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THE POTENTIAL METHODS OF ANALYSING REMOTE
SENSING DATA OF WATER SOURCES IN ALMATY PROVINCE

Abstract. The potential factors that have significance for remote sensing of water resources in Almaty province
are described in the article. In this work the algorithm that can be used to correct new developed methods to analyze
remote sensing data is described. The research target is to find out whether any factors should be considered as
significant during the process of remote sensing of water resources. The research methodologyis based upon episte-
mology and deduction. The practical research significance is defining the atmospheric process correction algorithm
for remote sensing of water sources in Almaty province. The research resultsdefine that the source of the light which
was collected as data during the process of remote sensing has the significance not only for information collection
but also for data analysis.
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The presence of water resources plays the significant role in agriculture [1]. Moreover, absence and
poor supply of water are becoming more and more serious issues [2]. The figure below shows reasons
which may explain why water supply has become an issue in the certain parts of the world.
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Figure 1 — Factors which impact shortage of water supply in the certain parts of the world.

Note: from the sources 3-7.
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The figure above shows that water pollution is one of the reasons which generates less available
drinkable water for population and less clean water for agriculture [3, 4]. Morcover, thegrowth of the
population in the recent years has created pressure on water supply. In addition, focus on economic
development above nature protection interests in developing countries does not help to improve the
situation with water supply [5]. Climate change and desertification are among factors which have both
natural and anthropogenic origins [6, 7]. As a result, one of the aspects of protecting water resources is
maintaining water quality. The table below shows some examples of algorithms for remote sensing to
identify water quality.

The algorithms for remote sensing of water resources in Almaty province

Algorithm Type Result equation(s) Band ratio (R), coefficients (a)

Global processing (GPs) Power Ci3=10(a0+al*R1) R1=log(L,n443/L,n550)
C3=10(a2+a3*Rl) R2 =log(L,n520/L,n550)
[C+P=0C3; a=[0.053, —1.705, 0.522, —2.440]
if Cizand Ci3>15pug L’
then [C+ P]=Cy3

Clark three band Power [C+P|=10(a0+al*R) R=log((L,n443 + L,n520)/L,n550)

K Algorithm

Aiken-C

Aiken-P

0CTS-C

0CTS-P

POLDER
CalCOFI 2 band linear
CalCOFI 2 band cubic

CalCOFI 3 band

CalCOFI 4 band

Morel-1
Morel-2

Morel-3

Morel-4

0C4

ocl

Multiple regression

Hyperbolic + power

Hyperbolic + power

Power

Multiple regression

Cubic
Power
Cubic

Multiple regression

Multiple regression

Power
Power

Cubic

Cubic

Fourth-order

Note: from the sources 8-17.

Abbreviations: 1. C — Chlorophyll concentration (mg m™). 2. a — Absorption coefficient. 4. ¢ — Beam attenuation coefficient.

k(490) = a; + a, " R®
«(520) = b, + b,*R*

Co1=exp(a0+al*In R)
Co3=(R+a2)/(a3+ a4*R)
C=Cy; if C<2.0pgL™"’
then C=Cy3
Cyp=exp(ad+al*In R)
Coy=(R+a2)/(a3+ad*R)
[C+P=Cn

if [C+P]<2.0pg L'
then [C+ P]=Cp4
0210(30 +al*R)

[c e p] — 10«aOoa1'RHa2*R2w

¢ — 10(a0+al"Ria2 R +a8'R°)

c=1 O(aO +al*R)

C= 10(aﬂ+a1‘Rr»a2'Rz+aS‘R3)

C=exp(a0+al*Rl +a2*Rz)

C=exp(a0+al*Rl +a2*R2)

C=10(a0+a1*R)
C— exp("u +al*R1)

C= 10(aﬂ+a1'ﬁia2'1?3+33‘ﬁ3)

C — 10(a0+al R+a2 R*+a3'R°)

Chl—a= 10(30#31'R+32'R21»33'R"’+34'R')

0Cl=Chlg, [for Chlg;<0.25 mg m~2]
0CI = Chloga [for Chig>0.3 mg m~3]
0Cl=a x Ch|oc4 +PBx Ch'c[ [fOI'

0.25 < Chlg < 0.3 mg m~)

3. b — Total scattering coefficient. 5. Ly, — White Cap signal.
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a=[0.745, —2.252]

R=L,(443)/L,(555)
a=[0.022,0.0883, —1.491]

b = [0.44,0.0663, —1.398]
R= L, M90/L,,1555
a=[0.464, —1.989, —5.29, 0.719, —4.

