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aBStraCt

 A study was carried out on “Impact of micro-climatic variations on forest ecosystem in mid hills 
of Himachal Pradesh” during winter and summer seasons of 2015-16. Comparisons of below forest 
canopy and open sites were carried out for abiotic and biotic factors under five forest ecosystems 
(chir pine forest, mixed forest, ban oak forest, agriculture field and bare area) and analysed the forest 
influence on local winter and summer climate according to forest type, soil type, slope orientation, 
tree height and diameter at breast height by using RBD design. Seasonal and diurnal variations 
in microclimatic variables viz., air temperature, soil temperature, relative humidity, wind speed and 
wind direction were measured with Portable weather station (Delta T) at afternoon 2:00-4:00 PM 
fortnightly in each forest ecosystem and bare area during winter and summer season. Solar radiation 
and albedo were measured with Pyranometer (Kipp and Zonen) at 1.35 m height. A significant 
decrease was attained in below forest canopy and bare area data for ambient temperature (2.5-5.0 
oC), soil temperature (1.5-3.6 oC) solar radiation (13.2-47.4 Wm-2), albedo (0.15-0.21) and increased 
relative humidity (7-18%), soil moisture (8.0-15.2%). Among different forest ecosystem, the diurnal 
trends  in microclimatic parameters showed large variations.  The ambient air temperature ranged 
from 02.2-16.3 oC and 14.2- 30.7 oC where as soil temperature ranged from 07.4- 16.5 oC and 15.4-
32.7 oC, however relative humidity ranged from 37- 88 per cent and 14-60 per cent among different 
forest ecosystem during winter and summer seasons, respectively. Mico-climatic variables under 
Ban-Oak forest revealed significant lowest air temperature, highest relative humidity and less wind 
speed.

Keywords: Microclimatic variations, Forest ecosystem, 
Solar Radiation and Albedo.

IntrODuCtIOn

 Forest cover act as buffer and creates 
a specific understory microclimate that differs 
from the surrounding local climate1. Monitoring 
the microclimatic data in various micro-habitats 
of different ecosystems would provide unique 
data on the long-term impact of global change on 
microclimate changes2. As microclimatic variations 
effects are usually stronger during summer and 
the middle of the day in different types of forests3-4. 
Microclimatic variations under overstory canopies 
of different types of forests  are critically important 

in understanding overall ecosystem structure and 
function. As it directly influences the ecological 
and physiological processes e.g. germination, 
abundance and distribution of understory vegetation 
and decomposition. Soil temperature and moisture 
are known to influence biotic and abiotic process 
rates such as nutrient availability5, soil carbon 
sequestration/emission6  and microbial activity7. 

 Microclimatic variation within forest 
ecosystem are an important consideration in 
management because various microclimatic 
variables between adjacent forest types impact 
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the plant and animal community composition8. 
Microclimate variables, particularly solar radiation, 
air temperature and soil temperature at the ground 
surface, are highly sensitive to changes in the over- 
story canopy and exhibit relatively high spatial and 
temporal variability within a forest9 . Microclimatic 
variability within the oldgrowth forests exists 
because forest canopies are vertically complex and 
horizontally heterogeneous10.

 Forests are well known for their moderating 
effect on below canopy  local climate, generally 
allowing lower maximum temperature and wind 
speed as well as higher minimum temperature and 
humidity11-12. The impact of the canopy on solar 
radiation and as a result on temperature is the main 
driver of the forest climatic interactions13-14. Knowledge 
of the impact of different forest types on below 
canopy climate will enable the bettter forecasting of 
future below-canopy climate, which in turn will enable 
the better modelling of ecosystem changes in forests. 
Naturally regenerated or planted, tree seedlings and 
sapling are most sensitive to the local microclimatic 
conditions. Forest environment creates climatic 
conditions that differs from the conditions of open 
area. Defining the stimulating effect of thermal and 

humidity conditions in forests is part of the evaluation 
of forest bioclimatic and microclimatic potential. The 
research hypothesis states that compared to open 
area, forest environment also changes its bioclimate 
by modifying climatic conditions15.

