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Wetlands are considered critical ecosystems due to declining quality of their ecosystems services. Nevertheless, there
have not been any climate related researched devoted to vegetation condition and biomass amount. Thus, this study
examines the seasonal dynamics of vegetation and its correlations with climatic factors. This study is important for
understanding of the regulatory function of this ecosystem during climate change. Two Landsat OL18 images made in 2020
were analyzed. One image refers to the rainy season (April 12), and the other to the dry season (August 2). The radiometric
and atmospheric corrections of the images and the determination of the boundaries of the study site (ROI) were developed
in ENVI 5.3 program. The normalized differential vegetation index (NDVI) was calculated with ENVI 5.3 program
(histograms allowed to determine biomass), and with ArcGIS 10.3 (for classification index). The Pearson coefficient (r)
and the Statistica software were applied to determine the correlations between the variables. The linear relationship between
the NDVI, the amount of biomass and the climatic variables was identified. In the rainy season (April) with higher
temperature and precipitation, the NDVI was >0.5 and the biomass was 372613.0 t in the major part of “la Tembladera”,
while in the dry season (August) with a lower temperature and precipitation rate, both the NDV1 (0.14-0.5) and the biomass
(333856.95 t) decreased in a considerable area of the wetland. Consequently, the seasonal dynamics of vegetation and its
biomass is caused by fluctuations in these climatic variables. Thus, the biomass increased during the rainy season (higher
precipitation, temperature, and humidity). These results can be used to further modelling the effects of climate change in
these ecosystems.
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INTRODUCTION

Worldwide, anthropogenic impacts had triggered environmental problems over natural
ecosystems such as wetlands. Wetlands are considered strategic ecosystems, flood absorbers and
biodiversity conservation sites, hence, they are crucial ecosystem due to its ecological services
(Senhadji-Navarro, Ruiz-Ochoa, Rodriguez-Miranda, 2017). The Wetland "La Tembladera™ is one
of the two wetlands that the province of El Oro has officially recognized by the Ramsar Convention.
The ecosystem services of “la Tembladera” include the water supply for agriculture and livestock,
fishing, the climate regulation and the carbon storage(Convencion de Ramsar sobre los humedales,
2018). Despite the ecosystem relevance of “La Tembladera”, studies about its current state and its
relationship with climate variables is non-existing.

Nowadays, it is possible to use remote sensing to interpret the evolution or dynamics of
ecosystems over time and establish relationships with other factors. For instance, remote sensing has
allowed the vegetation state assessment and the calculation of biomass (Llerena, Tarko, Kurbatova,
Kozhevnikova, 2019; Lv..., 2019). Studies in South America that employed remote sensing analysis
to calculate the NDVI and its spatial and temporal dynamics have taken great importance in recent
years regarding to the management of the vegetation cover and to the climate modeling (Millano,
Paredes, 2016; Paula, Zambrano, Paula, 2018). Nevertheless, studies about wetlands related with
remote sensing and NDVI are few in spite of its ecosystem importance (Dong..., 2014; Bisrat,
Berhanu, 2018; Aponte-Saravia, Ospina-Noreiia, 2019).

Consequently, this study assess the vegetation state, biomass and their relationship with climate
parameters of “La Tembladera” wetland through Normalized Differential Vegetation Index (NDVI)
by using remote sensing methodology. The objective is to generate information about the behavior
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of the wetland and its interaction with the climate, which can contribute to studies of vegetation cover
and future climate change models. In addition, the applied methodology serves as a framework for
future research in relation to the monitoring and study of other ecosystems, favoring all competent
entities in matters of conservation, land planning and climate change.

