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Abstract
The forest health of Jharkhand is declining for the reasons which includes heavy unscientific mining, climate change, air pollution and increased human activities. Vegetation plays a key role in reducing an ambient temperature, moisture and pollutant capture, energy use and subsequent ground level ozone reduction. There is an urgent need of detailed measurement and monitoring of forest’s health. Modern technological advancement in the field of remote sensing technology enables us to quantify and observe various parameters and health of vegetation. In this present study a comprehensive approach of vegetation indices, satellite derived land surface temperature and field study has been adopted to monitor forest health of Ghatsila, Musabani and Dhalbhumgarh block, Jharkhand over a period of 25 years. In recent years, vegetation mapping has become more and more important especially when the climate is changing dynamically. Traditionally, the field survey has been used to calculate the forest health. Hear we used some index like SAVI, TCI and LST to calculate vegetation health and also modified this index to calculate modified vegetation condition Index (MVCI) and new- generation vegetation health index (NVHI). After analysis of NVHI and complete extended field visit we found better results when compared to the traditional health index.
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INTRODUCTION
The state of Jharkhand is a part of biodiversity rich regions of India because of its diverse physiographic and climatic conditions. The forests for the most conform to the type– tropical dry deciduous forest, moist deciduous forest, dry peninsular forest and dry mixed deciduous forest. In 1989, the total forest area present in the study area is 322 sq km but in 2013 it is only 199 sq km. In highland of the study area a significant forest change is observed especially in steep slopes, could seriously impact the quality and quantity of forest.

Remote sensing data and techniques have already been proven to be a relevant to many requirements of the vegetation parameter measurement and monitoring [1]. The spectral characteristics of vegetation vary with wavelength. A compound in leaves called chlorophyll strongly absorbs radiation in the red and blue wavelengths but reflect green wavelength and the internal structure of healthy leaves act as diffuse reflector of near-infrared wavelengths [2, 3]. Reflectance varies with wavelength for most materials because energy at certain wavelengths is scattered or absorbed to different degrees. These reflectance variations are evident when spectral reflectance curves (plots of reflectance versus wavelength) for different materials [4]. The biometrical properties of vegetation in different wavelengths of electromagnetic spectrum can be analyzed as well used for modeling and simulation of biophysical processes [5]. Vegetation has individual spectral characteristics and vegetation leaf reflect and transmit incident radiation in manner that is uniquely characteristics of pigment cell containing water solution [6]. Generally the spectral reflectance curve for green vegetation over the wavelength range 0.4–2.6 um. For decades the satellite image acquired in visible, infrared and shortwave bands has been used for vegetation mapping. In this study the commonly used NDVI approach along with the modified indices algorithm such as SAVI, EVI, NVHI, MVCI etc is used for vegetation moisture and greenness mapping. Further, the land surface temperature based vegetation health condition mapping is being adopted to map the forest health of Ghatsila, Musabani and Dhalbhumgarh block, Jharkhand.
Study Area
The area consist of three blocks namely Ghatsila, Musabani and Dhalbhumgarh of east singhbhum district of Jharkhand state. The geographical area is 772.38 sq km. The Howrah–Mumbai railway track and NH 33 (Baahoragora-Tatanagar) is going through the area. The area is draining by the subaranarekha river system. The forests are mainly on the open ridges and in the undulating valleys and belong mainly to the reserved and protected types.
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Fig. 1: Location Map.
Methodology
Methodology describe by the flowchart is given below:
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Fig. 2: Flow Chart.
Data Used

Landsat –5 TM dated 10.01.1989, Landsat –7 ETM + dated 15.02.2002 and Landsat –8 OLI and TIRS dated 26.11.2013 are used in this study to derive vegetation indices and land surface temperature, which is the input for vegetation health monitoring. 

Data Processing
Data processing basically refers to a process of manipulation, integration and enhancement of satellite images to extract the useful information. After the radiometric and geometric correction the image data has been processed for measurement of land surface temperature, EVI etc. 

LST Measurement  
Land surface temperature (LST) and emissivity (ε) are important parameters in energy budget estimation, land cover assessment and other earth surface characteristics related studies. LST, which is controlled by the surface energy balance, atmospheric state and thermal properties of the surface/subsurface rocks, is one of the important parameters in several environmental models [4]. Emissivity is also an important factor in the study of silicate rock, which is a dominant constituent of surface/subsurface rocks. Thermal infrared (TIR) remote sensing is the only possible approach to retrieve LST and ε over a large area of the earth surface.