 The presence of vegetation cover in general 
and forest cover in particular modifies the climatic 
parameters and creates a microclimate whose 
characterstics depends on the general climate itself 
and the physical characterstics defining the nature 
and the structure of the cover16. Knowledge of 
microclimatic conditions is of great importance in the 
study of site conditions, bio-ecological characteristics 
of tree species and natural ecosystems2. Microclimate 
are key attributes for understanding the distribution 
of plants and wildlife in forests, as well as for 
understanding forest ecosystem processes like 
photosynthesis and nutrient cycling17.

 The importance of microclimate in influencing 
ecological processes such as plant regeneration 
and growth,  soil respiration and  nutrient cycling 
has became an essential component of ecological 
research. Microclimate plays an important role to 
improve models, optimize forest management and 

Fig. 1
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ultimately, secure future economical and ecological 
functioning of forest ecosystem18. Microclimatic 
information is, therefore, vital for empirical field 
studies, theoretical modeling exercises and decision- 
making. Micorclimatic studies have traditionally 
focused on statistical summaries of daily, monthly 
and annual variability19.

MEtHODOlOgY

               The study was conducted in different forest 
ecosystems at University campus of Nauni, Solan, 
Himachal Pradesh. The investigation was carried 
out in Dr Yashwant Singh Parmar University of 

Horticulture and Forestry Nauni, Solan (HP) during 
winter and summer season of 2015-16. The area 
is situated  between 30.52 o N and 77.10 o E with 
elevation ranges from 1232 to 1264m. The research 
area was divided into five different sites as Chir Pine 
forest (F1), Mixed forest (F2), Ban Oak forest (F3), 
Agricutural field (F4) and Bare area (F5). The research 
area was located in stands of trees predominantly 
dominated by overstorey of Pinus roxburghii, 
Quercus leucotricophora, Celtis australis, Grewia 
optiva, Bauhinia vaerigata, Populus spp, Salix spp, 
and under story of Bidens pilosa, Rubus elipticus, 
Woodfordia floribunda, Urtica dioca etc.

table 1: Site Characteristics

Forest Site Ecosystem Slope aspect latitude longitude altitude
  (% & o) (Orientation) (n) (E) (m)

Site I Chir Pine forest (F1) 50%  (26.6 o) NE 30.52o 77.10o 1245
Site II Mixed Forest(F2) 45% (24.2 o) NE 30.51 o 77.10o 1249
Site III Ban Oak forest(F3) 75%  (36.9 o) NE 30.52 o 77.09o 1264
Site IV Agriculture Field(F4) - - 30.52o 77.09o 1222
Site V Bare Area(F5) - - 30.52o 77.09o 1232
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 A stratified random sampling technique 
was used to carry out survey in the study area. The 
area is divided into three plots randomly in all five 
forest ecosystem. The data was recorded in forest 
ecosystem on four microclimatic variables, air 
temperature, relative humidity, solar radiation and 
albedo fortnightly during 2:00-4:00PM (peak hours) 

in two seasons i.e., winter and summer season 
of 2015-16. Data was recorded in three randomly 
stratified plots in each ecosystem by using Portable 
weather station (Delta T) as specified by IMD Pune, 
India. The Air Temperature, Relative Humidity, Solar 
Radiation and Albedo data were recorded at height 
of 1.35 m above ground level and Wind Speed and 

table 2: Seasonal Variation in ambient temperature and relative Humidity 
under different Forest Ecosystem in Mid Hills of Himachal Pradesh 

Forest ecosystem   air temperature (˚C)  relative Humidity (%)
 winter  Summer Mean winter  Summer Mean

Chir pine forest (F1) 18.52 27.28 22.90 50.38 37.18 43.78
Mixed  forest (F2) 19.21 26.73 22.97 47.66 41.47 44.56
Ban Oak forest (F3) 15.81 25.14 20.48 64.24 46.14 55.19
Agriculture field (F4) 20.38 28.10 24.24 44.67 35.38 40.02
Bare area (F5) 20.67 30.17 25.42 40.29 32.99 36.64
Mean 18.92 27.48  49.45 38.63 
CD0.05 
Forest ecosystem (F) :  0.24       
Seasons (S)         :  0.15
Forest x Season (Fx S) :  0.34            
Forest ecosystem (F) :   1.20       
Seasons (S)          :   0.76
Forest x Season (Fx S) :   1.69 

table 3: Seasonal variation in Instantaneous Solar radiation and albedo under 
different forest ecosystem in Mid Hills of Himachal Pradesh 

