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Abstract

The climate trend is one of the most dominant factors likely to affect the structure and function of the wetlands of Keoladeo and
Bhitarkanika. This study compares the climate conditions and trends of two Ramsar sites in India, the Bhitarkanika and Keo-
ladeo wetlands. Forty-year climate data (1980-2020) were used to identify and measure the strength of possible climate change
in these habitats. Mann-Kendall’s test, Sen’s slope estimates and Sequential Mann-Kendall’'s (SQMK) test were used to study
the long-term and short-term trends of rainfall and climate of Bhitarkanika and Keoladeo. The results of this study matched
those of earlier studies conducted at a larger geographical scale. The study indicated significant changes in the parameters of
rainfall and temperature trends. A significant increase in annual rainfall (Sen’s slope = 5.24E+00, New p value = 2.75E-02) was
observed at Bhitarkanika, while the trend at Keoladeo was positive but insignificant. Both ecosystems are getting warmer. Sea-
sonal changes were also identified in the rainfall and temperature. The summer temperature rise was comparatively stronger at
Keoladeo (Tmax: Sen’s slope=2.33E-02, New p value=2.45E-02; T.: Sen’s slope=2.68E-02, New p value=1.39E-02). An in-
crease in monsoon temperature was also recorded in both ecosystems. Both wetland ecosystems are vulnerable to climate
change, but the Keoladeo wetland is at higher risk because stronger temperature changes have occurred in the past four dec-
ades. The SQMK test also suggests a more erratic climate in the Keoladeo wetlands. The study highlights the comparative
changes occurring in both ecosystems. This is the first study identifying both long-term and short-term changes in these wet-
lands at a smaller geographical scale.
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INTRODUCTION

Wetlands are ecosystems with water-saturated soil ei-
ther throughout the year or seasonally. Wetlands are
extremely useful ecosystems with high benefits to hu-
mans and biodiversity (Salimi et al., 2021). Although
their total area is very small throughout the planet, their
importance cannot be neglected. Wetlands provide
unique and highly productive habitats for a variety of
biodiversities, such as waterfowl and other aquatic fau-
na. Wetlands are also economically important because
of their economic utility, such as rice production, fisher-
ies and other aquaculture. However, wetlands are a
very fragile ecosystem and vulnerable to climate
change. The structure and function of wetland ecosys-
tems are largely dependent on the hydrological regime

of an area and are hence susceptible to climate
change. Climate change can alter the biogeochemistry,
water availability, aquatic fauna, plant community and
overall productivity of wetlands (Weltzin et al., 2000,
Laine et al., 2014, Dieleman et al., 2015, Salimi et al.,
2021).

India is a large country with several unique wetland
ecosystems (Prasad et al., 2002). Wetlands in India are
located in various landscapes, including the Himalayas,
arid regions, river plains, Deccan Plateau and coastal
regions (Prasad et al., 2002). Many of these are man-
made and managed, but most are natural and depend-
ent on natural climatic conditions. Rainfall and temper-
ature changes have been identified in many regions of
India (Mondal et al., 2015), which can threaten all wet-
lands. Both man-made and natural wetlands face cli-
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mate change problems directly or indirectly (Salimi et
al., 2021). It is vital to identify climate change-
vulnerable wetlands and prepare a management plan
for each of these wetlands.

Keoladeo and Bhitarkanika are the two most important
Ramsar wetland sites in India. Both ecosystems are
unique and different from each other in terms of their
geolocation. These ecosystems are home to unique
waterfowl and other biodiversity, such as saltwater
crocodile (Crocodylus porosus), which is of conserva-
tion importance (Pradhan and Kar, 2018, Sugandh and
Joshi, 2018, Gopi and Pandav, 2007, Ali and Vijayan,
1980). This study compares the climate trends in these
two wetlands to determine whether these two ecosys-
tems are changing in climate conditions. However,
large geographical studies have tested the climate
trend in the region of the two wetlands mentioned
above (Mondal et al., 2012, 2015, Pal et al., 2019, Ra-
marao et al., 2019, Singh et al, 2019). Few studies
have focused on the small-scale climate of the men-
tioned wetlands (Bal and Banerjee, 2019, Ramnathan
et al., 2010). The present study aimed to compare the
regional climatic conditions of Keoladeo National Park
(Keoladeo) and Bhitarkanika  National Park
(Bhitarkanika) located in the different climatic zones of
India. A comparative approach was used to study the
rainfall and temperature to identify long-term and short-
term climate trends in these wetlands at a small geo-
graphical scale.