Land surface temperature (LST) can be defined as the temperature felt when the land surface is touched with the hands or it is the skin temperature of the ground [4]. LST is the temperature emitted by the surface and measured in Kelvin (K). It was greatly affected by the increasing greenhouse gases in the atmosphere. As it rises, it melts the glaciers and ices sheets in the polar region. Thus, it leads to flood and sea level rise. Increase in LST also affects the climatic condition of the monsoon countries leading to unpredictable rainfall. The vegetation in the entire earth surface will be affected by this. Land use/ land cover (LU/LC) of an area can be used for estimating the amount of LST [5]. The natural and anthropogenic activities change the LU/LC of an area. This also influences LST of that area. As its value changes the local climate of the area also changes. It is an important phenomenon to be investigated. Hence many researchers had calculated LST using various algorithms and techniques.

Before the invention of earth observation satellites (EOS), it was hard to estimate the LST of an area. Generally, it was calculated for a particular set of sample points and interpolated into isotherms to generalize the point data into area data [7, 8]. Now with the advent of satellites and high resolution sensors it is possible to estimate LST spatially. It can be calculated for a region at a stretch with the use of thermal infrared bands supplied by satellites.

Land surface temperature (LST) can be defined as the temperature felt when the land surface is touched with the hands or it is the skin temperature of the ground. Once the DNs for the thermal bands have been converted to atmospherically corrected radiance values, it is simply a matter of applying the inverse of the Planck function to derive temperature values [7].
Eqn: 1, 
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Where: 

T is degrees Kelvin (K)
CVR2 is the atmospherically corrected cell value as radiance

Further, the derived land surface emissivity value is being applied to correct the land surface temperature. The formula for emissivity calculation is as follows:
Eqn: 2, 
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Where εs and εv; soil and vegetative emissivity values of the corresponding bands.
SAVI 

In areas where vegetative cover is low (i.e., 
< 40%) and the soil surface is exposed, the reflectance of light in the red and near-infrared spectra can influence vegetation index values [9]. This is especially problematic when comparisons are being made across different soil types that may reflect different amounts of light in the red and near infrared wavelengths (i.e., soils with different brightness values). 

The soil-adjusted vegetation index was developed as a modification of the NDVI to correct for the influence of soil brightness when vegetative cover is low [10]. The SAVI is structured similar to the NDVI but with the addition of a soil brightness correction factor [2].

Eqn: 3,                             
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Where, NIR is the reflectance value of the near infrared band, RED is reflectance of the red band and L is the soil brightness correction factor. The value of L varies by the amount or cover of green vegetation in very high vegetation regions, L= 0; and in areas with no green vegetation, L= 1. Generally, an L= 0.5 works well in most situations and is the default value used. When L= 0, then SAVI = NDVI.
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Fig. 3: Landsat Based Surface Temperature of Time of Series.

New Generation Vegetation Health Index 
A method is based on estimation of green canopy stress/no stress from Landsat derived indices, characterizing moisture, thermal conditions and total vegetation health [9]. Unlike the two spectral channel approach (NDVI-based) routinely applied for vegetation monitoring, the new numerical method in addition to NDVI, uses also 10.3–11.3 μm IR channel, which estimate the hotness of the vegetation canopy. In dry years, high temperatures, at the background of insufficient water supply, lead to overheating the canopy, which intensifies negative effects of lack of moisture impact on vegetation [6]. The three-channel algorithm consists of comprehensive processing of NDVI and BT in time series, which includes complete removal of high-frequency noise, enhancing seasonal cycle, calculation of climatology and single out medium-to-low frequency fluctuations associated with weather impacts on vegetation [11]. In this study, modified the VCI and VHI in to Modified vegetation condition index and New-generation vegetation health index respectively .This procedure was formalized by below listed equations, where climatology was represented by the difference between 25 year absolute maximum and minimum SAVI and BT values for each pixel. 