R= L,,n490/L,,n555
a=[0.696, —2.085, —5.29, 0.592, —3.

R=100((L,y7520 + L,,1565)/L,,n490)

a=[—0.55006, 3.497]

R1 = log(L,,mM43/L,1520)

R2 = log(L,,mM90/L,,1520)

a—[0.19535, —2.079, —3.497]

R=l0g(R.A43/R,565)

a=[0.438, —2.114, 0.916, —0.851]

R=1l0g(RA90/R,:555)

a—[0.444, —2.431]

R=log(A,490/R,s555)

a=[0.450, —2.860, 0.996, —0.3674]

R1 = log(R490/R,5555)

R2 = log(R510/R,$555)

a=[1.025, —1.622, —1.238]

R1 = log(R443/R,$555)

R2 =log(RA12/R,$510)

a=[0.753, —2.583, 1.389)]

R=log(R,443/R,:555)

a—[0.2492, —1.768]

R=10g(RA90/R,5555)

a=[1.077835, —2.542605]

R=log(R,443/R,:555)

a=[0.20766, —1.82878, 0.75885,
—0.73979]

R=10g(RA90/R,:555)

a=[1.03117, —2.40134, 0.3219897,
—0.291066]

R = max(Rs443, R490, R510)/Rs55

[a0, al, a2, a3, a4] = [0.366, — 3.067, 1
0.649, —1.532]

Chlgy=10—0.1909-+191.6590*C

Cl = R(555) — 0.5(R(443) + A(670))
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The figure above shows that the empirical algorithms can be used to identify chlorophyll concen-
tration related aspects of water surface which may indicate some aspects of theecological state of water
resources [18, 19].

Another aspect to consider is that water reflectance has animpact on assessing techniques that should
be used onanalyzing data collected through remote sensing [20]. The formula below shows links between
inherent optical properties (IPO) and reflectance from remote sensing:

Ly (0 by \!
Ris ==p — = 18 (ﬁ) (D

Note: from the source 21.

Abbreviations: 1. R,s — Above — surface remote sensing reflectance (Sr—1). 2. L, — Water—
leaving radiance. 3.  E4 — Downwelling irradiance just above the water surface (W m~2 nm™1).
4. a - The total absorption coefficient. 5. by, - The backscattering coefficient. 6. a + by, - The attenuation
coefficient. 7. g; =~ 0.09491.8. g, = 0.07941L

Around 90% of theinformation for remote sensing of water reflectance properties for many projects
often come from scattering the atmospheric layers [21]. Therefore, another factor to consider is the impact
of how sunlight may be scattered through different layers of atmosphere [22].

On the other hand, its impact can be ignored if water-leaving radiance is taken into account which
formula is shown below:

Ly = Ly + ps X Lgey + Liye + Lg 2)

Note: from the source 23.

Abbreviations: 1. L, — The radiance which was collected by the sensor during remote sensing.
2. Ly — Water — leaving radiance. 3. pr X Lgy, - The sky radiance signal which reflected from the water
surface and entered the sensor. 4. Ly, — The whitecap signal. 5. L, — The signal of direct sunlight
reflected by the surface waves. 6. pf — Fresnel reflectance of the water surface.

L. and L, are assumed to be random due to not having water signals [24]. Moreover, pr of thewater
surface in the calm state is assumed to be equal to 0.0022 [25].
The figure below illustrates origins of light that can be received during the process of remote sensing

of water resources.
Sensor ¢
Sun

Radiance collected
by sensor

Atmosphere “? Scattering of

= sunlight within
atmosphere
Reflection of {75 P .
skylight at Reflection of

surface Emergent flux from tll:':l:ltfsl‘:lt‘" beam
below surface .