MATERIALS AND METHODS

Study area

The wetlands Keoladeo National Park (Keoladeo) and
Bhitarkanika National Park (Bhitarkanika) are located in
the different climatic zones of India (Fig. 1). Both of
these ecosystems are unique and comprise very differ-
ent ecosystem conditions. Both protected areas have
been recognized as wetlands of international im-
portance under the Ramsar convention (1972). Both
Bhitarkanika and Keoladeo are home to the two of In-
dia's largest aggregations of heronries. Nearly 15 spe-
cies of heronry birds breed in these two ecosystems.
Keoladeo is a semi-arid zone and a combination of de-
ciduous, scrub, grasses, shrubs and a few evergreen
vegetation habitats (Ali and Vijayan 1985). It is located
in the semi-arid area (27°7.6¢—27°12.2N and 77°29.5¢
—77°33.2E) of district Bharatpur in the state of Raja-
sthan, India. It is spread in 28 sq. ft. (7100 Acres) of
area. Bhitarkanika is a coastal ecosystem dominated
by mangrove vegetation (Gopi and Pandav 2007). It is
the second-largest mangrove after the Sundarbans,
covering 675 sq. km of area. It is located on the eastern
coast in the district of Kendrapara in the state of Orissa
(20°04'-20°08'N and 86°45'-87°50'E). (20°04'-20°08'N
and 86°45'-87°50'E).

Climate data
Rainfall and temperature were used as variables of
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Fig. 1. Map of India showing the location of the Keoladeo
Verma and Prakash 2007, Prasad et al., 2015)

and Bhitarkanika wetlands (Map not to scale) (adapted from
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climate. These were further classified according to the
season. Temperature, both maximum and minimum,
was used in the analysis. Temperature and rainfall data
(1980-2020) were downloaded using the Indian Meteor-
ological Department (IMD)  website  (https://
dsp.imdpune.gov.in). Geographical locations on the
IMD website were searched for both ecosystems. A
grided file at 1 x 1 degrees and 0.5 x 0.5 degrees reso-
lution was downloaded to obtain temperature and rain-
fall data (https://dsp.imdpune.gov.in). For analysis pur-
poses, rainfall data were subdivided into two variables,
summer rainfall (March-May) and monsoon rainfall
(June - September). Temperature data were catego-
rized according to the season into maximum and mini-
mum monsoon and summer temperature. The annual
mean was also considered separately for description
purposes. A final list of climate variables tested for the
trend is given in Table 1. Significant changes between
both ecosystems were compared using a pairwise t test
or a test depending on the statistical distribution of cli-
mate variables. The study was limited to the past four
decades, as the objective was to see the recent chang-
es in the climate.

Identification of long-term climate trends

Modified Mann-Kendall (MK) test statistics and sequen-
tial Mann-Kendall (SQMK) plot results were used to
study the climate of the Keoladeo and Bhitarkanika
ecosystems. Modified Mann-Kendall's (MK) test was
applied to test the long-term trends of climate parame-
ters. The modified MK test is not affected by autocorre-
lated data (Hamed and Rao 1998). Zc statistics were
calculated for the identification of monotonic trends. If
the Zc value was >1.96 (at the 95% confidence level),
the null hypothesis was rejected, i.e., there was no
trend. At the 90% confidence level, the null hypothesis
was rejected if the Zc value was >1.645. Apart from Z
statistics, Sen’s slope was also calculated to check the

magnitude of change (Hamed and Rao 2008). Sen’s
slope is a nonparametric test and robust in the quantifi-
cation of the magnitude of change (Radziejewski and
Kundzewicz 2004). The positive and negative values of
Sen's slope indicate increasing and decreasing trends,
respectively. The MK test is useful in detecting long-
term trends, but it is not adequate to detect short-term
trends in a long data series. Sequential Mann-Kendall’s
(SQMK) plot was applied to detect the point of a trend
change (Salehi et al., 2020). Although Sen’s slope is a
good estimate to identify long-term trends, it cannot
point to changes between the time series. A short-term
trend can also be easily identified using a sequential
MK plot in a long series of data. This test utilizes the
calculation of a progressive time series u(t) and a back-
wards series u’(t) to identify changes in the values of a
variable (Partal and Kahaya 2007). If a progressive
series u(t) crossed the 95% confidence limit and did
not return, it indicated the occurrence of either a signifi-
cant increasing or decreasing trend. The sudden
change could also be statistically significant provided u
(t) and u’(t) cross with each other after straight lines at
1 1.96 (95% confidence limit) in the SQMK plot. SQMK
could also be applied in detecting insignificant trend
changes. All analyses were performed using program R.

