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were used in this study. Results revealed that woodland (6.5%) and crop/bare land
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1. Introduction
For effective management of resources, three elements are to be paid attention, including resource

information, management policies, and all the stakeholders' participation in the process. Of valuable vegetation
resources are forests that provide goods and services, such as food, shelter, fuel, and daily supplies that include
medicine and paper. Woodland helps in giving living space to untamed life and improves land quality
(Teshome et al., 2016). Likewise, Forests assume a significant job in adjusting the Earth's CO2 flexibly and trade.
In view of other research, nearby individuals also accumulate different woodlands for family unit use and
money pay (Jain and Sajjad, 2016). Many people rely upon backwoods assets to win their living; they acquire
natural products, leaves, and stem for food, medication, and wood for house construction and fire. But these
valuable resources are facing severe challenges today, mainly due to population density, agricultural and
industrial activities. Verburg and colleagues revealed that, in general, around 6,000,000 hectares of woods lands
have changed because of logging, rural, mining, and other human exercises the world over (Verburg et al.,
2006).

1.1. Research problem

The major problem lies with the appropriate method to be employed to attain the desire objectives.
However, by developing R.S. and GIS, sustainable development of forest resources through monitoring and
management of the resources becomes more facile. Since 1972, when Landsat was launched, remote sensing
technology has been used to monitor natural resources for proper management of the entire universe. Remote
detecting is the science and craft of securing data about a marvel, items, or surface highlights from a far off
stage, generally a satellite or airborne sensor without direct contact to an article (Sonti, 2015). Satellite
information gets through R.S. are accessible at different ghostly, spatial, and worldly goals and are valuable to
map expansive backwoods types, recognize and portray significant woodland changes after some time (Leckie,
1990). On the other hand, GIS is an essential tool for forest management because it answers questions such as
location, condition, trends, pattern, and modeling techniques that help in forest management activities
(Creutzburg et al., 2017).

As indicated by Guo and associates, utilization of these advancements, either exclusively or in the mix,
traverses a wide scope of uses and degrees of intricacy. Historically, Remote Sensing has been an essential tool
for vegetation resource data collection in various forms (Guo et al., 2017). In this way, incorporating information
from various sorts of remote sensors for the backwoods stock is unequivocally empowered (Sankey et al., 2017).
The structure of data obtained from R.S. permits its input into GIS environment for processing, analysis,
mapping, and display. On a global scale, such as the vast area of the tropics large volume of data is required to
identify and classify vegetation resources. On this premise, coarse goals scanners with fleeting high goals, for
example, The Advanced Very High-Resolution Radiometer (AVHRR) of NOAA (National Oceanic and
Atmospheric Administration) are needed which has a twice-daily overpass. Fig. 1 shows the map of global
vegetation cover classification as derived from AVHRR satellite. The figure shows that North America has been
mainly dominated by evergreen and mixed forest, while shrub and brush rangeland is found in Australia and
some part of South America; in North Africa, Arab land and some part of middle Asia are dominated with the
barren ground while Tundra is found in the extreme end of North America and Northern part of Russia.

The more extensive coverage and resolution of AVHRR enable its data to be used in deriving a map of global
biomes, as shown in Fig. 2. The dull blue and green zones speak to thick vegetation, while pink and dim red
regions speak to inadequate vegetation. Other high-resolution scanners that are used in the global coverage are
Landsat series and Spot, which have repeated cycles of around two weeks. Some studies stated that Landsat TM
symbolism had been utilized in a few endeavors to decipher the exactness and even adjust AVHRR symbolism
(Stone et al., 1991; Teuber, 1990). Satellite data has also been used to monitor coastal zones' biomes production,
as shown in Fig. 3, whereby the pixel size of about 825 m is covered with biomes with six-channel optimization.
Remote sensing and GIS technologies have been utilized to monitor vegetation cover changes caused by large-
scale deforestation and other incidences such as pests and pollution. The GIS technologies for backwoods
13
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management might be seen dependent on two expansive and related viewpoints; the asset stock and observing,
just as investigation, displaying, and determining to help dynamic.

The two categories have been used in many parts of the world and Nigeria such as; A study conducted by
United States Environmental Protection Agency (EPA) using Landsat Thermatic Mapper (TM) imagery (Ibitoye
et al., 2017). Hewitt identified sixteen distinct spectral classes of xeric riparian habitats which further aggregated
into three classes namely: water, riparian and non-riparian areas in the eastern Washington State of USA
(Hewitt, 1990). Stone and colleagues in Rondania of Brazil used Landsat MSS of 1980 and TM of 1986 imageries
to characterize territory and deforestation rates for an examination zone of almost thirty thousand KM? (Stone et
al., 1991).

