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Abstract

Eutrophication is theprocess by which primary production is enhanced through
the increase in the rate of supply of organic matter and thus nutrients to an ecosystem.
Of particular concern are the effects of excess nutrients introduced by human activities,

such as nitrogenouand phosphorous.

Related to this, in severe cases, eutrophication can lead to large algal blooms and
algal scum, (some of which can be toxic), enhanced benthic algal growth, cycles of
bacterial and fungal growth, oxygen depletion, and subsequent changi istructure
and functioning of lakes and marine ecosystem with changes or loss of flora and fauna of

this ones.

The use of remote sensing can help to prevent the consequences of these algal
blooms like an early alert tool. Also can be used to recoghiseause and the effects of

these processeand to generate models to predict the behaviour
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CHAPTER |

Introduction

Historically, the relationship between man and water has been constant and
eternal dependencyThe concern of countries to have enough water in quantity and

quality for its various activities aways ingrowing.

Lakes and reservoirs provide water for human consumption and allow a number of
highly valuable environmental functions. These are watservoirs used to meet the
needs of society and the environment. These needs include power generation, provision
of water for human and animal consumption and irrigation, increasing attenuation,
groundwater recharge, providing habitat for many plant andinzal species

(Sriwongsitanoret al., 2011).

Coastal areas are transitional areas between the land and sea characterized by a
very high biodiversity and they include some of the richest and most fragile ecosystems on
earth, like mangroves and coral reef&t the same time, coasts are under very high
LJ2 LJdzf F GA2Yy LINB&adz2NBE RdzS (2 NILAR dzZNBFYyATFGAz2
population live in coastal areas (within 60 km from the sea) and this number is on the rise.
Throughout history coastalreas have been important to humans in many ways
including as a source of water, edible plants, and animals. Coasts are also gateways for
trade (via shipping). Major cities have developed along sea coasts, or along lakes and

rivers that are connected by aaterway with the ocean (Yunis, 2001).

However, these systems are exposed to environmentdégradation;
eutrophication remains one of the most common problems and produces ecological
impacts, significant negative health and economic local and regiona $Raldriguez,

1997). Because of this emergie purpose of this study.
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Objective

Learn about the problematic of different levels of eutrophication or algal blooms in

lakes and coastal regions and the technigues and satellite sensors used fectgmition

of them.
Eutrophicationof Lakes

CKS FTAAYB2RNEDS2F o6 SN t NBS Y&l T B> OLiF
S dzii NP LIKRAJ2T NRA K/ A0 G A2y Aa GKS LINRPOS&da o0& gKAC
0§KNRdzZAK GKS AYyONBFasS Ay GKS NXaGS 27F &dzLdLi @&
S§O02aeaiGSY 0699! i KkdiMNI\YSAIEZRYSE MdaDKO adzo adGl yOS &
LIK2 & LK 2HMEAOK Sy O2 dzMICHSE AL ' yi INRBGGKD
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Figure 1 Eutrophic lake: San Roque Dam
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¢CKS yIFGdz2NFf LINPOS&aa 2F SdziNRPLIKAOIFGA2Y A& aAy
¢CKS LIXlFyida O2yadzyS (KS ydzZiNASyGasz [FIROUKSyYy
Ayi2 GKS 61 GSN®dP h@SNI GAYSsS (GKS Odzydz F GAQS ¥y
ANRPGGOKEI gKAES OK21Ay3d 2dzil FAAKXE AYOSNISoONIGS
Eventually, only plants and the sediment from dead organisms remain in the water. This
sediment layer gets thicker as more plants grow and die, insects drown in the water and

other organic debris accumulates. Over time, this sediment pushes up the floor of the

body of water, causing the water itself to spill over its old banks and redistridner the

surrounding ground. It may take decades, but eventually the body will disappear

altogether, leaving behind first a marshy area and then a firm, fertile plgig.2)
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Figure 2 Natural Eutrophication process

As mentioned in the previous paragraph, eutrophication is part of a natural process
and regardless of human activity, but the increasing urbanization, agriculture and energy
development, accelerate this process, shortening the life of the body of waters,Th
generate an "artificial eutrophication or culture", which is much more rapid and

dangerous(Fig.3)
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The causes of anthropogenic eutrophication:

1 Industrial waste discharges, agricultural, urban and treatment plants.

91 Deforestationthat increases erosion and reduces the recycling of nutrients in the
watershed, increasing their income to the water body.

Fertilizer applied in excess.

Sewage farms.

Septic tanks.

Detergents with large amounts of phosphorus.

Contribution of pollutantsrfom rainwater.