RESULTS AND DISCUSSION

Climate of Bhitarkanika and Keoladeo

The present study showed that both Keoladeo and Bhi-
tarkanika ecosystems differed in climatic conditions.
Annual rainfall in both ecosystems was significantly
different (t = -19.146, p value = 0.0000). Bhitarkanika
receives more annual rainfall than Keoladeo (Table 1,
Fig. 2). Expectedly, total rainfall in both wetland habi-
tats was highly correlated with monsoon rainfall
(CORBHITARKANIKA = 087, CORKEOLADEO = 098) Most of
the rainfall was received during the monsoon, and
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Fig. 2. Boxplot showing differences between annual climate conditions: a) maximum temperature (degree Celsius), b)
minimum temperature (degree Celsius), and c) total rainfall (TRF) (mm)
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Table 1. Descriptive statistics of climate parameters of the wetlands

BHITARKANIKA KEOLADEO

VariableSite Mean (SE) gter:/aigtai:)(:\ Range Mean gg:,?gtai{,?, Range
Annual Temperature (max) 31.87 0.38 1.72 32.23 0.58 3.22
Annual Temperature (min) 22.09 0.39 1.47 18.71 0.48 217
Summer temperature (max) 35.12 0.7 3.8 36.77 1.2 6.54
Monsoon temperature (max) 32.34 0.45 1.62 35.562 0.76 4.28
Summer temperature (min) 24.2 0.57 2.66 20.66 0.85 4.46
Monsoon temperature (min) 24.88 0.39 1.68 24.75 0.45 1.71
Annual Rainfall 1630.47 302.38 1289.03 582.99 176.85 748.82
Summer Rainfall 184.13 107.03 446.47 25.86 22.81 109.49
Monsoon Rainfall 1352.85 306.07 1281.45 531.23 180.51 735.477

Note: Values of temperature and rainfall are in degrees Celsius and millimeters

hence, the strong positive correlation was between total
annual rainfall and the monsoon rainfall. Monsoon rain-
fall and summer rainfall were significantly higher at Bhi-
tarkanika (Fig. 3, Table 1). Keoladeo faced a scarcity of
rainfall and remained dry in summer. Overall, Bhitar-
kanika received approximately 200% more rainfall than
Keoladeo (Table 1).

At both Bhitarkanika and Keoladeo, summer was highly
variable in temperature (Table 1, Fig. 3). Keoladeo was
slightly warmer but also experienced lower tempera-
tures. Summer at Bhitarkanika was also comparatively
static in temperature (Table 1, Fig. 3) and cooler than
Keoladeo (Table 1). The monsoon in Keoladeo was
warmer than that in Bhitarkanika. Overall, Keoladeo
was warmer and drier than Bhitarkanika (Table 1). In
the long-term climate, Keoladeo experienced more vari-
ation in rainfall and erratic temperature conditions (Fig.
2, Table 1).

Trend in rainfall and temperature
Annual rainfall at Bhitarkanika showed an increasing

trend (Table 2), and no significant changes were detect-
ed in rainfall trends (annual, monsoon or summer) at
Keoladeo. Although annual rainfall showed an increas-
ing trend, a significant increase was not recorded in
monsoon or summer rainfall at Bhitarkanika, indicating
a possible rainfall change in other seasons. Mondal et
al. (2015) also found a significant increasing trend of
rainfall (1871-2011) during summers and winters in the
east coast region of India, confirming the results of this
study. After 1987, Bhitarkanika experienced an overall
increase in rainfall (Fig. 4); however, a decreasing trend
was recorded in the last decade (after 2010). As ex-
pected, a similar pattern was recorded in summer and
monsoon rainfall. A small insignificant declining trend of
rainfall was observed at Keoladeo (Table 2). Similar to
Bhitarkanika, Keoladeo also underwent an increasing
trend from 1987 to 2000, after which there was a de-
cline in the rainfall trend (Fig. 4).

