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ABSTRACT

Today, climate change and its obvious negative effects on
ecosystems have caused concern. This research seeks to test
whether vegetation changes are sensitive to climate shocks and
also how the ecosystem recovery process is through this index.
In this regard, by using the GEE platform, Java coding, GIS and
statistical analysis, vegetation and Palmer indices were
calculated and based on time series climate data, vegetation and
climate changes were presented. The results of Palmer's drought
index show that during the statistical period (1985-2020) the
study area is facing drought or is moving towards drought. Also,
the results indicate the longest period of drought in the region
from 2013 to 2020. Totaly from 420 evaluated months, the
NDVI index is below the change threshold in 70 months. Among
these, 31 months of the study period is below the acceptable
threshold in green and non-reservoir seasons, which is
ecologically worrying. The distribution of the vegetation index
based on hexagons in 1985 and 2005 had a normal and almost
normal distribution; But in 2020, the graph deviated from the
normal state and skewed towards the vegetation cover index
under stress or even thin covers. According to the analysis of the
indicators, it is predicted that the Gorgan region is on the border
of such ecological developments and the historical ecosystem of
the region is moving towards new ecosystems or being in a new
equilibrium state with climatic conditions and human
disturbances.
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Extended Abstract

Introduction

Today, climate change and its obvious
negative effects on terrestrial ecosystems
have caused great concern to humans.
These changes are effective on vegetation
performance, plant distribution patterns,
and have economic and environmental
consequences. Therefore, it is important to
know the behavioral pattern of vegetation
changes  against  climate  changes.
Reviewing the studies of scientists in the
world shows many researchers have used
the NDVI index to study temporal and
spatial changes in vegetation and its
relationship with the climatic index of
precipitation in different parts of the world.
Studies have shown that NDVI follows
precipitation with different time scales.
Surveys showed that there are very few
studies on determining the threshold of
changes in the vegetation cover index in the
face of climate shocks. Determining these
thresholds can provide a suitable solution
for evaluating the state of the ecosystem,
the consequences of climate shocks and the
reversibility —or disturbance in the
ecosystem. This study was conducted with
the aim of improving our understanding of
the dynamics of vegetation in the forest city
of Gorgan during 1985-2020 against
climatic stresses.

Methodology

The current research is a comparative and
monitoring research and seeks to test
whether changes in vegetation cover are
sensitive to climate shocks and also how the
ecosystem recovery process is through this
index. To achieve the gole, first, NDVI
index was selected among the optimal
vegetation indices and its calculation
process was done as a time series in the
GEE system. In parallel with those climate
shocks, the main elements including
temperature, precipitation and storm were
calculated during the historical process of
35 years and the average and standard
deviation statistical indicators  were
calculated for them and the trend of
changes in the thresholds was determined.

The results of climate plots and climate
changes show that in the years before 1985,
2005 and 2020, drastic changes have
occurred in climatic elements and climatic
factors. Therefore, these years can be
considered as the periods when the climate
shock happened.. Next, the region was
divided into 436 hexagons and the NDVI
index for each of the hexagons was
calculated and modeled for the years 1985,
2005 and 2020 as selected years affected by
climate shocks. In conclusion, to analyze
the trend of changes in the time series of the
vegetation index and compare the behavior
of its changes with climatic indices, the
Palmer index was calculated.

Results and discussion

The results of climate change monitoring
based on the Palmer index showed that
during the statistical period the study area is
facing drought in most years. The most
severe climatic fluctuations and drought in
the region were recorded in 2018 and in the
months of October to December. The
longest period of drought has also prevailed
in the region from 2013 to 2020. During
this period, rainfall, temperature and storm
fluctuations have the most changes. The
results of drought monitoring show that in
270 months, the region is facing climatic
drought stress, 57 months of the study
period, the region is facing severe and very
severe drought stress. The results of the
time series of the NDVI vegetation index
showed that, out of the 420 evaluated
months, 70 months of the year the NDVI
index is below the change threshold, 31 of
which are in the green and non-
accumulating seasons, the seasons when the
vegetation is expected to be at its
maximum. Placing below the acceptable
range means crossing the ecological
thresholds and challenges the recovery and
restoration of the ecosystem, also the
ecological performance will be affected at
this point. Based on the assessment of the
Palmer index, from 2014 to 2019, the
situation of the Palmer index is in the
extreme drought range. Also, since 2015,
i.e. with a one-year time delay, NDVI index