E;ergreen Forest Cropland & Pasture
Aixed Forest Land Mixed Rangeland Banmen Ground
igdiducus Forest | [NIEEH

Tundra [ Nigeria

Fig. 2. Global biome map (Rogers et al., 1997).

The analysts found that 3168 KM2 of new clearing happened somewhere in the range of 1980 and 1986.
Thus, in the United States of America, Vogelmaun and Rock utilized Landsat TM to survey and screen harm in
coniferous timberlands in the province of Vermont. The analysts found that the most helpful ghostly reflectance
information was TM4 and TM5. The higher the proportion of the two groups (TM5/TM4), the greater the harm
that had happened (Vogelmann and Rock, 1989). One investigation revealed a three-year venture started in

Germany in 1986 to set up strategies to distinguish, arrange, and map woodland decrease utilizing a mix of
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Landsat MSS and airborne multi-otherworldly symbolism. The outcome uncovered that qualities ghostly marks
could be recognized for various tree species (tidy, pine, and beech) contingent upon decay level (Landauer,
1989).

In another work, the created GIS-based displaying device empowered unique liveliness inside the GIS
interface. The outcomes indicated that this apparatus could be adjusted to other CA-based spatio-fleeting
displaying applications (Yassemi et al., 2008). The researchers present the capability of GIS in two parts. In the
first part, only GIS was used, and in the second part, a forest growth model was combined with a GIS. Also,
forest cover change and vulnerability analysis in Kenya, supervised by Wachiye and colleagues (Wachiye,
2013).

A gathering of analysts applied satellite remote detecting to groundwater potential displaying. In this
investigation, Thematic maps of the topography, the lineament thickness, the lineament-crossing point
thickness, the spring thickness, and the spring resistivity of the examination zone were incorporated to group
the territory into shifted groundwater potential zones. Results indicated that the groundwater capability of
regions around Ejigbo, Osun state is poor to direct level rating (Dasho et al., 2017). In other investigations in the
Lower Niger Basin, West Africa, the Spatio-temporal variation in rainfall-runoff erosivity was examined due to
climate change. Results indicated the Increasing patterns in yearly erosivity from the gauge atmosphere when
all the GCMs were found the middle value of. Likewise, the higher precipitation sums were the significant

drivers of the spatial-fleeting changes in erosivity (Amanambu et al., 2019).

Fig. 3. Coastal zone biomes map (Rogers et al., 1997).

2. Materials and Methods
This research was done using Landsat MSS of 1976 and Landsat Operational Land Imager (OLI) of 2015 with
a spatial resolution of 30 m; these data were downloaded from United States Geological Survey (USGS) achieve.

2.1. Study area

The study area lies between 9.49°81'88"-12.52°14'80"N lat. And 8.72°90'70"-11.02°32'73"E long (Fig. 4). The
area's population is estimated to be 4,351,007 in 1991, 4,653,066 in 2006, and a projected population of 5,515,303
in 2011. The study area falls within Guinea Savannah Zone of Nigeria; vegetation cover of the area is dominated
with woodland in the hills, lowlands and high land area, grass cover, and crop land suitable for various
agricultural activities and rearing of animals. The vegetation's idea has been related to the populace thickness
and attributes of the region's atmosphere. The temperature is high during the time with a mean limit of around

34 °C and at least around 20 °C. The area has an average annual rainfall of about 1,104.5 mm in 2005 and about
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1,621.3 mm in 2009. The annual mean relative humidity at 1500 GMT reach about 35.2% and about 44.3% at 0900

GMT, annual mean radiation of the area is about 21.7mm while evapo-transpiration is about 5.3 mm.

2.2. Data analysis

The information examination strategy for this investigation depended on Remote Sensing and GIS
examination utilizing picture grouping procedures in Arcgis 10.2 environ. A picture arrangement method is a
way toward allotting pixels to different classes; it is the ID of the example related to every pixel position in
symbolism (Rozenstein and Karnieli, 2011). This study employed the use of the two most frequently used
techniques namely, the supervised and unsupervised. Maximum Likelihood Classifier (MLC) of supervised
Techniques were used on the Landsat MSS imagery of 1976. The Department of Forestry developed a vegetation
map of Bauchi State in 1978, the Ministry of Animal and forest resources. The National Industrial Research and
Development Agency (NIRDA) was used as a map for generating training sites. Their classification came up
with seven land cover classes: Shrubbed woodland hills & mountain complex, Shrubbed woodland lowland
complex, Woodland Shrubbed land, Shrubbed grassland & grassland Shrubbed, Woodland grassland, Riparian
vegetation, and Settle area/Cultivated land. In this study, however, the classification scheme was modified to
present: crop/barren land, grassland, and woodland areas. During the analysis, the researchers examine the
frequency of all spectral bands of the imagery using a Histogram, Scattered plot, mean, and covariance.