Forest   Instantaneous Solar    albedo
ecosystem  (wm-2) radiation   (unit less)
 winter Summer Mean winter Summer Mean

Chir pine forest (F1) 3.15 21.44 12.30 0.18 0.12 0.15
Mixed forest (F2) 33.76 42.18 37.97 0.21 0.14 0.18
Ban Oak forest (F3) 0.92 6.69 3.80 0.13 0.11 0.12
Agriculture field (F4) 43.41 52.54 47.97 0.24 0.29 0.26
Bare area (F5) 43.94 58.41 51.17 0.35 0.31 0.33
Mean 25.04 36.25  0.22 0.19 
CD0.05 
Forest ecosystem (F) :  3.75       
Seasons (S)         :  2.37
Forest x Season (Fx S) :  5.31            
Forest ecosystem (F) :  0.02  
Seasons (S)              :  0.01       
Forest x Season (Fx S) :  0.02 
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Wind Direction data were recorded at height of 2 
m above ground level. Solar radiation and Albedo 
were recorded using Kipp and Zonen Pyranometer. 
Differences in mean value of the studied parameters 
along different sites were determined by analysis 
of variance (ANOVA) using SYSTAT statistical 
programme.

rESultS anD DISCuSSIOnS

air temperature and relative Humidity
 Table II depicts seasonal variations in air 
temperature and relative humidity under different 
forest ecosystem in mid hills of Himachal Pradesh. 
Significant differences in average air temperature 
and relative humidity recorded among different forest 
ecosystem during the year 2015-16. Air temperature 
of 25.42ÚC was found maximum in bare area (F5) 
and minimum of 20.48ÚC in ban oak forest (F3). 
However, relative humidity of 55.19 per cent was 
found maximum in ban oak forest (F3) and minimum 
(RH=36.64 %) in bare area (F5). The results were 
due to the fact that forest cover acts as screen and 
prevents sun rays from heating the air inside the 
forest as compared to bare area. The results are in 
conformity with the findings of several researchers20, 

2, 18, 21 and 22. 

 Highly significant differences were found in 
average air temperature and relative humidity during 
winter and summer seasons of 2015-16. During 
summer season the air temperature (27.48ÚC) 
was significantly higher than winter season (18.92 
ÚC). Whereas, significantly high relative humidity of 
49.45 per cent was found during winter season as 
compared to 38.63 per cent in summer season.

 The interaction among forest ecosystem 
(F) X seasons (S) revealed highly significant 
microclimatic interactions for air temperature and 
relative humidity recorded fortnightly at 2:00-4:00 
PM  at a height of 1.35 m during both the seasons 
of winter and summer in the year 2015-16.  Air 
temperature of 30.17 ÚC was found to be higher 
in bare area (F5) during summer season of 2016 
whereas, it was found to be lower (Ta=15.81ÚC) in 
ban oak forest (F3) in winter season of 2015-16. The 
relative humidity of 64.24 per cent was found to be 
higher in ban oak forest (F3) during winter season 
of 2015-16 and lower (RH= 32.99 %) in bare area 
(F5) during summer season of 2016. This may be 
due to high cooling effect within the forest canopy 
which resulted in less latent and sensible fluxes as 
compared with open bare area. The results are in 
line with the findings of many research scholars3, 15, 

23, 24, 25, 26, 27, 28 and 29. 

Solar radiation and albedo
 Prusal of Table III depicts seasonal 
variations in instantaneous solar radiation and 
albedo under different forest ecosystem in mid hills 
of Himachal Pradesh. Significant differences were 
found  in average solar radiation and albedo among 
different forest ecosystem during the year 2015-
16. The instantaneous Solar radiation was found 
maximum (51.17 Wm-2) in bare area (F5) which was 
statistically at par with agricultural field (F4) (47.97 
Wm-2) and lowest of 3.80 Wm-2 was found minimum 
in ban oak forest (F3). However, albedo of 0.33 was 
found to be maximum in bare area (F5) and minimum 
of 0.12 was found in ban oak forest (F3) which is 
probably due to architecture and geometry of the tree 
canopy which controls the amount of penetration, 

Fig. 3



102 MEHTA et al., Curr. World Environ.,  Vol. 12(1), 97-106 (2017)

radiation trapping and mutual shading within it. The 
present trends are in agreement with the findings of 
2, 17, 25, 30 and 31.  