IS pwand seattering. o
of sunli
SWAter_e %, - 0. within \\%lcr

Figure 2 — Different sources of light that can be captured through remote sensing of water sources in Almaty province.

Note: from the source 24.
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The figure above tries to model observation geometry for different light origins. However, this raises
the question of the total scattering coefficient which formula is shown below:

b=c—a 3)

Note: from the source 25.

Abbreviations: 1. b — The total scattering coefficient. 2. ¢ — The beam attenuation coefficient.
3. a— The absorption coefficient.

Absorption of different water components plays the significant role in defining the current ecologic
state of the water source [26]. However, the figure above also raises the question about remotely sensed
radiance which was defined by the formula 1.

On the other hand, downwelling irradiance just above the water surface is defined by the formula
below:

Eq(0+) = n @ 4
p
Note: from the source 27.
Abbreviations: 1. E4 — Downwelling irradiance just above the water surface (W m~2 nm™1).
2. Lg(A) — The downwelling radiance spectrum. 3. Py~ The reflectance of reference plaque.

If the spectroradiometer is positioned on a boat or ship, then preferable angle of positioning is
between 90 to 135° [28]. Combining remote sensing with collecting date from a ship may give the best
combination for data collection [29].

The figure below shows which parameters of water can be accepted as optical properties for remote
sensing.
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Figure 3 — Parameters that may be considered significant for remote sensing for their optical properties in Almaty province.

Note: from the sources 30-31.
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The figure above shows that reflectance plays significant role in analysing data from the remote
sensing [32]. However, an atmospheric correction of its formula by taking into account its impact into
reflection is more accurate way of measurement which is shown by the formula below:

Le() = Le (W) + La (W) + Lea (W) + TAWLg () + Ly (W) + t()Le (L) + tG) (1 — w)Ly (1) )

Note: from the source 32.

Abbreviations: 1. Ly() — The total radiance received by the sensor during remote sensing.
2. L (1) — Rayleigh scattering radiance. 3. L, (.) — The aerosol scattering radiance. 4. Ly(%) - The
contribution arising from specular reflection of direct sunlight from the water surface. 5. T(h) which is
standing in front of L, () - The direct transmittance of the atmosphere or beam transmittance. 6. Ly, (1) -
The radiance from the bottom of the water. 7. t().) which is standing in front of L; (1) - The contribution
arising from sunlight and skylight reflecting from individual whitecaps on the sea surface. 8. L, (&) - the
reflectance of the water column, or the water-leaving radiance. 9. t().) which is standing in front of (1-w) -
The diffuse transmittance of the atmosphere, which is the attenuation coefficient of the atmospheric
transmission between the satellite and the water surface. 10. w - The rate of area covered by whitecaps.

L, generates nearly 80% of radiance during remote sensing which makes it the most significant
component during the process of the atmospheric correction [33].

L..as a factor has the significance due to acrosol scattering being the second component by size in the
atmospheric correction [34].

On the other hand, the direct relationship between reflectance and radiance is shown below:

p=—= (6)

- Fgcos By

Note: from the source 35.
Abbreviations: 1. p - The total reflectance which was received by the sensor. 2. L — Radiance. 3. F; -
The extraterrestrial solar irradiance. 4. 6, - The solar zenith angle.

Rayleigh scattering reflectance is another factor which may need correction shown by the formula
below:

ch,l = T[Lt,l* / l:OCOSOO - Rr,l (7)

Note: from the source 36.

Abbreviations: 1. R, ; — The Rayleigh corrected scattering reflectance. 2. & — The wavelength of the
satellite sensor spectral band. 3. L* - The calibrated at-sensor radiance after correction for gaseous
absorption. 4. F, - The extraterrestrial solar irradiance. 5. 6, - The solar zenith angle. 6. R, — The
reflectance due to Rayleigh (molecular) scattering estimated using the 6S radiative transfer code.