The benefits of solo grouping are its capacity to execute the order naturally without earlier information on
the investigator's territory. Along these lines, the propensity of making a human mistake is limited because the
product calculation consequently shows remarkable classes as precise units. The inconveniences of the solo
arrangement, then again, incorporate the constrained control of the grouping menu by the expert, which may
prompt delivering classes that are not important to the investigator (Tso and Olsen, 2005). Because of this
limitation, supervised classification was finally carried out on the already classify imagery using unsupervised
classification to come out with the same classes as that of MSS imagery. To analyze trend of the forest and other
vegetation cover in the study area, a table showing the area in Kilometer square and the percentage change for
the study period measured against each class was developed. Rate change to decide the pattern of progress was
then determined by isolating watched change by the entirety of changes duplicated by 100. In acquiring the
yearly pace of progress, the rate change is separated by 100 and increased by the quantity of study year (39
years).
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Fig. 4. Map of the study area, Source (GIS lab, ABU, Zaria).
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3. Results and Discussion
3.1. Identification of significant vegetation covers classes

Figs. 5 & 6 show the remote sensing and GIS ability to map and monitor the distribution and changes of land
cover in the Bauchi state of Nigeria. Based on the above figures and Table 1, the woodland occupied the highest
land area of about 65.3% in 1976 but decreased to about 58.8% in 2015. This was followed by crop/barren land
with 17.8% in 1976, but it increased to 25.9% in 2015, while grassland occupied the lowest area of only 16.9% in
1976 it decreased to 15.3% in 2015. These results indicated that the Bauchi state's woodland is the highest
vegetation cover from 1976 to 2015, even though the area occupied by this type of vegetation is reducing while
those occupied by crop/barren land are generally increasing. The findings of this study are in line with that of
Hiernaux et al., in Sudano-Sahelian Ecological zones of Nigeria (Hiernaux et al., 2009); Sahebjalal and
Dashtekian, in Iran (Sahebjalal and Dashtekian, 2013); Gadiga and Dan, in Yobe (Gadiga and Dan, 2015).

Based on results and study in the Sudano-Sahelian Ecological zones of Nigeria, the Spatio-temporal
distribution of vegetation cover in their respective areas studied and should also that vegetation resources,
especially forest cover, are continuously decreasing both in height and density. Hence, this study's findings
reveal that human activities, mainly farming, are infringing the available forest resource in Bauchi state. The
maps produced in this study also shows how geospatial tools could be used to conduct research even in areas
that are difficult to reach by human transport system due to the density of vegetation cover or how they are

dangerous (Figs. 5 & 6).

Table 1. The aerial extent of vegetation covers classes in the study area (1976 and 2015).

Pattern 1976 2015
Area Area Area Area
(Km?2) (%) (Km?2) (%)
Woodland 31452.3 65.3 28319.7 58.8
Grassland 8160 16.9 7374.2 15.3
Crop/ barren land 8570.7 17.8 12489.1 25.9
Total 48183 100 48183 100
S‘O;O'E 10’1.0'0"E 11‘2?‘0"E
£ =
Legend
CATEGORIES
I Crop/barren land
a‘::;::z ()_ 2C)— ald 8o 1=0 16&"0’“6(6(5
9°0°0"E 10°10°0"E 11°20°0°E

Fig. 5. 1976 vegetation cover of Bauchi State, Source (Author's Data Analysis, 2018).
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Fig. 6. 2015 vegetation cover of Bauchi State, Source (Author's Data Analysis, 2018).

3.2. Determination of percentage and the annual rate of change

Table 2 showed the share and annual rate of change of vegetation cover in the study area. It revealed that the
percentage change of crop/bare land within the study period had been raised by 50% while that of woodland
fall by 39.97%. The annual rate of change within 39 years of the study for crop/barren land has been plus 19.5,
but that of woodland has been minus 15.59 and minus 3.91 for grassland. The findings of this research are
supported by other research in Nigeria's wooded savannah. Based on the results the studied areas occupied by
very high vegetation cover and also indicated how crop/barren lands double all other categories of land cover
(Fasona et al., 2013).

Table 2. Percentage change and Annual rate of Changes of vegetation cover classes in the study area (1976 and
2015).