 Highly significant differences were found in 
average instantaneous solar radiation and albedo 
during winter and summer seasons of 2015-16. 
During summer season the instantaneous solar 
radiation of (36.25 Wm-2) was significantly higher than 
winter season (25.04 Wm-2). Whereas, significantly 
high albedo of 0.22 was found during winter season 
as compared to summer season (0.19). 

 The interactions among forest ecosystem 
(F) X seasons (S) analysed highly significant 
microclimatic interactions for solar radiation and 
albedo recorded fortnightly at 2:00-4:00 PM  at 
a height of 1.35 m during  both the seasons of 
winter and summer in the year 2015-16. Maximum 
instantaneous solar radiation of 58.41 Wm-2 was 
found in bare area (F5) during summer season while 
minimum 0.92 Wm-2 was found in ban oak forest 
(F3) during winter season which was statistically at 
par with chir pine forest (F1) (3.15 Wm-2) in winter 
season. albedo was found to be maximum in bare 
area (F5) of 0.35 during winter season and  minimum 
in ban oak forest (F3) 0.11 during summer season 
which was statistically at par with ban oak forest (F3) 

of 0.13 in winter season and chir pine forest (F1) of 
0.12 in summer season due to the integrated effect 
of changes in forest phenology, angle of incidence 
of solar beam and weather conditions affecting 
atmospheric transparency therefore seasonal 
variation was observed in the radiations received by 
the forest. The results are in the consonance with 
the findings of21, 32, 33 and 34. 

wind Speed and wind Direction 
   Table IV represents the seasonal variations 
of wind speed under different forest ecosystem in mid 
hill Zone of Himachal Pradesh. Significant differences 
were found in average wind speed recorded among 
different forest ecosystem during the year 2015-16. 
Wind speed of 4.29 kmph was found to be maximum 
in bare area (F5) and minimum (WS=1.39 kmph) was 
found in ban oak forest (F3). It was noticed that wind 
reduces its speed under the trees when compared to 
the bare area because of the blockage effect by trees 
and wind speed was also influenced by both trees 
height and density. The results are in tune with35.  

 Highly significant differences were found 
in average wind speed during winter and summer 
seasons of 2015-16. During winter season the wind 
speed of 2.91 kmph was significantly higher (WS 
= 2.41 kmph ) than summer season because wind 

table 5: Seasonal variation in wind Speed and wind Direction under
 different forest ecosystem in mid hills of Himachal Pradesh 

Forest  wind Speed  (kmph)  wind Direction (deg˚)
ecosystem winter Summer Mean winter Summer Mean

Chir pine forest (F1) 1.61 1.56 1.59 218.57 157.39 187.98
Mixed forest (F2) 2.59 1.39 1.99 216.74 155.40 186.07
Ban Oak forest (F3) 1.52 1.26 1.39 213.57 154.10 183.84
Agriculture field (F4) 4.27 3.84 4.06 220.02 159.31 189.66
Bare area (F5) 4.57 4.00 4.29 221.30 159.65 190.47
Mean 2.91 2.41  218.04
(ssw) 157.17
(SE) 
CD0.05 
Forest ecosystem (F) :   0.08
Seasons (S)         :   0.05
Forest x Season (Fx S) :   0.11 
Forest ecosystem (F) :   NS
Seasons (S)         :   7.75
Forest x Season (Fx S) :   NS
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speed below the canopy was strongly affected by the 
presence of leaves and was proportionally lower in 
summer than winter season. 

 The interaction among forest ecosystem 
(F) X seasons (S) analysed highly significant 
microclimatic interactions for wind speed recorded 
fortnightly at 2:00-4:00 PM at a height of 2 m during 
both the seasons of winter and summer in the year 
2015-16. Maximum wind speed of 4.57 kmph was 
recorded in bare area (F5) during the winter season 
of 2015-16 and minimum wind speed of 1.26 
kmph was recorded in ban oak forest (F3) during 
summer season of 2016.  The present trend could 
be explained due to the presence of forest canopy 
which influences and reduces wind speed in relation 
to the size and spatial distribution of biomass. The 
results are in tune with the findings of 27, 31 and 36. 