Temperature (max) significantly increased in the Bhitar-
kanika region. The annual, summer and monsoon tem-
peratures (max) increased, suggesting an impact of

Table 2. Modified MK trend test results of rainfall and temperature (1980-2020)

Variable BHITARKANIKA KEOLADEO
Sen's slope New p value Sen's slope New p value

Annual Rainfall 5.24E+00 2.75E-02 1.46E+00 6.13E-01
Summer Rainfall 5.64E-01 5.22E-01 4.03E-01 1.02E-01
Monsoon Rainfall 5.336596 0.2043665 1.19E+00 6.78E-01
Annual Temperature (Max) 1.72E-02 1.84E-04 2.94E-04 9.19E-01
Summer Temperature (Max) 1.93E-02 3.02E-02 2.33E-02 2.45E-02
Monsoon Temperature (Max) 2.31E-02 3.40E-04 4.96E-03 5.52E-01
Annual Temperature (Min) 3.50E-03 5.50E-01 2.19E-02 1.02E-05
Monsoon Temperature (Min) 6.71E-03 1.11E-01 2.24E-02 1.07E-03
Summer Temperature (Min) 5.53E-03 4.38E-01 2.68E-02 1.39E-02

*Significant trend changes are marked in bold
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Fig. 3. Seasonal climate differences between Bhitarkanika and Keoladeo (minimum summer temperature = Tmin_S,
maximum summer temperature = Tmax_S, minimum monsoon temperature = Tmin_M, maximum monsoon temperature
= Tmax_M, summer rainfall = SRF, monsoon rainfall = MRF) (values of temperature and rainfall are in degrees Celsius

and millimeters)

warming in the region. It is evident from Table 2 that
the mean monsoon temperature (max) and mean annu-
al temperature (max), both, have significantly increased
in the past four decades at Bhitarkanika. Although in-
significant, temperatures (min) during summer, mon-
soon, and annual also showed an increasing trend at
Bhitarkanika. The annual temperature (max) at Keo-
ladeo indicated no significant trend. The monsoon peri-
od temperature (max) showed a similar pattern. The
temperature (min) trends at Keoladeo were similar to
those at Bhitarkanika. The point of temperature (min)
change (1998) for both seasons, summer and mon-
soon, was the same (Fig. 5). The temperature change
started to occur after 1994.

Summer temperature (max) increased significantly and
more strongly at Keoladeo, as indicated by the value of
Sen’s slope in Table 2. The summer temperature (min)
also showed a significant increase only at Keoladeo
and not at Bhitarkanika. Summer temperatures started
increasing significantly post-1998 at Keoladeo (Fig. 6).
Although the monsoon temperature (max) remained
static, the minimum temperature recorded during the
monsoon increased significantly at Keoladeo. Overall,
there was a significant increase in minimum and maxi-
mum temperatures at Keoladeo and Bhitarkanika, re-
spectively.

Coastal areas have experienced considerable warming
in India (Mondal et al., 2012). Orissa has seen signifi-
cant changes in the rainfall pattern for more than 100
years (Patra et al., 2012). The present study confirms

the increasing trend in rainfall at Bhitarkanika in the last
four decades, matching the rest of Orissa state (Patra
et al. 2012). A mangrove habitat is even more suscepti-
ble to changes in the climate. Sippo et al. (2018) point-
ed out that mangroves can experience higher mortality
because of extreme climate events such as extreme
heat. The present study confirms the occurrence of
higher temperatures and hence the vulnerability of Bhi-
tarkanika mangroves.

The present study has concluded similar trends in rain-
fall in semi-arid zones, matching other studies (Mehta
and Yadav, 2021, Ramarao et al., 2019, Singh et al,,
2019, Pingale et al., 2016). Pingale et al. (2016) did not
find a significant trend in rainfall at Ajmer. A 144-year
long-term climate analysis of eastern and western Ra-
jasthan concluded similar results (Mehta and Yadav,
2021). A vulnerability assessment of Rajasthan to cli-
mate change categories District Bharatpur, location of
Keoladeo, as vulnerable to climate change (Singh et
al., 2019). The present study and other earlier studies
(Mehta and Yadav, 2021, Jhurawat et al., 2020, Rama-
rao et al., 2019, Singh et al., 2019 and Pingale et al,,
2014) of the region indicate that the Keoladeo region is
vulnerable to climate change, even though there is no
significant trend of rainfall. However, studies do indi-
cate high interannual variability in rainfall (Pingale et al.
2014). Moreover, a few more studies on aridity index
analysis have confirmed this region's increasingly drier
conditions, making this habitat more vulnerable to cli-
mate change (Jhurawat et al., 2020, Ramarao et al.,
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2019).