Pattern Change % Change Annual Rate of Change
Woodland -3132.6 39.97 -15.59

Grassland -785.8 10.03 -3.91

Crop/ barren land 3918.4 50.00 19.5

Total 7836.8 100 0.0

4. Conclusions

In this study, the capabilities of remote sensing and GIS applications in sustainable forest management have
been reviewed. Despite the diversity of applications, however, significant conclusions can be drawn about the
role of geospatial techniques in forestry and vegetation resource management. It clearly shows that vegetation
resource, mainly woodland, is on the decreasing trend in the study area at the rate of 15.59% while crop/barren
lands increase by about 50% within the study period. It is also concluded that vegetation resources, especially
forests, are dynamic and are mostly affected by many coexisting processes such as deforestation, urbanization,
and wildfire, which need to be monitored and manage through modern technologies such as remote sensing
and GIS. The findings of this research further revealed that geospatial technologies could be effectively used to
address the problem associated with the changes that occur on vegetation resources.

References

Amanambu, A.C,, Li, L., Egbinola, C.N., Obarein, O.A., Mupenzi, C., Chen, D., 2019. Spatio-temporal variation
in rainfall-runoff erosivity due to climate change in the Lower Niger Basin, West Africa. CATENA 172, 324-334.
https://doi.org/10.1016/j.catena.2018.09.003

18


http://freepaper.me/PDF/?pdfURL=aHR0cHM6Ly9mcmVlcGFwZXIubWUvbi9BR2R4RDNNTXJrYXVENGVpakF4OUtnL1BERi9jZS9jZTI0MGNkMjk1ZDdjNDhkMTVmYjUyZjFmOGNiODZlNS5wZGY=&doi=10.1016/j.catena.2018.09.003
http://freepaper.me/PDF/?pdfURL=aHR0cHM6Ly9mcmVlcGFwZXIubWUvbi9BR2R4RDNNTXJrYXVENGVpakF4OUtnL1BERi9jZS9jZTI0MGNkMjk1ZDdjNDhkMTVmYjUyZjFmOGNiODZlNS5wZGY=&doi=10.1016/j.catena.2018.09.003
https://doi.org/10.1016/j.catena.2018.09.003

A.Opara et al., Cent Asian J Environ Sci Technol Innov 1(1): 12-20 (2020)

Creutzburg, M.K,, Scheller, R.M., Lucash, M.S., LeDug, S.D., Johnson, M.G., 2017. Forest management scenarios
in a changing climate: trade-offs between carbon, timber, and old forest. Ecol. Appl., 27, 503-518.
https://doi.org/10.1002/eap.1460

Dasho, O.A., Ariyibi, E.A., Akinluyi, F.O., Awoyemi, M.O., Adebayo, A.S., 2017. Application of satellite remote
sensing to groundwater potential modeling in Ejigbo area, Southwestern Nigeria. Model. Earth Syst. Environ., 3,
615-633. https://doi.org/10.1007/s40808-017-0322-z

Fasona, M., Tadross, M., Abiodun, B., Omojola, A., 2013. Some implications of terrestrial ecosystems response
to climate change for adaptation in Nigeria’'s wooded savannah. Ewnviron. Dev., 5, 73-95.
https://doi.org/10.1016/j.envdev.2012.11.003

Gadiga, B.L., Dan, Y., 2015. Evaluating the Role of Shelterbelt in Vegetation Development in a Semi Arid Zone
of Yobe State, Nigeria. . Geogr. Inf. Syst., 07, 541-550. https://doi.org/10.4236/jgis.2015.75043.

Goodland, R., Ledec, G., 1987. Neoclassical economics and principles of sustainable development. Ecol. Modell.,
38, 19-46. https://doi.org/10.1016/0304-3800(87)90043-3

Guo, X., Coops, N.C., Tompalski, P., Nielsen, S.E., Bater, CW., John Stadt, ]., 2017. Regional mapping of
vegetation structure for biodiversity monitoring using airborne lidar data. Ecol. Inform., 38, 50-61.
https://doi.org/10.1016/j.ecoinf.2017.01.005

Hewitt, M.]., 1990. Synoptic inventory of riparian ecosystems: The utility of Landsat Thematic Mapper data. For.
Ecol. Manage., 33-34, 605-620. https://doi.org/10.1016/0378-1127(90)90222-W

Hiernaux, P., Diarra, L., Trichon, V., Mougin, E., Soumaguel, N., Baup, F., 2009. Woody plant population
dynamics in response to climate changes from 1984 to 2006 in Sahel (Gourma, Mali). J. Hydrol., 375, 103-113.
https://doi.org/10.1016/j.jhydrol.2009.01.043

Ibitoye, M.O., Aderibigbe, O.G., Adegboyega, S.A., Adebola, A.O., 2017. Spatio-temporal analysis of land
surface temperature variations in the rapidly developing Akure and its environs, southwestern Nigeria using
Landsat data. Ethiop. ]. Environ. Stud. Manag., 10, 389. http://dx.doi.org/10.4314/ejesm.v10i3.9