Diurnal Observation
 Diurnal observations were recorded on 
clear days from 08:30 AM to 5:30 PM with one hour 
interval in the selected forest ecosystem at all the 
locations on December 16, 2015 and April 15, 2016 
to explore the hourly trends of different microclimatic 
parameters in different forest ecosystem. The point 
wise results obtained are presented as under:

air temperature
winter Season
 The diurnal variation in air temperature was 
recorded on December 16, 2015 at the understory 
forest canopy in selected Forest communities (Fig1a). 
The  air temperature ranged  from 2.2-16.3 oC in bare 
area (F5) followed 3.6-15.7 o C in  agriculture field 
(F4) whereas, it was observed to be 4.5-13.5 o C in 
ban oak forest (F3). However the trends of diurnal 
temperature in mixed forest (F2) ranged from 4.5 
-15.1 oC in followed by chir pine forest (F1) which 
experienced highest temperature of 13.8 oC in the 
afternoon hrs (3:30PM) and lowest in the  morning 
hour. This may be probably due to the reason that 
forest canopy moderates the microclimatic conditions 
depending on the their canopy architecture, tree 
density and type of leaves and colour. The results are 
in the tone of37 who studied the response of different 
forest ecosystem in terms of microclimate variability 
in tropical moist deciduous forests of  North India. 
Several other researchers have also given their 
findings in agreement with the results of 15, 38 and 39. 

Summer Season
 The diurnal trend of air temperature (Ta) 
during summer season was recorded on April 15, 
2016 at a height of 1.35 m above ground in different 
forest ecosystem (Fig 1b). The hourly trends of 
ambient temperature in bare area (F5) was (F5)  was  
19.1-30.7 oC followed by agriculture field (F4) which 
experienced temperature of 16.4-30.2oC. The highest 
fluctuations in air temperature were recorded in chir 
pine forest (F1) ranged from (Ta: 15.8 -29.3 oC) and 
followed by (Ta: 15.3-28.7 oC) in mixed forest (F2)  
and (Ta: 14.2-27.9 oC) in ban oak forest (F3). The 
selected forest communities showed high ambient 
temperature at 2-4 pm .The lowest air temperature 
was observed during 08:30 to 10:30 AM in all the 
communities. Thus the trends confirmed  that as 
during the night cold air sinks downwards so the 
understory remains cold. The results of present 
study are in  line with the findings of several studies 
conducted world wide18, 22, 27,37, 40 and 41.

relative Humidity
winter Season
 The hourly trends in RH (Fig 2a) were 
observed among different forest communities on 
December 16, 2015 during the winter season 
(Fig 2a). The highest relative humidity (88 %) was 
recorded in ban oak forest (F3) at 08:30 AM and 
followed 86 % in chir pine forest (F1). However, 
the relative humidity of 83 per cent was recorded 
in mixed forest (F2).The diurnal trend of relative 
humidity attained its lowest value of 45 per cent at 
01:30 PM  in mixed forest (F2) and followed by chir 
pine forest (F1) of 47 per cent whereas, it ranged 
from 37-80 percent and 40-82 per cent in bare area 
(F5) and agriculture field (F4), respectively.

Summer Season
The hourly trends were recorded on April 16, 2016 
for relative humidity in different forest communities 
during summer season (Fig 2b). The highest relative 
humidity (60 %) was recorded in ban oak forest (F3) 
at 08:30 AM and followed by mixed forest (F2) (50 
%). However, the relative humidity of 47 per cent 
was recorded in chir pine forest (F1).The diurnal 
trend of relative humidity attained its lowest value 
of 22 per cent at 01:30 PM in chir pine forest (F1). 
Whereas, it ranged from 14-42 per cent and 20-45 
per cent in bare area (F5) and agriculture field (F4), 
respectively. 
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 The  resu l t s  we re  p robab l y  due 
to accumulation of water vapour at the forest 
understory layer due to continuous process of evapo-
transpiration and photosynthesis in winter days. As 
the ambient temperature increased during summer 
season and reached its maximum limit at afternoon 
hours which leads to closure of stomata and and 
leaves remained physiologically inactive resulted 
in less water vapours at the understory layer. The 
results are in agreement with the studies conducted 
worldwide by many researchers15, 18, 37, 40 and 41.