The expected results in this study indicate very different
climate conditions at Keoladeo and Bhitarkanika. Previ-
ous studies (Mondal et al., 2012, 2015, Pal et al., 2019,
Ramarao et al., 2019, Singh et al., 2019) and the pre-
sent study showed that both ecosystems are experi-
encing changing rainfall and temperature patterns. Both
ecosystems are located at unique locations and hence
have different climate impact scenarios. The Keoladeo
region is getting warmer during summers, with temper-
atures (min) rising in all seasons. The warmer and drier
conditions can cause a decline in the habitat quality of
Keoladeo; hence, a management plan is needed ac-
cording to the climate change patterns. Notably, Bhitar-
kanika is also getting warmer with more rainfall. This
changing climate will also affect the habitat quality of
the Bhitarkanika wetland. Authorities should be more
careful in monitoring the situation at Bhitarkanika be-
cause of its mangrove nature. Mangroves are even
more sensitive to climate change (Sippo et al., 2018)
The present study is limited in exploring all the parame-
ters of climate and hence limited in understanding the
full situation climate impact. Other parameters, such as
wet day frequency, cloud cover, potential evapotranspi-
ration, and reference evapotranspiration, will provide a
better understanding of climate conditions. It is also
important to further expand the scope of this study to
link the long-term monitoring of biodiversity in these two
wetlands with climate change (Dwevedi et al., 2021).

Although both are monitored to some extent (Dwevedi
et al., 2021, Pradhan and Kar 2018, Kumar 2009), the
inclusion of some parameters on biodiversity will im-
prove the understanding of the impact of climate
change on wetlands. Presently, some biodiversity data
are available, but there are some data gaps (Dwevedi
et al., 2021, Pradhan and Kar 2018). Although the data
gaps can be overcome by applying suitable statistical
methods (Dwevedi et al., 2021), complete data sets are
always recommended. In the light of earlier and present
studies, an integrated long-term monitoring and man-
agement plan for Bhitarkanika and Keoladeo is recom-
mended to allow better planning and conservation of
these wetlands. Similar studies must be applied to oth-
er wetlands.

Conclusion

The present study compares climate conditions in In-
dia's Keoladeo and Bhitarkanika regions over the past
40 years. Both ecosystems have gone under significant
changes in climatic conditions. They are getting warmer
with erratic short-term patterns of temperature. The
rainfall conditions are static and increasing at Keoladeo
and Bhitarkanika, respectively. Semi-arid conditions in
eastern Rajasthan make Keoladeo more vulnerable to
warming and hence threaten the ecology of the ecosys-
tem. Bhitarkanika, although warming, is receiving more
rainfall. However, changing climate conditions need to
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be studied with other aspects, such as the local hydrol-
ogy and biodiversity of the ecosystem, to understand
the impact of climate change. More specific studies on
ecology will help in framing the climate-resilient man-
agement plan for both ecosystems. This study is the
first attempt to look at the short-term and long-term
climate trends at the regional scale of both ecosystems.
It is suggested that a sustainable monitoring plan of
different aspects of the ecosystem be implemented to
link the climate condition with abiotic and biotic factors
of both ecosystems.

Conflict of interest
The authors declare that they have no conflict of
interest.

REFERENCES

10.

1.

Ali, S. & Vijayan, V. S. (1980). Keoladeo National Park
ecology study. Summary Report, 1985.

Bal, G. & Banerjee, K. (2019). Carbon storage potential of
tropical wetland forests of South Asia: a case study from
Bhitarkanika Wildlife Sanctuary, India. Environmental
Monitoring and Assessment, 191(3), 1-22. https://
doi.org/10.1007/s10661-019-7690-y

Dieleman, C.M., Branfireun, B.A., McLaughlin, JW. &
Lindo, Z. (2015). Climate change drives a shift in peatland
ecosystem plant community: implications for ecosystem
function and stability. Global Change Biol. 21, 388—
395 https://doi.org/10.1111/gcb.12643

Dwevedi, R., Deo, V., Sethy, J., Gupta, R. & Mylswamy,
M. (2021). Performance of imputation-based models in
predicting breeding population trend of a near-threatened
bird in changing water regime: A 36-year long-term case
study of Painted Stork, Mycteria leucocephala. Journal of
Applied and Natural Science, 13(3), 1072-1082. https://
doi.org/10.31018/jans.v13i3.2876

Gopi, G. V. & Pandav, B. (2007). Avifauna of Bhitarkanika
mangroves, India. Zoos’ Print Journal, 22(10), 2839-2847.
Hamed, K. H. & Rao, A. R. (1998). A modified Mann-
Kendall trend test for autocorrelated data. Journal of hy-
drology, 204(1-4), 182-196.