The flowchart of atmospheric correction process is shown in the figure below (figure 4).

The figure above shows that NIR wavelength plays the significant role in the remote sensing process
of water resources because the following chemical components are visible at NIR [38]:

- CO;

- Nzo,

- CHy;

- CO,.

The mechanism of remote sensing of the water source in Almaty province is shown in the figure
below (figure 3).

The figure above shows that the following sources of lights which leave the water surface are going
to be caught during the remote sensing of lakes, rivers or other water reservoirs in Almaty province:

- upward scattering from water molecules, suspended materials that are inorganic, phytoplankton;

- scattering from sunlight which comes from the bottom;

- absorption yellow substance component.
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TOA radiance L(2)

v

1) correct gas absorption
|

2) correct polarization
|

3) remove foam, tLAl)
|

4) remove Rayleigh, L{%)
|

—p| 5) remove glint, TLy(2)
1

©) remove aerosols, La(2)

1 Figure 4 — The atmospheric process correction algorithm
7) normalize tL, to [L (%)} for remote sensing of water sources in Almaty province.

1 Note: from the source 37.
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suspended k
material dissolved, 3}&{,

organic
matter

Figure 5 — Factors that have the significant impact on data about light leaving water surface during remote sensing
of the water resources in Almaty province.

Note: from the source 39.
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The figure above shows that the absorption of yellow substance has the significance upon the amount
and quality of light leaving the water surface [40]. The relationship between the absorption component and
water-leaving radiance is shown by the formula below.

a=a, +Ca.,"+Xay" + Yay" ®)

Note: from the source 41.

Abbreviations: 1. a - The water-leaving radiance. 2. a,, — The absorption coefficient of pure water.
3. C - Chl-a concentration (mg m™). 4. a.*- The chlorophyll-specific absorption coefficient. 5. X — The
suspended sediment concentration. 6. ax™ - The specific absorption coefficients of suspended sediment.
7. Y — The concentration of colored dissolved organic matter (CDOM) (m™). 8. ay* - The specific
absorption coefficients of suspended sediment in the form of colored dissolved organic matter (CDOM).

The value of X is often defined at & = 550 nm [41].
The figure below shows the factors that have aconsiderable impact on optical propertics of water.

Suspended
sediment which is
also known as
inorganic
suspended
sediment material

Colored dissolved
organic matter
(CDOM) which is
also known as
gelbstoff or yellow
substance.

Phytoplankton.

Figure 6 — Constituents which impact on optical properties of water sources in Almaty province.

Note: from the source 42.

The figure above defines that optical properties of water which impact the process of remote sensing
for water sources in Almaty province are phytoplankton, CDOM and suspended sediment.
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In conclusion, the source of light, water optical propertics and atmospheric processes have huge
impact on remote sensing of water sources for remote sensing of water reservoirs in Almaty province.
Therefore, there is the need for the atmospheric process correction algorithm for remote sensing of water
sources in Almaty province which is illustrated by figure 4.
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I'. K. Cepuxobaena, C. A, TypryasanaoBa
Kazak yiTThIK arpapiblK yHUBSpCHTeTI, AmmMarel, Kazakcran