Soil temperature
winter season
 The hourly trends in soil temperature  
among different forest communities were recorded 
on December 16, 2015 during winter season (Fig 3a). 
The highest soil temperature ranged diurnally from 
5.6- 16.5 oC in bare area (F5) followed by agriculture 
field (F4) which was found to be ranged from 5.2 
-15.3 oC. Whereas, the soil temperature attained 
in ban oak forest (F3) was found to be ranged from 
7.1-14.2oC. However the diurnal temperature ranged 
from 7.4-14.8 oC in mixed forest (F2) followed by chir 
pine forest (F1) which experienced high temperature 
of 14.6 oC in the afternoon hrs (1330 hr) and lowest 
at morning hour.

Summer season
 The diurnal trend of soil temperature during 
summer season was recorded on April 16, 2016 
at a depth of 5 cm in different forest ecosystem is 
shown in Fig 3b. The diurnal soil temperature in 
bare area (F5) ranged from 19.5-32.7 oC followed by 
agriculture field (F4) which experienced temperature 
of (18.5-31.4 oC). The highest fluctuations in soil 
temperature were recorded in chir pine forest (F1) 
ranged from 17.5-29.4 oC and followed by (17.1-27.4 
oC) in mixed forest (F2) and (15.4-23.7 oC) in ban oak 
forest (F3). All the selected forests experienced high 
temperature at 2-4pm.The lowest soil temperature 
was observed during 08:30-10:30 AM in all the 
communities during the summer season.

 Soil temperature showed similar behaviour 
like ambient temperature during summer and winter 
seasons in all the selected forests.The highest soil 
temperature was observed during  12:00-01:00 
PM due to increase in solar radiation. The  surface 
temperature was lowest during early morning due 
to dissipation of heat and energy in the form of long 
wave radiations on clear nights. Which is exactly 
opposite to day time increase in temperature due to 
insolation of heat at the surface of earth. The results 
are in consonance with the findings of22, 27, 37, 39 and 

41.  

COnCluSIOnS

 Investigation revealed that ban oak forest 
had  greater moderating effects over solar radiations, 
ambient temperature, relative humidity and wind 
speed. This impact resulted from biogeographic 
stand characteristics, forest type, dominant tree 
species, topography, slope orientation, soil type 
and soil health which directly influenced the soil 
physico-chemical properties, nutrient cycling, 
microbial biomass and therefore affects the natural 
regeneration process of native species. Thus, there 
is ample scope for growth of mixed type forest 
community for protection and management of forests 
from forest fire threats. It will also help in maintaining 
the crop weather soil balance. The study opens the 
scope for further investigations in the same field to 
determine the weather indicators which are crucial 
determinants of ecological patterns and drivers of 
growth and mortality of forest community.

aKnOwlEDgEMEntS

 The assistance provided by Dr S K Bhardwaj 
Prof.& Head, Department of Environmental Science, 
and Dr. R.K.Gupta, Professor (Statistics),Department 
of Basic Sciences, Dr Y S Parmar University of 
Horticulture and Forestry, Nauni, HP-India in the 
present study is highly acknowledged.

  
rEFErEnCES

1. Aussenac G.Interaction between forest 
stands and microclimate: Ecophysiological   
aspects  and consequences for silviculture. 

Annals for Science, 57, 287-301, (2000).
2.  Babic V P, Krstic M R, Govedar Z V, Todoric 

J R, Vukovic N T,Milosevic Z G.Temperature 



105 MEHTA et al., Curr. World Environ.,  Vol. 12(1), 97-106 (2017)

and other microclimate conditions in the Oak 
forests on Fruska Gora (Serbia). Thermal 
Science, 19 , 415-425, (2015). 

3.  Baker T P, Jordan G J, Baker S C. Microclimatic 
edge effects in a recently harvested forest: 
Do remnant forest patches create the same 
impact as large forest areas. Forest Ecology 
and Management, 365, 128-136, (2016). 

