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Objective

Proposeé and test a methodology based on remote
sensing to understand the water circulation dynamics
(composition.and volume) driven by. flooding pulse’in
the Amazon basin.
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Study ared

Lago Grande de Curuai (LGC) floodplain
area ~3500 Km?2
+20 interconnected lakes.
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fluctuation

inter-annual fluctuations about 2 meters
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Initial data available

Number of images along the year
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Exploratory analysis on the initial data avarlable

Approach.used: treat the river/floodplain
as a 4 states system characterized by
water level dynamic:
States 1e 2 - Stability
States'3'e 4 - 'Instability

Mean and: standard deviatign analysis
»month of maximum and minimum occurrences
>month of major standard deviation-> instability
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The most representative periaod of each state for sampling

(Refining the first indicatives)
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—
=
=
)

bili
;::\ el 23; stability

November 14t
. [\ }

| instability
September 24t

=
L]
I
~—
Ly V]
)
o
iy
o)
o
O
—
ot
9
=
2
S
2
S
W
£
=]
-I—
o
L]

State 3 State 1 4 State

2
> - ™

31-Jan 1-mar 31-mar 30-abr 30-mai 2%-jun 29-jul 28-ago 2¥-zet Z¥-out 2B-nov 2B-dez

= cota média diaria = taxa média diaria

Estado 1 Estado 2 Estado 3 Estado 4
(cheia) (hatza) {enchente) (WVazante)

Feriodos adequados 27105 a 16/06 04/11 a 24/11 12/01 a 01/02 14/09 a 04710 AdJUST To lnCIUdC |m09€

acquisitionday

Taxa de variagdo meédia da cota (cm/hora)




Number and location of sampling.points

Homogeneous water masses were delimitated through the automatic classification of

historical images.

Purpose: =>.avoid both: “over-sampling in'some:watér masses add under-sampling.in dthers

High water
State 1




bathymelrie plan and available infra-siructure

The density of
transects was based

on floodplain relief

Infra-structure
A large boat and 3 small
crew 5

Research team:: 5.persons




Summary of ‘the parameters collected

CAaMPANHAS DE CAMPO

“arante
(Esfzdo 4]

Baixa
[Esfzda 2]

Enchenta
(Esfzdo 3|

Cheim
[Esfada 1]

Feriodo adequado

1409 & 04710

04/11 & 24711

1201 & 01032

2705 a 16/06

Periodo de execucSo

23709 5 0971003

19411 1 0171303

0102 & 140204

3105 1 2106704

Medidas

I

St

Coondutvid ade

Oxigénio Diszolvido

Turbidez

pH

Frofundidade Secdhi

Frofundidade Total

Temperatura da gua

Curva espaciral

202 pontos

221 pontos

296 pontos

Analises

Laborstorio

Clarofila

DOC

DIC

M, Total suspensio

hd. Jnorg. Suspensdo

M. Drg. suspens3o

72 pontos

7.3 pontos

79 pontos

TE pontos

Mitrogénio Total

Fosforo Total

29 pontos
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Processing.and analysis of four distinct data types

: In order to understand the spatiotemporal changes on water composition,
an exploratory analyses had been applied on limnological data, using ordinary kriging
Purpose: identify spatial patterns in water composition related to flooding pulse

. observe changes in water spectral response due to changes inwater
composition.. (how the dynamic of water composition affects water spectral response)
Purpose: Get insights fo better.interpret the multi-spectral images,

The reults was Used.as a link betWeen water composition and multizspectral images

“used to delimit homogeneous water mass. in terms of spectral
response
Purpose: delimitate, characterize-and gquantify homogeneous watermasses in
different phases of hydrological cycle.(multi-temporal analysis)

-.quantify volume.and flooded area.
Purpose: analysis of volume and flooded area inundated dynamics




Synthesis of spatiotemporal dynamics of TSS
for the:hydrological cycle inwith data were gathered
depth wind Controlling factors Dominant-pattern
resuspension => High TSS Depth and” Wind >50% (M + 1DP)
smooth variation (homegeneity ) Entering water Well defined transition

State 2
(Low water) _——

L e <
3  af i'|'1

what the mathematic model fitted means?

Gaussian: The data have smooth spatial variation pattern,

- with no abrupt transitions (High spatial continuity).
5 5

Gaussian . o
Exponential: suggest that there is gradual transition

between patterns
depth wind

resuspension => spherical: evidence of a dominant spatial pattern with

Gradual transition clear fransition point.