MATERIAL AND METHODOLOGY

Study site. The wetland “La Tembladera” was listed as a Ramsar site in 2011. It is located in
the province of El Oro in the southwest of Ecuador (3°29 28.63S 79°59 39.99W; 17 m a.s.1.) in Santa
Rosa canton (fig. 1). It is made up of a water mirror (permanently flooded area) and surrounded by
an area that is seasonally flooded. The total area is 1471 ha. (Lépez-Blanco, Sinev, 2016; Quevedo,
2013).
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Fig. 1. Location map of “La Tembladera” (a) in Ecuador map (b) and in the Oro province (c)

Normalized Differential VVegetation Index. One of the most widely used vegetation index (V1)
is the Normalized Difference Vegetation Index (NDVI). It is based on the comparison of visible and
near-infrared light reflected from vegetation. Chlorophyll pigments absorb in the red regions of the
visible spectrum, called RED zone (wavelength bands between 0,62—0,75 um.), but not in the green
region where the reflectivity is much higher and its maximum value is observed in the near infrared
range (NIR, wavelength bands between 0,75-1,3 um). One advantage of NDVI1 is that the division
by zero errors are significantly reduced, also, it has a desirable measurement scale between -1 to 1,
where 0 represents no vegetation, and negative values are non-vegetated surfaces (Pettorelli, 2013).
The formula of the NDV1 is:
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NIR — RED

NDVI = SR T RED

Two Landsat images, corresponding to August 2™ and April 12" of 2020, that encompass the
study area of La Tembladera wetland were downloaded from Earth Explorer of the United States
Geological Survey (USGS). The scenes are located in the grid of the World Reference System 2
(WRS2) in the column 11 raw 62.

The processing of Landsat images, radiometric calibration and atmospheric correction, was
developed in ENVI 5.3 program. In this program the multispectral file (MTL) was used as initial
data, the area of interest (ROI) was specified in the scenes. The atmospheric correction was
developed with FLAASH Atmospheric Correction Model of the program. The resulting images (fig.
2) were used to calculate NDVI and its histograms with the tool NDVI of ENVI. Then the biomass
was estimated with the data of pixel and NDVI scale from the histograms (fig. 3) (Llerena..., 2019).

Fig. 2. Processing result of the Landsat image in the ENVI 5.3.
Original Landsat image (a). Result image of radiometric calibration (b). Result image of atmospheric correction
(c). Differences between (b) and (c) are on pixels level.
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Fig. 3. Histogram of the Landsat images, the pixels are shown on the ordinate axis and the NDVI
range on the abscissa axis
Histogram for NDVI in April 12, 2020 (a). Histogram for NDVI in august 2", 2020 (b).
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In ArcGIS 10.3 program, the two resulting images were classified in 6 vegetation intervals
(Kafria, Albanakis, Oikonomidis, 2014) (table 1) in order to create the NDVI map.

Table 1
Intervals of NDVI scale from -1 to +1
Interval Type of land cover
—0,04 Water
—0,04-0,025 Wetland
0,025-0,09 Bare ground (degraded land, roads, settlements, soil without vegetation cover)
0,09-0,14 Scarce Vegetation (scattered shrub, irrigated crops and plow fields)
0,14-0,5 Medium Vegetation (forest plantations, bushes, slow-growing plantations)
>0,5 Thick Vegetation (dense growth plants)

Vegetation biomass and climate variables correlation. The climate parameters selected for
April and August were (table 2): temperature, percentage of cloudiness probability, percentage of
precipitation probability, precipitation in mm, percentage of humidity probability, wind speed, water
temperature, and solar energy (Kwh) (Cedar Lake Ventures, 2020)

Table 2
Climate factors at Santa Rosa canton for April and August of 2020
Factors 12.04.2020 02.08.2020

Maximum temperature (°C) 32 29
Minimum temperature (°C) 25 22
Percentage of cloudiness probability 27 72
Percentage of precipitation probability 35

Precipitation (mm) 66

Percentage of humidity Probability 99 62
Wind speed (km/h) 8 8.2
Water temperature (°C) 26 23
Solar energy (Kwh) 54 6.3

By using the software Statistica the correlations between the factors of climate and the biomass
amount were determined.