4.  Baker T P, Jordan G J, Steel E A, Fountain-
Jones N M, Wardlaw T J, Baker S C. 
Microclimate through space and time: 
microclimatic variation at the edge of 
regeneration forests over daily, yearly and 
decadal time scales. Forest. Ecology and 
.Management, 334, 174–184, (2014).

5. Kimmins J P.  Forest Ecology: A Foundation 
for Sustainable Management, Prentice Hall, 
New Jersey, Second Edition,(1997).

6.  Bowden R D,  Newkirk K M,  Rullo G M.  Carbon 
dioxide and methane fluxes by  a forest soil 
under laboratory controlled moisture and 
temperature conditions. Soil Biology and  
Biochemistry,  30, 1591 –1597,(1998).

7. Fisher R F and Binkley D.  Ecology and 
Management of Forest Soils. John Wiley and 
Sons, New York.Fourth Edition,(2000).

8. Grimbacher P S, Catterall C P, Kitching R 
L.  Beetle species’ responses suggest that 
microclimate mediates fragmentation effects 
in tropical Australian rainforest. Australian 
Ecology, 31, 458–470, (2006).

9.  Reifsnyder G M, Furnival G M , Horowitz J 
L.  Spatial and temporal distribution of solar 
radiation beneath forest canopies. Agricultural 
and Forest Meterorology,9,21-37, (1971).

10.  Jiquan C, Jerry F F, Thomas A S.  An Empirical 
Model for Predicting Diurnal Air-Temperature 
Gradients from Edge into Old-Growth 
Douglas-Fir Forest. Ecological Modelling,  67, 
( 2-4), 179–198, (1993).

11.  Geiger R, Aron R H, Todhnter P.  The Climate 
Near The Ground. Rowman & Littlefield,   
Lanham,(2003). 

12.  Rebetez M, Reinhard M, Buttler A.  Forests 
tree physiology and climate. Encyclopedia 
of Forest Sciences, London, 1644-1655 , 
(2004).

13.  Holst T, Mayer H, Schindler D.  Mircoclimate 
within beech stands—par t II: thermal 
conditions. European Journal  Forest 

Research,  123 , 13– 28, (2008). 
14.   Renaud V and Rebetez M. Comparison 

between open-site and below-canopy 
climatic conditions in Switzerland during 
the exceptionally hot summer of 2003. 
Agricultural and Forest Meterorology,   149, 
(5), 873–880, (2009).

15.  *Dragañska E, Panfil M, Szwejkowski Z.2016. 
The effect of humidity and temperature on 
human well-being in the forest and on open 
terrain. Lesne Prace Badawcze, 77, (2), 
151–157, (2016).

16.  Gilbert A.  Interaction between forest stand 
and microclimate: Ecophysiological aspects 
and consequences for silviculture. Annals for 
Science,  57,  287- 301, (2000). 

17.  Gray A N, Thomas A S, Easter M J.  
Microclimatic and soil moisture responses to 
gap formation in coastal Douglas-Fir forests. 
Canadian Journal of Forest Research,  32, 
332-343, (2002).

18.  Arx G V, Dobbertin M, Rebetez M. Spatio-
temporal effects of forest canopy on 
understorey microclimate in a long term 
experiment in Switzerland.Agricultural and 
Forest Meterology, 166-167, 144-155, 
(2012).

19.  Perry D A.  Forest Ecosystems. Johns Hopkins 
University Press, Baltimore, U.S.A.(1994).

20.  Ibrahim I, Samah A A, Fauzi R, Noor N M.   
The land surface temperature impact to 
land cover types.  The International Archives 
of the Photogrammetry, Remote Sensing 
and Spatial Information Sciences, XlI-B3, 
(2016).

21.  Ma S, Concilio A, Oakley B, North M, Chen 
J.  Spatial variability in microclimate in a 
mixed-conifer forest before and after thinning 
and burning treatments. Forest Ecology and 
Management,  259, 904–915, (2010).

22.  Merklova L and Bednarova E.  Microclimate 
in a spruce and beech stand,  Bio-climatology 
and and Natural Hazards, Polana nad 
Detvou, Slovakia, ISBN 978-80-228-17-60-8, 
(2007).