Jain, P., Sajjad, H., 2016. Household dependency on forest resources in the Sariska Tiger Reserve (STR), India:
Implications for management. J. Sustain. For., 35, 60-74. https://doi.org/10.1080/10549811.2015.1099108
Landauer, R., 1989. Johnson-Nyquist noise derived from quantum mechanical transmission. Phys. D Nonlinear
Phenom., 38, 226-229. https://doi.org/10.1016/0167-2789(89)90197-8

Leckie, D.G., 1990. Advances in remote sensing technologies for forest surveys and management. Can. J. For.
Res., 20, 464-483. https://doi.org/10.1139/x90-063

Lewandowski, 1., 2015. Securing a sustainable biomass supply in a growing bioeconomy. Glob. Food Sec., 6, 34—
42. https://doi.org/10.1016/j.gfs.2015.10.001

Rogers, D.J., Hay, S.I., Packer, M.J., Wint, G.R.W., 1997. Mapping land-cover over large areas using
multispectral data derived from the NOAA-AVHRR: A case study of Nigeria. Int. ]. Remote Sens., 18, 3297-3303.
https://doi.org/10.1080/014311697217107

Rozenstein, O., Karnieli, A., 2011. Comparison of methods for land-use classification incorporating remote
sensing and GIS inputs. Appl. Geogr., 31, 533-544. https://doi.org/10.1016/j.apgeog.2010.11.006

Sahebjalal, E., Dashtekian, K., 2013. Analysis of land use-land covers changes using normalized difference
vegetation index (NDVI) differencing and classification methods. African ]. Agric. Res., 8, 4614-4622.
https://doi.org/10.5897/AJAR11.1825

Sankey, T., Donager, J., McVay, J., Sankey, J.B., 2017. UAV lidar and hyperspectral fusion for forest monitoring
in the southwestern USA. Remote Sens. Environ., 195, 30-43. https://doi.org/10.1016/j.rse.2017.04.007

Sonti, S.H., 2015. Application of Geographic Information System (GIS) in Forest Management. ]. Geogr. Nat.
Disasters., 05. https://doi.org/10.4172/2167-0587.1000145

Stone, T.A., Brown, LF.,, Woodwell, G.M., 1991. Estimation, by remote sensing, of deforestation in central
Rondonia, Brazil. For. Ecol. Manage., 38, 291-304. https://doi.org/10.1016/0378-1127(91)90150-T

