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Assessing the response of forests to environmental variables using a 
dynamic global vegetation model: an Indian perspective 
 
Forest ecosystems form an intricate non-
linear relationship with their surround-
ings. Therefore, the underlying processes 
are difficult to quantify. As a result, it 
makes the task quite challenging to eva-
luate the response of vegetation to their 
surrounding environment1. Predicting 
responses of vegetation dynamics re-
quires a clear understanding of how  
different physiological and ecological 
processes are influenced by environmen-
tal drivers. A clear causality between the 
types and levels of stresses and corres-
ponding responses of forests is necessary 
for making any rational inferences2.  
Significant progress in scientific under-
standing of plant–environment relation-
ship, supplemented with the historical  
sequence of discoveries, is gradually im-
proving the knowledge about the under-
lying functional relationship of plants 
with the environment. On the other hand, 
improved computational capabilities to 
handle multiple complex equations 
representing various functional relation-
ships have made it possible to upscale 
the eco-physiological processes from an 
individual leaf to a global forest cover 
through computer-based programs, 
usually termed as a ‘Model’.  
 These models are developed to capture 
the transient response by adopting vari-
ous approaches and assumptions3. Models 
provide a framework to test our quantita-
tive knowledge and hypotheses to answer 
queries related to plant process or com-
bination of processes4. There have been 
continuous attempts to model the vegeta-
tion response through important ecologi-
cal entity and processes; such as, the 
modelling of phenology, physiological 
functions, growth and succession, diver-
sity and dominance, habitat suitability, 
competition and mortality, susceptibility 
to insect and pest attack, cycling of nu-
trients, fluxes of energy, water and CO2, 
etc. Ecological process-based models are 
the most recent generation of models for 
such studies. These models are capable 
of simulating transient patterns of vege-
tation, carbon stocks, nutrient cycling 
and fluxes, productivity of the ecosys-
tem, and possible effects of temperature, 
precipitation and CO2 fertilization. Once 
the effect of specific climate variables 
that govern the growth of forests is un-

derstood, the process-based models can 
simulate the potential implications of 
climate change and climatic variability. 
A wide variety of process-based models 
available nowadays simulate eco-
physiological process from leaf to stand, 
from stand to landscape, and from land-
scape to global scale5. The forest science 
has evolved in recent decades, and thus, 
the forest models. The improved under-
standing of the complex processes has 
given impetus to a new generation of 
process-based models6. The new genera-
tion of models can simulate a large range 
of eco-physiological processes explicitly 
at varying temporal resolution for local 
as well as global coverage. 
 The most recent generation of models 
which integrates dynamic physiological 
processes to simulate the response of  
environmental variables to predict its 
impact upon plants at regional to global 
scales are categorized as Dynamic Global 
Vegetation Models (DGVMs)5. These are 
process-based mechanistic models used 
for assessing the impact of climate 
change on forests3,7. These models have 
been developed using field-based obser-
vations and experimental data5. As 
DGVMs are the most recent generation 
of models, they may often inherit the 
frameworks and philosophy of pre-
existing models for representing various 
processes within a model5. 
 Forest managers in India are looking 
for well-validated models for integrating 
the output at the policy level. This has 
been restricted by testing of only a few 
DGVMs that focus on the national level 
impact studies, such as the Integrated 
Biosphere Simulator (IBIS)8 and the 
Lund Potsdam Jena model (LPJ)9. Unlike 
other developed countries, India still lags 
in developing DGVMs while there have 
been very limited attempts in the testing 
of existing DGVMs. In the absence of 
testing of multiple DGVMs, mostly the 
simulation outputs of IBIS10 have widely 
been referred to in the climate change 
policy documents in India. However, a 
large number of DGVMs have evolved in 
the recent decades5 that need to be tested 
in application to Indian forests. Inter-
comparison of the simulation results and 
ensemble approach of testing of different 
DGVMs would help in establishing the 