Eqn: 4,

MVCI = 100*(SAVI – SAVImin) / (SAVImax - SAVImin)
Eqn: 5,
TCI = 100*(BTmax - BT) / (BTmax - BTmin)

Eqn: 6,
NVHI = a*MVCI + b*TCI

Where SAVI, SAVImax, and SAVImin are the average NDVI, its multi-year absolute maximum and minimum, respectively; BT, BTmax, and BTmin are similar values for BT; a and b are coefficients quantifying a share of VCI and TCI contribution in the total vegetation health. The VCI (vegetation condition index), TCI (temperature condition index) and NVHI (new generation vegetation health index) are indices estimating cumulative moisture, temperature and total vegetation health conditions, respectively on a scale from zero (extreme stress) to 100 (favorable condition) with 50 corresponding to average condition.
RESULT AND DISCUSSION

Thousands of papers have revealed whether the plant is stressed or not. Basically, the domain of optical observations is divided from 400nm–2500 nm in three parts as the visible (400 nm–700 nm) characterized by a strong absorption of light by photosynthetic pigments in a green leaf, the near-infrared plateau (700 nm–1100 nm) where absorption is limited to dry leaf matter but where multiple scattering within the leaf, related to the fraction of air spaces i.e., to the internal structure drives the reflectance and transmittance levels and the middle-infrared and shortwave-infared (SWIR, 1100 nm–2500 nm) which is also a zone of strong absorption, primarily by water in fresh leaves and secondarily, by dry matter (dry carbon compounds like cellulose and lignin, nitrogen, sugars, and other plant compounds) when the leaf wilts and dries [5]. All of these observations and experimental measurements are a prerequisite to extracting biophysical information.
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Fig. 4: Landsat Based MVCI Map of Time of Series.
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Fig. 5: Landsat Based NVHI Map of Time of Series.
In this study, the pollutants had impacted the vegetation thereby making it unhealthy (stressed). Spectral indicators were used to determine the health status of vegetation and further analysis were performed on the selected indices and it was observed that there was a direct relationship between the chlorophyll content and pollution level in the area [12]. The forest map showing the overall health and vigor of the region. The calculated vegetation health index has been further classified in 5 category namely very poor, poor, average, good and fair vegetation health and shown in Figures 1–5.
Further, a Gram Panchyat wise NVHI value has been extracted from the raster image and tabulated below in Table 1.
Table 1: Gram Panchyat Wise NVHI Value.
	BLOCK
	PANCHAYAT
	NVHI VALUES

	
	
	TM
	ETM
	OLI

	
	