State 4
(Decline water)

Spherical Exponential




In siftrradiometric measures proeessing:
Effect of /dynamics composition on water spectral response

State 2 (low water) State 3 (rising water)

How changes on

water composition

affect both:
Amplitude and
Shape of the
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Julti-spectral images procgssing:
spatial delimitation of homogéheous water masses

homogeneous
water masses
with diferent
spectral response

Homogeneous water masses were
delimitated submitting. TM/Landsat
Images to segmentation and

unsupervised: classification




-.high chlorophyll.concentration - medium chlorophyll-concentration

- high inorganic particle concentration . % -'medium.inorganic concentration
- medium organic matter concentrationior low inorganiciparticle
= high organic matter;concentration

(TM.1-> Blue; TM 2 -> Green, TM 3-> Red)




Thematic maps

(results.of mapping processing based on the previous criterion)

High and medium

[ ﬁicc } chlorophyll
m ;CC?I } inorganic

ACM .
organic
[ | MCM(c}JJL 9

Estado 1




Classes characterization.in‘terms of parameter concentration

Fieldwork samples.overlaped the classes delimitation and the mean concentration value
for'each class was estimated.

mean values of chlorophyll for high and medium chlorophyll classes was

estimafted. The same were done for inorganic and organic matter classes

clorafila_alta

- clorofila_méedia
Inorganico _alto
FPLSAG - Inorganico_medio
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Dominant ‘component : responsible for spectral response

This approach allowed to quantify the percentage of areaoccupied by each theme. during
each state of the system

Fieldwork campaigns

Inorganic® states 2.e 3/ (~667%)
estado & gstado 3 estado 1 gstado 4 (458 e 94 mg / l)
B Jrgdnico M Clorofila B Inorgdnico
Chiorophyll: states 1.e 4 (~58%)
(28 e 68 nug/l)

State 2= low state 3 rising
State Li="high'. ' state 4 decline




Multi-temporal analyze

Just a reminder:

Everything that was presented’tp to now, was rélated fo a singlé’hydrological cytle.

To confirm. if the process.observed is recurrent, images from previous
hydrological cycle were processed.




Multi-temporal Sequence ~ high water

1907703

water level

160799

Predominance of chlorophyll is recurrent.in high water




Multi-temporal Sequence -'decline stage

210903

Cota 728

230901

Cota 63e

Predominance of chlorophyll is recurrent. in decline stage




Synthesis of the effect of flooding pulse'on water composition

Predominance of inorganic.and Chlorophyll-is‘a characteristic of white water

62 10
1 68
58 _| Clorafila B
J a1 28 E
98 y m | a &
u T T T T L T T T 1 4 T

Estade 2 Estads 3 Estade 1 Estade 4 Estads 2 Estads 3 Estads 1 Estads 4 Estede 2 Estade 3 Estade 1 Ectads 4

Campanhas Histérico 1 ()

L

estodo 2 estado 3 gstado [ estado 4
B Orgdnica B Clorofila B Imargdnicos

estodo 2 estado | estado 4
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The dynamics of flooding pulse affects both:
composition and spatial distribution water

masses

occupied on average

fieldworks
8Q% of white water

Results-also show recurrence

Historicafil

73 % of white water
Historical 2

86 % of white water

eztado |
B Orgdnico

istorical

estado 4

B lorofila B Inorgdnico




Synthesis of Bathymeftric data processing

Bathymeftric . Model for, Curuai floodplain (bottom relief)

= that was used to quantify volume and flooded area.




Assessing the dynamics of flooded area (open water:)

(regression model to estimate flooded area from water. level)

Model
water level (WL) versus area
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Assessingsthe dynamics.of volume:(open water)

(regression model to estimate water volume from water level)

Cota| Volume
(cm) | (105 m?®) 610409

5.10E+09 cota versus volume
4.10E+09

3.10E+09

Volume (ms}

2.10E+09

1.10E+09

100E+DB
700

Cota (em)

Model WL "versus volume —
average’ volume variation

Volume =107 WL+=4,0.x 10? per-hydrological cycle'5,1 x 10° m3
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Conceptual Model $o describe wafer circulation in Curuai floodplain

1- Tapaj6s riverreaches high level

2 ~'increase water level at east of

¥ Curuai floodplain
BB ) P




Conceptual-Model of water circulation ift Curuai floodplain

1- Tapajés riverireach high level
2 ~increase water level at east of

High and ‘decline (1 e 4)
TSS + CLO (dominate)




Conceptual Model of water circulation in Curuai floodplain

1- Tapajos.river reach high level
‘12 -water level increases.at east of
i Curuai floodplain

4 - at720 cm water level, inputs
from igarapés (northern/western
borders) are dominants
5.~ the system reach equilibrium
N (may/June)
6 - the water-movement is driven by
natural barrier. (ftwo distinct regions)
Water:composition

: | ow.and rising ( 2 e.3)
TSS (dominate)
High and "decline (1 e 4)
TSS +CLO (dominate)




CONCLUSION

v/ The results of thisiresearch confirm that is possible to delimit and characterize the
spatiotemporal variafion of distinct water masses resident in.the Amazon floodplain,

using-opticalimages, independent of their acquisition year.

v'The results also confirm the importance of the Amazon flooding pulse @s the main
function force that drivenithe spatiotemporal variation of water masses in the Amazon
floodplain.

v'It was'also possible to confirm that there is @ spatial pattern of water circulation in

the Amazon floodplain, and that this pattern is recurrent

v'It is'possible to use optical-images with spatial and temporal resolution similar to
TM/Landsat acqtired in distinct hydrological cycles.