19


https://pdxscholar.library.pdx.edu/cgi/viewcontent.cgi?article=1187&context=esm_fac
https://pdxscholar.library.pdx.edu/cgi/viewcontent.cgi?article=1187&context=esm_fac
https://doi.org/10.1002/eap.1460
https://freepaper.me/PDF/3d/3d0ff3345312b58852cbfcb78c415e34.pdf?hash=FoHVocqnxi39DmvRTzNY4w&doi=10.1007/s40808-017-0322-z&hash2=g9EUrlfs5J4pAYGcJ01y5g
https://freepaper.me/PDF/3d/3d0ff3345312b58852cbfcb78c415e34.pdf?hash=FoHVocqnxi39DmvRTzNY4w&doi=10.1007/s40808-017-0322-z&hash2=g9EUrlfs5J4pAYGcJ01y5g
https://doi.org/10.1007/s40808-017-0322-z
http://freepaper.me/PDF/?pdfURL=aHR0cHM6Ly9jeWJlci5zY2ktaHViLnR3L01UQXVNVEF4Tmk5cUxtVnVkbVJsZGk0eU1ERXlMakV4TGpBd013PT0vZmFzb25hMjAxMy5wZGYjdmlldz1GaXRI&doi=10.1016/j.envdev.2012.11.003
http://freepaper.me/PDF/?pdfURL=aHR0cHM6Ly9jeWJlci5zY2ktaHViLnR3L01UQXVNVEF4Tmk5cUxtVnVkbVJsZGk0eU1ERXlMakV4TGpBd013PT0vZmFzb25hMjAxMy5wZGYjdmlldz1GaXRI&doi=10.1016/j.envdev.2012.11.003
https://doi.org/10.1016/j.envdev.2012.11.003
https://file.scirp.org/pdf/JGIS_2015103015091496.pdf
https://file.scirp.org/pdf/JGIS_2015103015091496.pdf
http://dx.doi.org/10.4236/jgis.2015.75043
http://dx.doi.org/10.4236/jgis.2015.75043
https://srv2.freepaper.me/n/LZv1O3tXGBKxhL3tOb7r5w/PDF/59/59874c13e21febfef1447f1160c7e59f.pdf
https://doi.org/10.1016/0304-3800(87)90043-3
http://freepaper.me/PDF/?pdfURL=aHR0cHM6Ly9mcmVlcGFwZXIubWUvbi9ZRkh1UGxFQWQtWlJuYWNoQ1ZwcnR3L1BERi9kNC9kNDk3NzYwN2FkNzA3OGU2MTk5MGRlNDNlMWQyZjAxYi5wZGY=&doi=10.1016/j.ecoinf.2017.01.005
http://freepaper.me/PDF/?pdfURL=aHR0cHM6Ly9mcmVlcGFwZXIubWUvbi9ZRkh1UGxFQWQtWlJuYWNoQ1ZwcnR3L1BERi9kNC9kNDk3NzYwN2FkNzA3OGU2MTk5MGRlNDNlMWQyZjAxYi5wZGY=&doi=10.1016/j.ecoinf.2017.01.005
https://doi.org/10.1016/j.ecoinf.2017.01.005
https://zero.sci-hub.tw/2369/3e0177ea20b45b3cf3458cc5eba633d1/hewitt1990.pdf#view=FitH
https://doi.org/10.1016/0378-1127(90)90222-W
http://hal.ird.fr/ird-00406590/document
http://hal.ird.fr/ird-00406590/document
https://doi.org/10.1016/j.jhydrol.2009.01.043
https://www.ajol.info/index.php/ejesm/article/download/156177/145796
https://www.ajol.info/index.php/ejesm/article/download/156177/145796
https://www.ajol.info/index.php/ejesm/article/download/156177/145796
http://dx.doi.org/10.4314/ejesm.v10i3.9
http://freepaper.me/PDF/?pdfURL=aHR0cHM6Ly96ZXJvLnNjaS1odWIudHcvNTA1OS9mOTJhZjMxZmY5ODdhYmU2MGUwZmQ1ZDA2MzQyZmNlZS9qYWluMjAxNS5wZGYjdmlldz1GaXRI&doi=10.1080/10549811.2015.1099108
http://freepaper.me/PDF/?pdfURL=aHR0cHM6Ly96ZXJvLnNjaS1odWIudHcvNTA1OS9mOTJhZjMxZmY5ODdhYmU2MGUwZmQ1ZDA2MzQyZmNlZS9qYWluMjAxNS5wZGYjdmlldz1GaXRI&doi=10.1080/10549811.2015.1099108
https://doi.org/10.1080/10549811.2015.1099108
https://freepaper.me/PDF/10/101faf7c18e301a54f83ade519883498.pdf?hash=Mkd2aAZ8EOe2a9aHubntSw&doi=10.1016/0167-2789(89)90197-8&hash2=2M7xGYw6Jz_bBRWGGpAWjg
https://doi.org/10.1016/0167-2789(89)90197-8
http://zero.sci-hub.tw/2130/507c594631d0cbc0124da55ddb06c3f9/leckie1990.pdf#view=FitH
https://doi.org/10.1139/x90-063
http://freepaper.me/PDF/?pdfURL=aHR0cHM6Ly9mcmVlcGFwZXIubWUvbi82azZtUUF5d3paY3FSZDNfNUh5OXpRL1BERi9hNC9hNGNmMmJlMTZhY2RiZTgwMWNlNzM1YjJjMGI5MjFkNC5wZGY=&doi=10.1016/j.gfs.2015.10.001
https://doi.org/10.1016/j.gfs.2015.10.001
http://freepaper.me/PDF/?pdfURL=aHR0cHM6Ly9mcmVlcGFwZXIubWUvbi9nVUZJVVV4MHA4c1ZiVFltakdPWjVnL1BERi9iNy9iNzdhZWJhOWZkMzNkODFkMTMwNTI4ZmQ1ZTE1MjBjMS5wZGY=&doi=10.1080/014311697217107
http://freepaper.me/PDF/?pdfURL=aHR0cHM6Ly9mcmVlcGFwZXIubWUvbi9nVUZJVVV4MHA4c1ZiVFltakdPWjVnL1BERi9iNy9iNzdhZWJhOWZkMzNkODFkMTMwNTI4ZmQ1ZTE1MjBjMS5wZGY=&doi=10.1080/014311697217107
https://doi.org/10.1080/014311697217107
http://freepaper.me/PDF/?pdfURL=aHR0cHM6Ly9mcmVlcGFwZXIubWUvbi9MQkdSZ1QweFNpNlMyc3V1TGlLd2pBL1BERi84YS84YWYxMzNjMjNjZjAyMDJlZDFiYjdkNWNlOTBlODRhZS5wZGY=&doi=10.1016/j.apgeog.2010.11.006
http://freepaper.me/PDF/?pdfURL=aHR0cHM6Ly9mcmVlcGFwZXIubWUvbi9MQkdSZ1QweFNpNlMyc3V1TGlLd2pBL1BERi84YS84YWYxMzNjMjNjZjAyMDJlZDFiYjdkNWNlOTBlODRhZS5wZGY=&doi=10.1016/j.apgeog.2010.11.006
https://doi.org/10.1016/j.apgeog.2010.11.006
https://pdfs.semanticscholar.org/ee8c/8413e483946e0a3b4a06df20ac758b975bb3.pdf
https://pdfs.semanticscholar.org/ee8c/8413e483946e0a3b4a06df20ac758b975bb3.pdf
https://doi.org/10.5897/AJAR11.1825
http://freepaper.me/PDF/?pdfURL=aHR0cHM6Ly9mcmVlcGFwZXIubWUvbi8xTG1nZ3FMM2FtdzZpd3EzNkJESUFRL1BERi8wNS8wNTM4ODQzZjAwNjcwODM2Y2YxYjI3NjFiMjhhMjc2My5wZGY=&doi=10.1016/j.rse.2017.04.007
http://freepaper.me/PDF/?pdfURL=aHR0cHM6Ly9mcmVlcGFwZXIubWUvbi8xTG1nZ3FMM2FtdzZpd3EzNkJESUFRL1BERi8wNS8wNTM4ODQzZjAwNjcwODM2Y2YxYjI3NjFiMjhhMjc2My5wZGY=&doi=10.1016/j.rse.2017.04.007
https://doi.org/10.1016/j.rse.2017.04.007
https://s3.amazonaws.com/academia.edu.documents/55346698/0B01bc6sjU98XR2h3RzZ5TzhZWmpOdW50aC1SRjJfVjVoS0NV.pdf?response-content-disposition=inline%3B%20filename%3DGeography_and_Natural_Disasters_Applicat.pdf&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Credentia
https://doi.org/10.4172/2167-0587.1000145
https://doi.org/10.4172/2167-0587.1000145
http://moscow.sci-hub.tw/2398/db31a24b84142948e9749741db2707e6/stone1991.pdf#view=FitH
http://moscow.sci-hub.tw/2398/db31a24b84142948e9749741db2707e6/stone1991.pdf#view=FitH
https://doi.org/10.1016/0378-1127(91)90150-T