Jhurawat, R., Pani, P. & Mahala, A. (2020). Aridity As-
sessment Of Semi-Arid Agro-Climatic Zones: A Study Of
Eastern Rajasthan. Annals of the National Association of
Geographers India 40(2), 173-186. https://
doi.org/10.32381/ATNAGI.2020.40.01.6

Kumar, A (2009). Keoladeo National Park Management
Plan, Department of Forest, Government of Rajasthan,
India

Laine, M.P.P., Strommer, R. & Arvola, L., (2014). DOC
and CO2-C releases from pristine and drained peat soils
in response to water table fluctuations: a mesocosm ex-
periment. Appl. Environ. Soil Sc. 2014(ArticlelD 912816).
https://doi.org/10.1155/2014/912816

Mehta, D. & Yadav, S. M. (2021). Analysis of Long-Term
Rainfall Trends in Rajasthan, India. In Climate Change
Impacts on Water Resources (pp. 293-306). Springer,
Cham.

Mondal, A., Khare, D. & Kundu, S. (2015). Spatial and

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

temporal analysis of rainfall and temperature trend of In-
dia. Theoretical and applied climatology, 122(1), 143-158.
https://doi.org/10.1007/s00704-014-1283-z

Mondal, A., Kundu, S. & Mukhopadhyay, A. (2012). Rain-
fall trend analysis by Mann-Kendall test: A case study of
north-eastern part of Cuttack district, Orissa. International
Journal of Geology, Earth and Environmental Sciences, 2
(1), 70-78.

Pal, L., Ojha, C. S. P., Chandniha, S. K. & Kumar, A.
(2019). Regional scale analysis of trends in rainfall using
nonparametric methods and wavelet transforms over a
semilJarid region in India. International Journal of Clima-
tology, 39(5), 2737-2764. https://doi.org/10.1002/joc.5985
Partal, T. & Kahya, E. (2006) Trend analysis in Turkish
precipitation data. Hydrol Proced 20(9):2011-2026 https://
doi.org/10.1002/hyp.5993

Patra, J. P., Mishra, A., Singh, R., & Raghuwanshi, N. S.
(2012). Detecting rainfall trends in twentieth century (1871
—2006) over Orissa State, India. Climatic Change, 111(3),
801-817. https://doi.org/10.1007/s10584-011-0215-5
Pingale, S. M., Khare, D., Jat, M. K., & Adamowski, J.
(2014). Spatial and temporal trends of mean and extreme
rainfall and temperature for the 33 urban centers of the
arid and semi-arid state of Rajasthan, India. Atmospheric
Research, 138, 73-90. https://doi.org/10.1016/j.atmosre
5.2013.10.024

Pingale, S. M., Khare, D., Jat, M. K. & Adamowski, J.
(2016). Trend analysis of climatic variables in an arid and
semi-arid region of the Ajmer District, Rajasthan, In-
dia. Journal of Water and Land Development, 28(1), 3.
Pradhan, S. D. & Kar, S. (2018). Decade Long Study on
Colonial Nesting of Waterbirds in Bhitarkanika National
Park, Odisha, India. Indian Forester, 144(10), 958-962.
DOI: 10.36808/if/2018/v144i10/139580

Prasad, K. A., Gnanappazham, L., Selvam, V., Rama-
subramanian, R. & Kar, C. S. (2015). Developing a spec-
tral library of mangrove species of Indian east coast using
field spectroscopy. Geocartography International, 30(5),
580-599. https://doi.org/10.1080/10106049.2014.985743
Prasad, S. N., Ramachandra, T. V., Ahalya, N., Sengupta,
T., Kumar, A., Tiwari, A. K, Vijayan, V. S. & Vijayan, L.
(2002). Conservation of wetlands of India-a re-
view. Tropical Ecology, 43(1), 173-186.