RESULTS AND DISCUSSION

There are differences between the seasonal NDVI of “La Tembladera”. In April, which
represents the rainy season, most of the wetland territory is classified as thick vegetation (NDVI
>0,5, fig. 4a.). In addition, little areas within the wetland territory are medium vegetation, (NDVI:
0,14-0,5). In contrast, for dry season (august, fig. 4b.) the medium vegetation replaces the majority
of thick vegetation. Furthermore, in the lagoon area the NDVI decreases and corresponds to wetland
and water cover (NDVI: —-0,04-0,025 and <-0,04, respectively).

The NDVI differences was also corroborated with the biomass calculation based on the NDVI
histograms. The biomass was 372613.0 t for April and 333856.95 for August. In conclusion, the
biomass decreased between rainy and dry season.

The correlation coefficient between the biomass and all the climate variables is showed in the
figure 4. The temperature, percentage of precipitation probability, precipitation, percentage of
humidity probability and the water temperature have a direct correlation (r=1; p<0.5). It means that
when these climate variables increases, the biomass also increases. In contrast, the biomass showed
an indirect correlation with the percentage of cloudiness probability, the wind speed and the solar
energy. To conclude, the results show that the photosynthetic activity responds to the water
availability (precipitation and humidity), thus, in April the vegetation index is better than in August.
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Fig. 4. La Tembladera wetland Normalized Differential Vegetation Index map for April 2020 (a) and
August 2020 (b). (ArcGIS 10.3)
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Fig. 5. Pearson correlation coefficient (r) between Biomass and all the climate factors.
Statistica 10.0 software

The results of the research “Evaluating the performance of spectral indexes for identify high
Andean wetland” showed a lower vegetation index in the dry season as in this study. Aponte and
Ospina attributed the results to hydric stress(Aponte-Saravia, Ospina-Norefia, 2019). The correlation
between NDVI, wetland area, precipitation and temperature was established in an Andean wetland.
Similar findings were discovered with a significant direct correlation (Garcia, Otto, 2015; Pauca-
Tanco..., 2020).

CONCLUSION

From the present investigation, a positive correlation between the NDV1, the amount of biomass
and the climatic variable was established, according to the Pearson coefficient (r=1). Thus, we found
a relationship directly proportional. Furthermore, we found that the vegetation state and biomass of
“La Tembladera” depend of precipitation, humidity and local temperature. In the rainy season (high
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temperature and precipitation rate), the majority area of “La Tembladera” was classified as thick
vegetation (NDV1>0.5) and the biomass was 372613.0 t, while in dry season (low temperature and
precipitation rate) in a considerable area of the wetland the index was medium vegetation (NDVI:
0.14-0.5) and the biomass decrease until 333856.95. In conclusion, a vigorous vegetation will be
found in the rainy season. These results are aligned to the RAMSAR (Convention on Wetlands of
International Importance) aims because they can contribute to studies of vegetation cover and future
climate change models.

Finally, remote sensing and vegetation index analysis, such as NDVI, are key tools for
monitoring and evaluating the status of wetlands under the current pressures of climate change. This
methodology is effective and fast due to the fact that the satellite images are freely accessible. Also,
the applied methodology could be used in different ecosystems of the country to contribute to future
studies of conservation and monitoring.
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Mepena C. A., KypoatoBa A. M. OueHka ce30HHOi TMHAMMKH HOPMAJIH30BAHHOIO JH(QepeHIHAILHOrO
unaexca pactureabHoctd (NDVI) u ero B3aumocBs3p ¢ KIMMATHYeCKHMH NPEIMKTOPAMH B BOJAHO-0O0JOTHBIX
yroabsix Tem6uanepa (IxBanop) // Ekosistemy. 2021. Iss. 26. P. 5-11.