23.  Rambo T R and Nor th M P.  Canopy 
microclimate response to pattern and density 
of thinning in a Sierra Nevada forest. Forest 
Ecology and Management, 257, (2-4), 35-42, 
(2009). 



106 MEHTA et al., Curr. World Environ.,  Vol. 12(1), 97-106 (2017)

24.  Godefroid S, Rucquoij S, Koedam N.  Spatial 
variability of summer microclimate and plant 
species response along transects within 
clearcuts in a beech forest. Plant Ecology,  
185, 107-121, (2006). 

25.  Porte A, Huard F, Dreyfus P. Microclimate 
beneath pine plantation, semi- mature pine 
plantation and mixed broadleaved pine forest. 
Agricultural and Forest Meteorology, 126,  
175-182, (2004).

26.  Newmark and William D.  Tanzanian forest 
edge microclimatic gradients: dynamic 
patterns. Biotropica,  33 ,  (1), 2-11, (2001). 

27.  Morecroft M D, Taylor M E, Oliver H R.  Air 
and soil microclimates of deciduous woodland 
compared to an open site. Agricultural and 
Forest Meteorology, 90, (1-2) , 56-141, 
(1998).

28. Breman H and Kessler J J. Woody Plants 
in Agro-Ecosystems of Semi Arid Regions. 
Springer-Verlag, Berlin, (1995).

29.  Young, Andrew, Mitchell N.  Microclimate 
and vegetation edge effects in a fragmented 
podocarp-broadleaf forest in New Zealand. 
Biological Conservation,  67 , (1) 6, (1994).

30. Akpo L E, Goudioby V A, Grouzis M, 
Howerou L E. Tree shade effects on soils 
and environmental factors in a savanna of 
Senegal. West African Journal of Applied 
Ecology, 7, (2005).

31. Grimmond C S B, Robeson S M, Schoof J T.  
Spatial variability of microclimatic conditions 
within a mid-latitude deciduous forest. Climate 
Research, 15, 137-149, (2000).

32. Bolibok L, Brach M, Drozdowski1 S, 
Szeligowski1 H. Latitudinal variability of the 
radiation microclimate in artificial forest gaps 
in Poland – the modelling perspective. Leœne 
Prace Badawcze, 77, (1), 5–13, (2016).

33. Rosenberg N J, Blad B L, Verma S B.  
Microclimate: The Biological Environment. 

John Willey and Sons, London, (1983).
34. Smith A P, Hogan K P, Idol J R.  Spatial 

and temporal patterns of light and canopy 
structure in a lowland tropical moist forest. 
Biotropica,  24, 503-511, (1992).

35. Tahir H M M and Yousif T A.  Effect of 
urban trees on wind speed in Khartoum 
State. Journal of Natural Resources and 
Environmental Studies,  1-2, 1-3, (2013). 

36. Renaud V, Innes J L, Dobbertin M, Rebetes 
M. 2010. Comparison between open site 
and below canopy climatic conditions in 
Switzerland for different types f forests over 
10 years (1998-2007). Theoretical Applied 
Climatalogy, 105, 119-127, (2010).

37. Behera S K,  Mishra A K, Sahu N, Kumar A, 
Singh N,  Kumar A, Bajpai O,  Chaudhary L B, 
Khare P B, Tuli R. The study of Microclimate 
in Response to Different Plant Community 
Association in Tropical Moist Deciduous 
Forest from Northern India. Springer, DOI 
10.1007/s10531-012-0230-5, (2012).

38 . Davies-Colley R J, Payne G W, Elswijk M 
V. Microclimate gradients across a forest 
edge. New Zealand Journal of Ecology,  24, 
111–121 , (2000). 

39 . Chen J, Sari C S, Thomas R C, Robert J N, 
Kimberley D B, Glenn D M, Brian L B, Jerry 
F F. Microclimate in forest ecosystem and 
landscape ecology. Bioscience, 49, 288–297, 
(1999). 

40 . Brooks R T and Kyker-Snowman T D.  Forest 
floor temperature and relative humidity 
following timber harvesting in southern 
New England, USA. Forest Ecology and 
Management,  254,  65-73, (2008). 

41.  Chen J and  Franklin J F.  Growing-season 
microclimate variability within an old-growth 
Douglas-fir forest. Climate Research,  8, 21-
34, (1997).


