5 REVIEWS ABOUT CLOUD OPTICAL DEPTH RETRIEVAL METHOD 

Different approach have been developed to measure doud optical depth by using 

three popular method which is, retrieval with satellite data, Udar, and ground based 

Instrument. Different approach can be selected by depending on the researcher 

target. 

Satellite Is the most accurate option for retrieve doud optical depth because it 

can estimate solar radiation better than ground based instrument. A simple model 

has been developed by Perez et at. (2002) to measure global and diffuse irradiance 

by using geostationary satellite visible image and this new model is partirularty 

effident at correcting possible distortions for global and diffuse Irradiance measure by 

ground based instrument. Satellites also have the ability to retrieve doud optical 

depth for snow area. This method is newly developed and it uses the sensitivity of 

toJH)f-atmosphere (lOA) reflectance In the oxygen A- band to the doud optical 

thickness (Schlundt et a/., 2013). The Cloud optical thickness Retrieval Over Snow 

(eROS) is applies forward simulations for douds over snow using the radiative 

transfer model SOATRAN In order to find the doud optical thickness representing the 

measured TOA radiance for a given doud top height and solar zenith angle. This 

algorithm Is capable to retrieve simultaneously doud optical depth, doud bottom 

height, and the effective albedo of snow by using optimal estimation approach. 

Udar is a remote sensing technology that measure distance by illuminating a 

target with a laser and analyse the reflected light. In the process of retrieval of doud 

optical depth for drrus doud made by Mitrescu and Stephens (2001), laser have 

been transmit through the drrus doud for where the doud optical depth want to be 

retrieved and analyse the back scatters signal using an algorithm. This method has 

high probability to retrieve accurate doud optical depth because the prindple 

advantage for this method Is the radiatively weaker dependence of scattering phase 

function during the retrieval process. An advantage using Udar Is, It can detect 

optically thin doud layer that may not detected by milimiter doud radar or ground 

based instrument and this research already conducted by La et al. (2006), they used 

Miaopulsed Udar (MPL) to retrieve short- wave) doud optical depth for optically thin 

doud. However, Udar method have disadvantage too which is, it cannot retrieve 
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cloud optical depth for thin doud if optically thick cloud obstruct the Udar beam 

because this optically thick cloud will attenuate the Udar beam (Lo et al., 2006). 

Retrieval cloud optical depth by using ground Instrument will measure cloud 

optical depth by using solar irradiance whether spectra irradiance or broadband 

Irradiance and this method have been developed over decade ago. Recently, Barnard 

et al (2003) has proposed a simple empirical equation to calculate cloud optical 

depth using shortwave broadband measurement and this algorithm has been 

emphasis on thick cloud (Barnard et. al., 2003)and thin Ice cloud (Barnard et. al., 

2008). Both of these research used pyranometer for collecting data and this method 

can produce similar result to those using Min algorithm. Min algorithm Is an algorithm 

proposed by Min and Harrison (1996) and the retrieval process Is using data from 

spectral irradiance and this data have been measure by using Multi- Alter Rotating 

Shadowband Radiometer (MFRSR). The uses of Min algorithm for wide variety side is 

limited because It require the total and diffuse component of the spectral irradiance 

at one wavelength, usually 415 nm and unfortunately, this information Is often 

readily unavailable (Barnard et al., 2004) and this limitation has been solved by 

Barnard et al. by using broadband irradiance to retrieve cloud optical depth. 

2.6 CAUBRAnON METHOD 

New Langley calibration method will be used to calibrate spectrometer for this 

research Instead of conventional Langley calibration method and this method has 

been proposed by Chang et. al. This algorithm uses the combination of c1ear- sky 

detection model and statistical filter to constrain the Langley extrapolation to get 

dose as possible to the extraterrestrial constant over a wide range of wavelengths. It 

attempt to produce data set that dose to the high altitude atmospheric. Previous 

research has used this New Langley calibration to calibrate Aerosol Optical Depth 

measurement for near- sea-level (Chang et al, 2013) and assess the solar spectrum 

Intensity of solar radiation In Kota Kinabalu (Natalie, 2013). Conventional Langley 

calibration method also has been widely used before to calibrate UV Alter 

Radiometers (Slusser et. al, 2000) and Sun Photometer (Adler, 2006). 
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2.6.1 Conventional Langley calibration Method 

Optical depth can be compute by the progress of the sun's apparent motion that 

changes the observed path length through the atmosphere (Harrison and Michalky, 

1994). Ground- based instrument will measure the sun's irradiance as the sun moves 

across the sky for significant changes of air mass. Working principle behind this 

method Is, as the solar radiation transmits through the atmosphere, It experiences a 

series of attenuation either by absorption or scattering due to the air molecules or 

solid partides suspended In the atmosphere. 

Mathematically, the attenuation of the sun's direct- beam of particular 

wavelength passing through the Earth's atmosphere is described by the Beer

Lambert law as (Thomason et. aI., 1983) 

(2.2) 

where fA is the direct normal irradiance at the ground (or near-sea-Ievel) at 

wavelength A. R is the Earth-to Sun distance in astronomical units (AU), fo,A is the 

extraterrestrial irradiance at the top of atmosphere (TOA), Tl,f is the total optical 

depth of the ith scatter or absorber, and mt is the air mass of the i-th scatter or 

absorber through the atmosphere. Taking the natural logarithm of both sides, Eq. 

(2.2) can be written as 

(2.3) 

The total optical depth, TA.t in Eq. (2.3) is contributed by Rayteigh, ozone, aerosol, 

and trace gases, which can be written as 

(2.4) 

The optical depth of Rayteigh scattering is approximated using the relationship 

(Knobelspiesse et. al., 2004; Djamila et. aI., 2011) 
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(2.S) 

where kRay(l) is the Rayteigh scattering coefficient, p is the site's atmosphere 

pressure, Po is the mean atmosphere pressure at sea-level and H is the altitude from 

sea- level In meter. Optical depth of ozone is calrulated using satellite observation of 

Dobson unit (DU), which is computed by (Knobelspiesse et al, 2004) 

(2.6) 

Where, Z Is ozone concentration In OU, and ko%(l) is ozone absorption cross section. 

By substitute Eq. (2.4- 2.6) into Eq. (2.3), the uncalibrated pixels, P measured by the 

spectrometer can be written as 

(2.7) 

On a dear day, a Langley plot gives a stable Po). for each wavelength when the data 

are extrapolated to TOA. With suffident data of Po). on several dear days, and 

averaged P o.A(al1g) is obtained by 

(2.8) 

Where, n is the number of Langley plots available for calibration. The calibration 

factor k Is obtained by dividing the averaged extrapolated values with the extratial 

spectrum which is 

(2.9) 
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