Cent Asian J Environ Sci Technol Innov 1(1): 12-20 (2020) A.Oparaetal.,

Teshome, A., de Graaff, J., Ritsema, C., Kassie, M., 2016. Farmers’ Perceptions about the Influence of Land
Quality, Land Fragmentation and Tenure Systems on Sustainable Land Management in the North Western
Ethiopian Highlands. L. Degrad. Dev., 27, 884-898. https://doi.org/10.1002/1dr.2298
Teuber, K.B., 1990. use of AVHHR imagery for large-scale forest inventories. For. Ecol. Manage., 33-34, 621-631.
https://doi.org/10.1016/0378-1127(90)90223-X

Tso, B., Olsen, R.C., 2005. Combining spectral and spatial information into hidden Markov models for
unsupervised image classification. Int. J. Remote Sens., 26, 2113-2133.
https://doi.org/10.1080/01431160512331337844

Verburg, P.H., Overmars, K.P., Huigen, M.G.A., de Groot, W.T., Veldkamp, A., 2006. Analysis of the effects of
land use change on protected areas in the Philippines. Appl. Geogr., 26, 153-173.
https://doi.org/10.1016/j.apgeog.2005.11.005

Vogelmann, J.E., Rock, B.N., 1989. Use of thematic mapper data for the detection of forest damage caused by the
pear thrips. Remote Sens. Environ., 30, 217-225. https://doi.org/10.1016/0034-4257(89)90063-1

Wachiye, A., 2013. GIS based forest cover change and vulnerability analysis: A case study of the Nandi North
forest zone. J. Geogr. Reg. Plan., 6, 159-171. https://doi.org/10.5897/JGRP12.063

Yassemi, S., Dragicevi¢, S., Schmidt, M., 2008. Design and implementation of an integrated GIS-based cellular
automata model to characterize forest fire behaviour. Ecol. Modell., 210, 71-84.
https://doi.org/10.1016/j.ecolmodel.2007.07.020

Copyright © 2020 by CAS Press (Central Asian Scientific Press) + is an open access article distributed under the
Creative Commons Attribution License (CC BY) license
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

How to cite this paper:

Usman, A.K., Abdullahi, A.H., A Opara, J., 2020. Forest resources management using geospatial tools: a case
study of Northern Nigeria. Cent. Asian |. Environ. Sci. Technol. Innov. 1(1), 12-20.