Sewersystem of cities and towns.

g X

v

-~ sediment
CULTURALAW |
EUTROPHICA

Time: Decades

Figure3: Cultural Eutrophication process.

Many lakes show vertical stratification of their water masses, at least for some
extended time periods. Density differences in water bodies facilitate an ewalutf
chemical differences with many consequences for living organisms in lakes. Temperature
and dissolved substances contribute to density differences in water. The atmosphere
imposes a temperature signal on the lake surface. As a result, thermal satifi can be

established during the warm season if a lake is sufficiently deep. On the contrary, during

]
l
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the cold period, surface cooling forces vertical circulation of water masses and removal of

gradients of water properties (Aeschbaklertiget al. 1999. (Fig.4)

Figure 4thermal stratification of lakes

Also, lakes with marked thermal stratification tend to have a synergistic effect
the eutrophicationprocess. During summethe surface of the water being heated and

expandsfloating overthe bottom at the top ofthe water column

Thelower part of the column became hypoxic due the oxygercongsuming by
the biological activityof the flora and faunaWhen levels of oxygen rich lows valuesore
nutrients are concentraten the backgrond by the death of benthic animals ampdants.
At the top of the column takes just another process also increases the ongeatier of
the waterbody. The largest solar radiatioof the warmseason brings a proliferation algal
that generateorganic matter when he dies and decreases the diversity of other species of
lower strata. During the winter seasgnthe basal surface temperature is very low
temperature (4 ° C) and may or may not possess the upper l&gaen. This can cause a
greater dgjree of hypoxia in the water and accumulation of organic matter due to the

death of the algae surface.

|.
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Harmful Algal Blooms

Proliferation of dinoflagellates, ciliates and bactegan become toxic when they
reach highconcentrations. fiis phenomenon is known as harmful algal blooms (HABS).
The causeof these natural proliferations may biey factors such as salinity, amount of
light, temperature and turbulenceChandyet al. 1991). Some human activities that may
have contributed to the increase in HAB occurrence and distribution include: increases in
nutrient loadings (which can change the natural nutrient regime and select for HAB
species, plus more nutrients support more growtbyerfishing (which can decrease the
grazing pressure on HAB species), and ballast water discharge (which can transfer resting
stages, or cysts, of HAB species to new ard4avever, of the thousands algal blooms,

only a small percentage are harmful to hans (approximately 10% of total).

The HABs have great ecological importance as the antimati$eed on these toxic
microorganisms,are poisoned , sick , dying and transmit the poison through the food
chain , which in turn affects humans ingest these caoriteated organisms, reduce
dissolved oxygen in the water and cause the deaths of hundreds of fish and (Eogas.
Similarly, have a great social importance as they constitute a threat to the health of

people, the economy, tourism sheries and aquacuire (GEOHAR001)

Figure 5 Coastline covered in dead fish, Ukraine
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In terms of healthpeople can suffer different poisoning as paralytic, Neurotoxic,
Diarrheal, amnesic, or Ciguateras a result of these, some effects and symptoms that
may occurare: pictures neurotic, oral paraesthesiaabdominal pain, headache, altered

pulse, respiratory falure, cardiac arrests and death

Y2y 3 GKS Yz2ald O2YY2y 2NAlFyAayw GKFG Ol dzasS K

Alexandrium catenellaproduces the paralytic shellfish toxin. In humans and animals

cause paralysis in the extremities and subsequently, death by esedratory arrest.
YIENBYyAlOt@RE@A DYy LRISyGgArtte OFdaAaS S&S FyR
o2 0BREAH I f NBaAARSydGao

Dinophyspsodacawds diarrhetic shell fish toxin
gastrionanlt epsrtobl ems such as diarrhea.

Psewmdd zspphricadameesi ¢c shell fish and humans ca
me mo d xJud

andPseudenitzschiasp.

Indicators and indexes

There are several indicatogsresently used to assess eutrophication in aquatic
systems. Phosphate, ammonia and nitrate, in both river and coastal waters are the major
constituent nutrients driving eutrophication. Chlorophgll is an indicator of
phytoplankton biomass and concentrationcreases due to phytoplankton growth are a

result of eutrophication. Chemical oxygen demand and Biochemical oxygen demand are
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used to quantify the magnitude of organic pollution. Suspended solid and transparency

are used as an indicator of turbidity.