	MAX
	MIN
	MAX
	MIN
	MAX
	MIN

	GHATSILA
	AASNA
	70.31
	30.00
	67.28
	28.34
	67.25
	11.49

	
	BAGHURIA
	77.00
	29.94
	76.16
	30.93
	79.1
	24.67

	
	BANKI
	60.12
	25.90
	56.4
	25.7
	60.4
	26.37

	
	BARAJURI
	90.60
	38.46
	89.06
	35.27
	79.17
	30.07

	
	BARAKHUSI
	78.53
	30.01
	76.59
	27.91
	79.26
	26.91

	
	BENKATI
	85.33
	32.12
	83.63
	33.48
	69.41
	30.25

	
	BHADUA
	85.16
	38.76
	82.51
	31.76
	68.79
	23.14

	
	DHARAMBAHAL
	87.36
	25.46
	87.35
	26.1
	79.36
	25.19

	
	GOPALPUR
	78.84
	30.65
	79.02
	35.94
	71.31
	35.17

	
	GHATSHILA
	72.46
	19.87
	70.48
	15.26
	71.23
	10.52

	
	HENDELJURI
	85.69
	22.03
	81.02
	20.56
	71.06
	14.23

	
	JHATIJHARANA
	85.23
	20.36
	79.08
	21.37
	75.01
	22.31

	
	JORISHA
	70.49
	36.30
	64.29
	30.5
	65.11
	29.36

	
	KALCHITI
	77.87
	19.23
	75.26
	19.21
	65.12
	18.14

	
	KARADUBA
	89.41
	24.35
	86.14
	23.12
	71.24
	25.39

	
	KASHIDA
	78.12
	13.90
	67.6
	14.8
	60.21
	11.41

	
	MAHULLIYA
	78.19
	29.86
	74.1
	25.9
	61.03
	24.59

	
	MAUBHANDAR
	78.01
	16.32
	79.11
	19.51
	63.49
	19.79

	
	PAWARA
	85.49
	31.26
	86.5
	29.37
	69.47
	29.1

	
	ULDA
	89.61
	30.68
	80.1
	39.62
	69.14
	37.12

	MUSABANI
	BENASOAL
	73.05
	20.00
	69.2
	19.54
	70.12
	20.13

	
	DHOBANI
	78.10
	25.39
	78.05
	21.39
	71.02
	20.43

	
	EAST BADIA
	75..41
	20.64
	73.14
	20.76
	69.3
	21.38

	
	EAST MUSABANI
	75.41
	18.79
	80.21
	19.34
	69.35
	14.26

	
	GOHLA
	69.89
	30.24
	68.13
	18.79
	60.28
	17.84

	
	KUILISUTA
	79.45
	21.30
	76.5
	18.95
	61.27
	14.2

	
	MATIGORA
	79.98
	27.07
	82.7
	26.51
	63.36
	21.3

	
	MEDHIA
	79.02
	22.31
	81.61
	20.04
	63.98
	21.9

	
	MURGAGHUTU
	75.31
	25.68
	69.38
	24.31
	59.16
	28.1

	
	NORTH ICHRA
	79.34
	30.59
	71.27
	26.47
	58.12
	21.03

	
	PARULLIA
	84.61
	20.32
	80.99
	24.17
	61.02
	17.47

	
	SOUTH BADIA
	83.29
	19.96
	78.66
	19.58
	71.25
	16.43

	
	SOUTH ICHRA
	81.24
	21.35
	68.97
	20.05
	69.1
	19.87

	
	SURDA
	70.10
	27.02
	64.32
	24.79
	61.39
	20.1

	
	TERANGA
	75.26
	31.29
	78.71
	29.41
	70.21
	23.45

	
	WEST BADIA
	78.38
	19.52
	70.1
	19.57
	61.08
	18.99

	
	WEST MUSABANI
	72.16
	19.01
	67.87
	18.29
	61.3
	14.19

	DHALBHUMGARH
	CHUKRIPARA
	86.23
	24.36
	86.34
	19.07
	67.49
	13.2

	
	JUGISHOAL
	86.59
	20.19
	86.97
	19.68
	63.13
	19.81

	
	JUNBANI
	76.10
	20.39
	74.03
	11.52
	69.04
	11.53

	
	KANAS
	80.33
	22.03
	79.34
	21.69
	72.19
	17.58

	
	KOKPARA
	71.24
	30.99
	77.01
	28.3
	64.38
	29.01

	
	KOKPARA NARSIGHGARH
	90.13
	26.13
	83.6
	26.47
	69.7
	21.91

	
	MAUDASAWLI
	71.24
	16.85
	73.77
	34.13
	75.06
	33.43

	
	MOHLISHOAL
	78.60
	30.85
	69.7
	27.82
	69.83
	26.13

	
	NUTANGARH
	81.07
	30.16
	79.38
	27.3
	72.13
	20.48

	
	PAWRA NARSIGHGARH
	79.31
	31.49
	80.19
	14.79
	65.47
	13.37

	
	RAWATARA
	87.81
	28.70
	78.3
	21.6
	59.02
	19.04


It can be seen that maximum NVHI value decrement has been occurred in the Dhalbhumgarh block followed by Ghatsila and Musabani (Table 1). It means that that the forest health is decreasing and the rate of decrement is faster in during 2001–2013 rather than 1990–2001 [13]. 

Limitation 
Vegetation indices derived from multispectral remote sensing instruments having the difficulty of “mixed pixel problem”. In forest area one pixel often represents tree canopy, soil and some other materials like rock outcrops etc. This mixed pixel problem in vegetation parameter derivation usually provides a general estimate of forest health rather than precise condition of a single tree.
CONCLUSION
Some of the most widely used vegetation indices based on remote sensing to assess chlorophyll and water stress of vegetation has been presented. The vegetation index based method for NVHI calculation presented here permits the quantification of forest canopy characteristics of three blocks of Jharkhand state. Further, an approach of forest health index has been generated by using satellite derive land surface temperature. After analysis of NVHI and complete extended field visit we found better result compare to the traditional health index.  
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Fig: 3. Landset based surface temperature of time of series 
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