20


http://freepaper.me/PDF/?pdfURL=aHR0cHM6Ly9mcmVlcGFwZXIubWUvbi9UeC1mRVVQRnVackl1TUFJeG00SkpRL1BERi83Ny83N2E3MDIzNDNlYWI4NzgzNjFkYThiYmQ0YzA3ZDA0Zi5wZGY=&doi=10.1002/ldr.2298
http://freepaper.me/PDF/?pdfURL=aHR0cHM6Ly9mcmVlcGFwZXIubWUvbi9UeC1mRVVQRnVackl1TUFJeG00SkpRL1BERi83Ny83N2E3MDIzNDNlYWI4NzgzNjFkYThiYmQ0YzA3ZDA0Zi5wZGY=&doi=10.1002/ldr.2298
http://freepaper.me/PDF/?pdfURL=aHR0cHM6Ly9mcmVlcGFwZXIubWUvbi9UeC1mRVVQRnVackl1TUFJeG00SkpRL1BERi83Ny83N2E3MDIzNDNlYWI4NzgzNjFkYThiYmQ0YzA3ZDA0Zi5wZGY=&doi=10.1002/ldr.2298
https://doi.org/10.1002/ldr.2298
http://zero.sci-hub.tw/2376/72624fd2b2d2e507bb860403f3725942/teuber1990.pdf#view=FitH
https://doi.org/10.1016/0378-1127(90)90223-X
https://freepaper.me/PDF/67/67b20399da3189d0b447e3a422fe2c86.pdf?hash=8GU4V9oHbmUbyff5-D1ACw&doi=10.1080/01431160512331337844&hash2=bpbjCNZnRghcmA8E2m6iig
https://freepaper.me/PDF/67/67b20399da3189d0b447e3a422fe2c86.pdf?hash=8GU4V9oHbmUbyff5-D1ACw&doi=10.1080/01431160512331337844&hash2=bpbjCNZnRghcmA8E2m6iig
https://doi.org/10.1080/01431160512331337844
https://srv2.freepaper.me/n/m9KQZtOj5_MFAZr8xm8jHw/PDF/2f/2fe4519c5d88c8c4ab242e9169ecd8d9.pdf
https://srv2.freepaper.me/n/m9KQZtOj5_MFAZr8xm8jHw/PDF/2f/2fe4519c5d88c8c4ab242e9169ecd8d9.pdf
https://doi.org/10.1016/j.apgeog.2005.11.005
http://freepaper.me/PDF/?pdfURL=aHR0cHM6Ly96ZXJvLnNjaS1odWIudHcvMjM4LzkxNzIzY2I3OTBmNDU4MGIxZTBiNDJmOTYxMzUxZjAwL3ZvZ2VsbWFubjE5ODkucGRmI3ZpZXc9Rml0SA==&doi=10.1016/0034-4257(89)90063-1
http://freepaper.me/PDF/?pdfURL=aHR0cHM6Ly96ZXJvLnNjaS1odWIudHcvMjM4LzkxNzIzY2I3OTBmNDU4MGIxZTBiNDJmOTYxMzUxZjAwL3ZvZ2VsbWFubjE5ODkucGRmI3ZpZXc9Rml0SA==&doi=10.1016/0034-4257(89)90063-1
https://doi.org/10.1016/0034-4257(89)90063-1
https://academicjournals.org/journal/JGRP/article-full-text-pdf/8CDAD5240263
https://academicjournals.org/journal/JGRP/article-full-text-pdf/8CDAD5240263
https://doi.org/10.5897/JGRP12.063
http://freepaper.me/PDF/?pdfURL=aHR0cHM6Ly9mcmVlcGFwZXIubWUvbi80MjZNclNYWHVJbDBCRTViVVVJYmZnL1BERi82MC82MDEzMDk1ZGEwNjk2MmUwNmQ0MTRkN2IxMDgzNDNjYS5wZGY=&doi=10.1016/j.ecolmodel.2007.07.020
http://freepaper.me/PDF/?pdfURL=aHR0cHM6Ly9mcmVlcGFwZXIubWUvbi80MjZNclNYWHVJbDBCRTViVVVJYmZnL1BERi82MC82MDEzMDk1ZGEwNjk2MmUwNmQ0MTRkN2IxMDgzNDNjYS5wZGY=&doi=10.1016/j.ecolmodel.2007.07.020
https://doi.org/10.1016/j.ecolmodel.2007.07.020
https://creativecommons.org/licenses/by/4.0/
http://www.cas-press.com/article_95589.html
http://www.cas-press.com/article_95589.html