Ore of the most widely index used for measuring the degree of eutrophication is
the Carlson's eutrophication index also called Trophic State index (Hi&l)7)and is
defined as the total weight of biomass in a given water body at the time of measurement.
Threevariables can be used to calculate the Carlson Indalarophyll pigmentstotal
phosphorusand Secchi depthOf these three, chlorophyll will probably yield the most
accurate measures, as it is the most accurate predictor of biomass. Phosphoyusenaa
more accurate estimation of a water body's summer trophic status than chlorophyll if the
measurements are made during the winter. Finally, the Secchi depth is probably the least
accurate measure, but also the most affordable and expedient one (@aflsSimpsons
1996). Because this tree variables tend to correlate and citizen monitoring programs and
other volunteer or largescale surveys will often use the Secchi depth the relationship of

this index is expressed by the followieguation:

(1) (ln Iﬂ) =k, + aC
z I.

2 KSNB

irT 6KS RSLIWK G 6KAOK (4KS RA&]1 RA&I LIISI NAZ
Lrka GKS AydSyaade 2F fA3IKG AGNR{AYy3I GKS g+ 4GS
LA& | 02delinyMReA 32 FO2YAARSNBR | O2yaidlyasx

1ha || O2STFFAOASYG FT2NJ GKS FGGSydzrdAazy 2F A3
h A& GNJEI-(«”)Q“éuayG GAOK (GKS dzyaAta 2F 4&aljdzr NS YS
/| Aa GKS 2YOSYUNYGA2y 2F LI NIAOdzZ FGS YI GaGSN
O/ F N az2yz mM@prtTOU
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INDICE DE CONDICION TROFICA

OLIGOTROFICA MESOTROFICA EUTROFICA HIPEREUTROFICA

INDICE DE ESTADO <3040 4050
TROFICO

CLOROFILA A (uglL) 026 2620
FOSFORO TOTAL fugil) 012 1204
PROFUNDIDAD DE

DISCO DE SECCHI (m) 84 42

Figure 7 Comparison between indexes

All these indicators can be measured directly through 4$f@ped water sampling.
Collecting water samples through ships is often costly and provides data limited in space
and time. In contrast, satellite remote sensing can cover lamgas withrelatively high

resolution and without restriction of national boundaries. (Cearac, 2007)

Remote sensing involves measuring some property of an object of interest from
the distance.Thisallows us to extrapolate a characteristic of a particular area relieved by
locd measurements analysis to a larger scale area in less time and cost. Remote sensing
also enables simultaneous comparison of the water quality of all lakes within an image. In
lakes with a large spatial variation in water quality, the use of spatially-regblution
remote sensing data improves the accuracy of water quality estimation compared to

conventional monitoring method&allioet al, 2008)

In order to extrapolate the shipased measurements of water sampling is necessary
to know the main opticaproperties that influence the reflectance spectrum of natural

waters, such as:

1 Absorption coefficient due to the presence of coloured organic matter.

9 Absorption coefficient due to the presence of droppings of aquatic flora and fauna,

9 Absorption coefficientdue to the presence of phytoplankton, which includes
chlorophylta, phycocyanin, carotenoids and others.

9 Backscattering coefficient caused primarily by matter in suspension.
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Each of these properties are taken into account depending on the wavelengthiet w

carries out the measurement of reflectance.

The land surface temperature 9Tis one of the physical properties more used as
input variable in climate models, hydrodynamics, panoragpiclemiology, among others.
There is now a substantial variety of remote sensors #ilatv as calculate T8roviding a

good spatial and temporal coveragiatobeet al. 2004; Let al. 2004)

For example, the GOES satellite, has a sensor with a resolotid km in the thermal
infrared, while the sensors AVHRR from NOAA and MODIS from TERRA and AQUA, have a
spatial resolution of 1 km in that area of the spectrum. On the other hand there are
thermatinfrared sensors with better spatial resolution as th®,TThematic Mapper,
Landsat5 which has 120 m and ASTER, from TERRA satellite with 90 m. the ETM from
LANDSAT with 60 m of spatial resolution. However, these instruments have a revisit

period of 16 days.