stimulus–response relationship with more 
confidence, such as to measure the im-
pacts of changing ambient environment 
on the functioning of the forest ecosys-
tem. The focus of research is desirable to 
test the strength of models when simulat-
ing plant–environment related attributes 
such as the phenology, leaf area index, 
stem biomass, root–shoot ratio, soil–
plant biogeochemistry, plant growth, 
structure and composition of plant com-
munity, and competition among them, 
etc. Sensitivity analysis of parameters, to 
which models may behave in an awk-
ward way, need to be evaluated. How 
well a DGVM captures the structure,  
basic assumptions and the dynamics of a 
forest ecosystem at the regional level for 
different dominant forest types requires 
validation with reference to India.  
 In India, there has been limited at-
tempt to develop DGVMs while the use 
of DGVM of external origin has been  
limited to IBIS and LPJ5. DGVMs 
represent various interlinked plant–
environment relationship through mul-
tiple files, routines and sub-routines 
linked to each other which is usually not 
easy to comprehend if the user is not a 
part of the development team. This 
makes the task cumbersome for the users 
to understand the inbuilt equations that 
represent different modules in a DGVM. 
At the same time, the programing lan-
guage that describes the complex 
processes through various equations is 
not so easy to understand and therefore 
scope to fine-tune the model becomes a 
tiresome process. This provides an op-
portunity to develop a model where  
developers have clear understanding of 
processes presented within a model and 
the inherent limitations of the model. 
This will hold the scope of modifying or 
changing sub-modules of the model to 
describe the environment–plant relation-
ship more explicitly at regional level. 
Long-term observation of plot data to-
gether with the assemblage of frag-
mented knowledge could be used for the 
fine tuning of existing models and for 
developing independent sub-modules of 
a DGVM.  
 Development of models for agriculture 
crops (InfoCrop)11,12 by Indian Agri-
cultural Research Institute, Delhi is  
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commendable while such models for  
forests by Indian groups are lacking. Re-
cently, a collaborative attempt was made 
by the authors with the G.B. Pant Natio-
nal Institute of Himalayan Environment 
and Sustainable Development, Almora, 
India, and the York University, and the 
Ontario Tech University, Canada to de-
velop a dynamic model for the Indian 
Chir pine (Pinus roxburghii) – the Phe-
noPine13, that can be used to trace the 
phenological changes in Chir pine in re-
sponse to ambient temperature rise. The 
PhenoPine is an initial module of the 
DGVM that we plan to develop as a full-
fledged model for the pine-dominant 
landscape. In due course, we wish to de-
velop models for other dominant and 
mixed forests that could be coupled with 
the climate models to assess the response 
of forests under projected climate change 
scenarios at regional to global scales. 
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Earthquake swarms in Palghar district, Maharashtra, Deccan  
Volcanic Province 
 
The Palghar district of Maharashtra falls 
in zone III of the seismic zoning map of 
India, where earthquakes up to magni-
tude 6.0 can occur1. A swarm activity 
was started in the Palghar district of Ma-
harashtra in November 2018 and is still 
continuing (till the end of November 
2019). According to reports from the Na-
tional Centre for Seismology (NCS), 
more than 1,000 earthquakes of micro-to-
minor magnitude have occurred in the 
Dahanu and Talasari talukas of Palghar 
district, from 3 November 2018 to 15 
February 2019. The biggest tremor of 
magnitude ML 3.7 was recorded on 1 
February 2019, at 3.54 PM (IST). The 
people of Dahanu and Talasari talukas 
were panicked by the abnormal ground 
vibration and burst sound that they felt. 
In fact, Jawahar city in Palghar district 
has experienced swarms several times 
earlier. Another vulnerable region in 
Maharashtra is Amravati, which wit-
nessed swarm activity in August 2018 
(ref. 2). In 1856, the region experienced 
an earthquake of magnitude 5.7 (Figure 

1 a)3,4. The objective of the present study 
is to provide preliminary information 
about the ongoing swarm activity imme-
diately after its occurrence. Since the  
local networks have been deployed a few 
days after the swarm activity, we  
attempted to understand the nature of 
swarm activity, utilizing data from the 
existing Gujarat seismic network. 
 The entire study region is almost cov-
ered with Deccan traps (Figure 1 b). The 
major fault in the region is the West 
Coast Fault (WCF), whose origin is 
linked to the splitting away of the Indian 
plate from the Gondwanaland5,6. The 
Ghod and Upper Godavari are the other 
faults in the vicinity of Palghar7. Further, 
the lineament/dykes in the region domi-
nantly trend in the N–S and NW–SE  
directions6. The field observations reveal 
that the lineaments represent fracture 
zones, shear zones, faults and dykes6. 
The coast parallel Panvel flexure is 
another major tectonic feature present in 
the area4,6, along which the Deccan ba-
salts dip to the west, with an increasing 

amount of dip. The axial trace of this 
flexure trends in the NNW direction,  
parallel to the WCF. 
 To monitor the seismic activity in and 
around Gujarat, a dense network (GSNet) 
of 54 broadband seismographs (BBS) 
was deployed by the Institute of Seismo-
logical Research (ISR)8 (Figure 1 a). The 
seismic data from 45 permanent (online) 
stations are received via very small aper-
ture terminal (VSAT) at the central sta-
tion of ISR, in a continuous mode. 
Among these, one station, Madhuban in 
Dadra & Nagar Haveli (DNH), is located 
just north of the region affected by the 
swarm and four other stations are in-
stalled in a stand-alone (offline) mode 
within 70 km epicentral distance, in  
Mota Randha (DNH), Kavdej, Limzar 
and Godvani villages of Navasari dis-
trict, south Gujarat. The data from offline 
stations are manually collected periodi-
cally, once a month. The Guralp CMG-
3T broadband sensors and 24-bit Guralp 
CMG-DM24/REFTEK (RT 130-01) data 
loggers are installed at all the seismic 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