Radziejewski, M., & Kundzewicz, Z. W. (2004). Detectabil-
ity of changes in hydrological records/Possibilité de dé-
tecter les changements dans les chroniques hy-
drologiques. Hydrological Sciences Journal, 49(1), 39-51.
https://doi.org/10.1623/hysj.49.1.39.54002

Ramarao, M. V. S., Sanjay, J., Krishnan, R., Mujumdar,
M., Bazaz, A. & Revi, A. (2019). On observed aridity
changes over the semi-arid regions of India in a warming
climate. Theoretical and applied climatology, 136(1), 693-
702. https://doi.org/10.1007/s00704-018-2513-6
Ramnathan, A. L., Ranjan, R. K., Prasad, M. B. K., Chau-
han, R., & Singh, G. (2010). Sediment-nutrient dynamics
in selected Indian mangrove ecosystems-land use and
climate change implications. /JAHS-AISH publication, 337,
84-92.

Salehi, S., Dehghani, M., Mortazavi, S. M. & Singh, V. P.
(2020). Trend analysis and change point detection of sea-
sonal and annual precipitation in Iran. International Jour-
nal of Climatology, 40(1), 308-323. https://doi.org/10.1002/

339


https://doi.org/10.1111/gcb.12643
https://doi.org/10.31018/jans.v13i3.2876
https://doi.org/10.1007/s00704-014-1283-z
https://doi.org/10.1002/joc.5985
https://doi.org/10.1002/hyp.5993
https://doi.org/10.1002/hyp.5993
http://dx.doi.org/10.36808/if%2F2018%2Fv144i10%2F139580
https://doi.org/10.1080/10106049.2014.985743
https://doi.org/10.1623/hysj.49.1.39.54002
https://doi.org/10.1007/s00704-018-2513-6
https://doi.org/10.1002/joc.6211

Dwevedi, R. et al. / J. Appl. & Nat. Sci. 14(2), 332 - 340 (2022)

25.

26.

27.

joc.6211

Salimi, S., Almuktar, S. A., & Scholz, M. (2021). Impact of
climate change on wetland ecosystems: A critical review
of experimental wetlands. Journal of Environmental Man-
agement, 286, 112160. https://doi.org/10.1016/j.jenvma
n.2021.112160

Singh, N. P., Singh, S., Anand, B. & Bal, S. K. (2019).
Climate vulnerability assessment in semi-arid and arid
region of Rajasthan, India: An enquiry into the disadvan-
taged districts. Journal of Agrometeorology, 21(2), 197-
202. https://doi.org/10.54386/jam.v21i2.233

Sippo, J. Z., Lovelock, C. E., Santos, I. R., Sanders, C. J. &
Maher, D. T. (2018). Mangrove mortality in a changing cli-
mate: An overview. Estuarine, Coastal and Shelf Sci-
ence, 215, 241-249. https://doi.org/10.1016/j.ecss.2018.1 0.011

28.

20.

30.

Sugandh, S., & Joshi, P. K. (2018). Evaluation of ecosys-
tem services of Keoladeo National Park (Rajasthan, India)
using geospatial tools. In Land-use Related Biodiversity in
India, 18.

Verma, A. & Prakash, V. (2007). Winter roost habitat use
by Eurasian marsh harriers Circus aeruginosus in and
around Keoladeo National Park, Bharatpur, Rajasthan,
India. Forktail, 23, 17.

Weltzin, J.F., Pastor, J., Harth, C., Bridgham, S.D., Up-
degraff, K. & Chapin, C.T. (2000). Response of bog and
fen plant communities to warming and water-table manip-
ulations: Appendix B. Methods for estimation of ANPP in
mesocosm plots. Ecology 81, 3464-3478 https://
doi.org/10.1890/0012-9658(2000)081[3464:ROBAFP]
2.0.C0O;2

340


https://doi.org/10.1002/joc.6211
https://doi.org/10.1016/j.jenvman.2021.112160
https://doi.org/10.1016/j.jenvman.2021.112160
https://doi.org/10.54386/jam.v21i2.233
https://doi.org/10.1016/j.ecss.2018.10.011
https://doi.org/10.1890/0012-9658(2000)081%5B3464:ROBAFP%5D2.0.CO;2
https://doi.org/10.1890/0012-9658(2000)081%5B3464:ROBAFP%5D2.0.CO;2
https://doi.org/10.1890/0012-9658(2000)081%5B3464:ROBAFP%5D2.0.CO;2