has experienced the lower limit of the
equilibrium threshold of vegetation cover.
These conditions are also valid for the years
2008, 2009, 2002 and 1997. In general, it
can be said that the vegetation cover index
is dependent on climatic changes and
fluctuations and shows high sensitivity to
changes. The important point in this section
is that in the years when the NDVI index
changes are at the lower limit of the
threshold, we witness the most climate
shocks and temperature changes, the
occurrence  of severe storms and
precipitation fluctuations. The distribution
of the vegetation index based on hexagons
in 1985 and 2005 have a normal
distribution; but in 2020, the graph has
deviated from the normal state and skewed
towards the vegetation cover index under
stress or even thin covers. The visual
interpretation done on the vegetation cover
index in 1985 confirms the condition of the
vegetation cover in the southern and
western limits of the region in a state with
suitable dense and pasture vegetation and
forest cover on the edges. However, in 2005
and 2020, this cover has been changed and
mainly turned into agricultural land and
poor rangeland. In such a way that in 2020,
the situation of the region has revealed the
critical state of vegetation. The vegetation
cover index in the central areas of the city
has also reached from a relatively favorable
situation in 1985 to a critical situation with
almost no dense and stress-free vegetation
cover in 2020. The results of the present
studies are consistent with the studies of
Visentr Serrano et al. in 2013 and confirm
the relationship between NDVI vegetation
and climate change. In addition, the results
of the studies are consistent with the studies
of Alwesabi 2012, Xiai & Moody, 2005
and Yan et al. 2001. In such a way that the
present study and the aforementioned
studies all confirm the influence of the
vegetation index on climate fluctuations
and precipitation with a one-year time
difference.

Conclusion

In general, the threshold is defined as a
border with different conditions. After
crossing the thresholds, the stability and
positioning of the NDVI in the equilibrium
range is often difficult, and the ecosystem is
constantly spending energy to restore itself
or to position itself in a new stability state.
The result of the mentioned disorders is the
reduction of resilience and resistance in the
region, which leads the ecosystem to
alternative states or crossing the threshold
or being in a new equilibrium state. The
results showed that the areas where green
vegetation is concentrated and denser are
less affected by climatic stresses and show
more resilience. However, the areas that
have become spots and islands due to
destruction in the urban areas are more
affected by climatic stress and destruction
and show less tolerance against the
destruction factors. The results help
managers to focus their management plans
for the preservation and maintenance of
urban green spaces as well as forest and
pasture ecotones on the edge of the city by
knowing the thresholds.
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var isfahan = table;

Map.centerObject(isfahan);

var landsat = ee.ImageCollection('LANDSAT/LC@®8/CAL/T1 SR')

.TilterBounds(isfahan)

.filterDate('2813-81-81', '2821-81-81");

print({landsat);

var ndvi = landsat.map(function(img){
var index = img.normalizedDifference([ 65", '6B4']);
return index.rename( ndvi’)

1@ - .copyProperties(img, [ 'system:time_start’,

11 "system:time_end']);

12 1)

13  war chart = ui.Chart.image.series(

Ll

[E=1. . RN . R, I S FTR U

14 ndvi,isfahan, ee.Reducer.mean(),3®, system:time_start’
15 ).setChartType('ScatterChart')
16 ~ .setOptions({

17 title : 'ndvi changes over a year',
18 vAxis : {title :'ndvi values'},

19 haxis : {title :'date'},

28 linewWidth : 1,

21 pointSize : 2,

22 - series @ {

23 @ : {color : 'red'}

24 1

25 1)

26 print(chart);
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Map.centerObject(geometry);
Map.addLayer(geometry);
var pds = ee.ImageCollection( ' IDAHO EPSCOR/TERRACLIMATE')
filterBounds{geometry)
.filterDate('1955-81-81",'2821-81-81"}
select(pdsi')
.map(function(img)q{
return img.multiply(2.81)
g .copyProperties(img,[ 'system:time_start','system:time_end']);
18 });
11  wvar chart = ui.Chart.image.series(pds, geometry,
12  ee.Reducer.mean(), 1888, 'system:time start');
13 print{chart);
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