AJIMATBI OBJIBLICEIHIA CY KO3IEPIH APA KAIIBIKTEIKTAH
BAKBLIAY MOJIIMETTEPIH TAJITAY AJAICTEPTHIH MYMKIH/AIKTEPI

Annotormsi. Makanaza AnMarsl OOJIBICHIHAAFBI CY KO3CPIH apa KAIIBIKTHIKTAH OAKbLIAY1aFbl (PaKTOpIapAbIH
QJICYCTiHIH MAaHBI3ABUIBIFBI KA3bUFAH. DByl »KyMmbpIcTa apa KaIOBIKTHIKTAH OAaKbpIIay MOIIMETTECPIH TaJjIayaarbl
JKaCaJFFaH >KaHA dJICTEPAl TY3CTYAIH anrOpUTMi KeATIpiAreH. 3epTTEYAiH MIHACTI — CY K63ACPiH apa KAIIBIKTHIKTAH
0akeU1ay YPpAiICIHAC KaHAAH (DAKTOPIAPABIH MAHBI3ABI OOMYBIHBIH THICTLTITIH AHBIKTAY. 3€PTTCY AiH METOIOIOTHACH
SMHUCTOMOJIOTHS KOHE ACAYKIMFA HETI3ACIICH. 3CPTTEYAIH TIKIPHOCTIK MaHBI3BI — AJMATHI OOJBICBIHIAFBI CY
KO3/IEPiH apa KAIIbIKTAaH OAaKbLIAYIbIH AJNTOPHUTMIH CHIATTAI ’KA3y. 3EPTTEYIIH HOTIDKECI KOPCETTI, apa KaIlbIK-
THIKTAH OAKbUIAY YPHAICIHAC >KMHAIFAH MOTIMET TEK AKMAPATThI XKUHAYFA FAHA €MEC COHBIMCH KATap MAIIMETTEPl
TaNAAy¥Fa Aa KOKET.

Tyiiin ce3aep: Cy Ke3mepiH apa KAINBIKTHIKTAH OAKpLIAy, apa KAIIBIKTAH OAKBLIAYIBIH AITOPHTMI, 3CPTICY,
OciiHe KepiHicl, aTMOC(EpalbIK YPAiC, TOIBIK KYTHITY KO3 duUeHTi, AIMaThl OOIBICHIHBIH CY KO3EPi.

I'. K. Cepuxbaena, C. A, TypryasanaoBa
Kazaxckuif HannOHAILHBIA arpapHbId yHUBEPCUTET, AnMartsl, Kazaxcran

HOTEHINWAJIbHBIE METObI AHAJIN3A JAHHBIX
30HAUPOBAHMUA BOJHBIX HCTOYHHUKOB B AJIMATHHCKOHU OBJACTH

AnHOTanmusi. B cratee ONMMCAHBI MOTCHUMANBHBIC (DAKTOPHL, KOTOPBIE MMEET BAKHOCTb I 30HIHPOBAHMS
BOJHBIX PECYPCOB B AIMATHCHKOH oOmactH. B maHuHO# paboTe OMMCAH anrOpwUTM, KOTOPBIA MOKCT HCIPABIATH
HOBbIC Pa3pabOTaHHBIC METOMBI I aHANM3Aa JAHHBIX 30HAMPOBAHHI.METOI0NOTHS HCCIECAOBAHMSA OCHOBAHA HA
SMHUCTEMOJIOTHH W JCAYKIUMH. [IpakTHdeckas BaXKHOCTh HCCICAOBAHKSA — 3TO OIMMCAHWE aJITOPHUTMA KOPPEKIHHU IO
arMoc(epHbIC TIPOLIECCHI A 30HANPOBAHMUS BOJHBIX HCTOYHHKOB B AIIMATHHCKOW 00xacTu.Pe3ymsraTsl mccneno-
BaHMS MOKA3BIBAIOT, YTO HCTOYHHK CBEJACHMS, KOTOPBIA OBIII COOpaH B KAYECTBE JAHHBIX B MPOLECCE 30HAMPOBAHMS
HMEET BAXKHOCTH HE TOJILKO MU cOopa mHpOpMAILMHK, HO M Uil aHANMW3a JAHHBIX.LleTh mccnenoBaHMA — 3TO BBLIC-
HUTh, KaKHE (PAKTOPHI JOIDKHBI CUMTATHCS BAXKHBIMH B TCUCHUH MPOIIECCA 30HANPOBAHIUS BOJIHBIX PECYPCOB.

KiroueBnbie c/ioBa: 30HIMPOBAHHE BOJHBIX PECYPCOB, AITOPHTMBI 30HAMPOBAHMS, H3IYUCHUE, OTPAKCHHE,
armMoc(epHbIC IPOIIECCHI, KOI(D(DUIHUCHT ITOIHOTO PACCESHIS, BOAHBIC HCTOYHHKH B AIMAaTHHCKOH 00JIacTH.
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