BoIHO-00JIOTHBIE YrO/ibsl CUMTAIOTCA KPUTHUECKMMM 3KOCHCTEMAaMM H3-32 CHIDKCHMS KayecTBAa JKOCHCTEMHBIX
ycayr. Tem He MeHee, HCCIENOBAaHMI COCTOSHUS PAaCTHTEIBHOCTH M KOJIMYECTBA OHOMACCHI, CBSI3aHHBIX C
KIMMaTHYecKUMU (akTopaMH, He CylecTByeT. TakuM o0pa3oM, DaHHOE HCCIIEIOBaHHE HAIPABICHO Ha H3ydYeHHE
CE30HHOW JAWHAMHUKU PACTHTEIBHOCTH M €€ B3aHMMOCBSI3H C KIMMATHYCCKUMH (DAKTOpPaMHM, YTO BAXKHO IJIS HOHUMaHUS
peryJIsTHBHOW QYHKIUM JaHHON SKOCHCTEMBI B X0/I¢ KIIMMATHYECKUX H3MEHEHHH. BTN MpoaHaIM3upOBaHbI 1Ba CHUMKA
Landsat OLI8 2020 roza. OHO H300pasKeHHe OTHOCUTCS K Ce30HY 1ok aei (12 ampenst), a Apyroe — K 3aCyIITABOMY CE30HY
(2 aBrycra). Pagnomerpuueckue 1 atMocepHbIe TONPaBKU H300paKeHHH U Ope/ie/IeHHe TPAaHHUI] HCCIISIyEeMOTro yuacTKa
(ROI) 6bum paspaborausl B nporpamme ENVI 5.3. HopmanusoBauusiii qudpepeHIMaIbHbIi BereTallHOHHbBINA HHICKC
(NDVI) paccuntsiBaics ¢ momouisio mporpammsel ENVI 5.3 (rrcrorpaMmsl MO3BOJSUIM ONpEensaTh OHOMAcCy) U ¢
nomompio ArcGIS 10.3 (mms mHnmekca kmaccudukanmu). [ ompemeNeHUs KOPPesUH MEeXIy IepeMeHHBIMU
npuMeHsuuch koadduuuent [Tupcona (r) u nporpamma Statistica. beuta onpesienena ciuTHas KOPPEISAHMOHHAS IHHEHHAS
3aBucuMocTh Mexxay NDVI, xoandecTBoM OHOMAacCh M KIMMAaTHYECKHMH IepeMeHHBIMA. B ce30H nokaeit (amperns) ¢
OoJtee BEICOKOH TeMIepaTypoi U HHTeHCHBHOCTBIO ocankoB NDVI cocrasmsur >0,5 Ha Oomnpmreit yactu Tepputopn «Jla
TemOnanepa», a 6uomacca coctasmsuia 372613,0 T, Torma Kak B CyXoil ce30H (aBrycrt) ¢ 0ojiee HU3KOHM TeMIepaTrypoi u
0osee HU3KUMU OcaakaMu, Ha Oospmielt yactu miomaan NDVI camsmncs (0,14-0,5), a 6momacca cocraBmna 333856,95 .
Koaddumment Ilupcona moatBepami mpsMyro Koppeismuio (r=1) mexmy OHomaccod, ocamkamu, TeMIepaTrypoud Hu
BIIQKHOCTBI0. ClIe10BaTeNIbHO, CE30HHAS IMHAMUKA PACTUTEIILHOCTH U e OHoMacchl 00yCIIOBIICHA KOICOaHHAMH UMEHHO
9THX KIMMaTHYECKUX IepeMEHHBIX. TakuM o0pa3oM, B ce30H Hokaeil (Oosiee BBICOKHME OCaIKH, TemIeparypa U
BJII@)KHOCTB) OMOMacca yBeIMIHBaJIaCh. DTH Pe3yJIbTAaThl MOTYT OBITh HCIIOIB30BaHbI JAJISI TIOCTIEAYIONIET0 MOACIUPOBAHHUS
TIOCJICICTBUH M3MEHEHHS KIIMMaTa B JAHHBIX YKOCHCTEMaXx.

Kniouesvie cnosa: BomHo-60motHbIe yroaps, «JIa Tembmamepa», Landsat, NDVI, kiumaridyeckue riepeMeHHbIE.
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