Water quality parameters retrievable from remotemagery include he
concentration of chlorophyh, transparency coloureddissolved organic matter (CDOM),
Secchi disk depth (SDD), and Aquatic vegetation. Most studies of this type are based on
the correlation between the spectral information obtaineg the satellite and samples
obtainedin situ,in order to extrapolate the results to larger areas. Also are based in the
similarity that exist between different sensors that allows create and appiyodelled

relationship from different satellites imagesdfield data.
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CHAPTER Il

Backgrounds

For the study of eutrophication and water quality with remote sensing there have
been used different types of sensors (satellites and airborne) to measure water bodies like
lakes, rivers, estuaries, marshegieans and coastal areas. The following is a review of

different sensors and techniques for various problematic events related to eutrophication

LANDSABTM wasused for Zhouet al. in 2006 to develop and apply multi
temporal models to estimate and map the concentrations of total suspended matter
(TSM) irLakes. They use 2 LANDSATM with contemporaneous measuremenissitu of
total suspended matter. Results of their study showattthe ratio TM4/TM1 has a strong
relationship with TSM concentrations for lake waters with relatively low concentrations of
phytoplankton algae. Also TM3 provided a strong predictive relationship with TSM
concentrations despite varied water quality condits. The validation of the multi
temporal capability of the best models indicated that it is feasible to apply the linear
regression model using TM3 to estimate TSM concentrations across time in Lake Taihu

(Fig.8), even if ndn situdata were available

37 v“'(‘

Figure 8 Map of TSM concentration in Lake Taihu on 4 March 2Bbduet al. in 2006
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Olmansonet al. in 2008 measured over 20 years and with the different types of
sensors landsant (4, 5 and 7) the clarity of ten thousands lakes of Minnesotdk-ig A
They used multiple lineaegressiondetween the sensor values and the depth measured
by the Secchi disk. The same methodology was used by Breztoaikin 2006, in both
cases, Chlorophylh, TSS, turbidity, and SDT were highly correlated gatth other and

all act as direct or indirect measures of algal abundance.
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Figure9: Minnesota lake clarity with county and ecoregion boundar@snansoret al.in 2008

Zhang & He (20Q6worked comparing TSI obtaineth situ with the same index
obtained with the band 5 and band 7 of LANDSAITM. They concluded that, the remote
sensing results obtained agreed with those by other methlg.10), and the applied
model can be modified to match the real work; it can provid®imation on different
trophic status in several areas by sampling ETM images in grey scale. The method can be

also used to evaluate large scalgtrophicationin much less time and cost.
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Figure 10 Comparison on the evaluation results between two methattsang & He (2006)

LANDSAT ETM also was used by Onderka & Pekarova (2008) to map the spatial

patterns of suspended particulate matter (SPM) in the Danube River. In this study they

highlight the bemefits of remote sensing for the monitoring al large areas of the river.

Based on a strong relationship between the Landsat #&fsared band (TM4) and field

measurements, they developed a map of SPM with a very londsia error (2.92 mg/L)

(Fig.11).
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Figure 11 Map of suspended particulate matter in the Danube Ri@erderka & Pekarova (2008).
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Another work thatanalysesvater quality but employing MERIS senéti spectral
bands and 1200 m. of resolutipon boardthe ENVISAT satellite, is Campletkl. 2011.
They applied a Matrix Inversion Method algorithm and found significant improvements in
the accuracy and precision of retrieved watguality parameter values (such as
chlorophylt a), can be obtained by using differentially weighted, over deteedisystems

of equations, rather than exact solutions.

The study of coastal regions and opsgarepresents a major problem because of
the high scale of work. SEAWIFS was specifically designed to monitor ocean characteristics
such as chlorophylh concentration and water clarity. The sensor has a resolution of 1.1
km pixel by which allows laregralestudies. Shanmugamet al. (2008 usedthis satellite
for sensinghazardous algal blooms and their underlying mechanisms in-sloglé waters
(Fig.12) Heimet al. in 2005 also worked with this sensor measuring the variation of the
distribution of phytglankton, solid suspended matter and yellow substance in a Siberian
lake. They concludethat a SeaWiFS time seriese ableto show the seasonal variations

of chlorophyll of specified btoptical provinces of Lake.

Figure 2: The RCACHI (relative units) from the SeawiFShanmugamegt al. (2008).

Generallytime series of MODIS images are used to study eutrophication processes
in lakes. Martinezt al. (2011) calibrated them with field samples to discriminate different
concentrations of chlorophyh in different time periods. Zhargf al.in 2010, used it in a
similar way to analyze the distributioof the total Suspended Matter Concentrations in
LakeTaihu (Chinp(Fig. 13).

|=
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Figure13:5 A a0 NAR O dziA2Y 2F ¢{a O2yOSYyiuUNrdGA2Y oY3a [bwMO
Taihu from MODIS imageghanget al.in 2010.

Hu (2009) developed and used a simple ocean daliex, namely Floating Algae
Index (FAI), to detect floating algae in open ocean environments using data from MODIS
instruments. FAI is represented by the difference between reflectance at 859 nm
600S3SHFGA2Y GNBR SR3IS¢0 lefdBand (645 Amf &nd dlibrio | 4 St Ay

n



