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Abstract

The Central Region of Kenya has undergone significant changes in land cover due to a broad range of drivers.
These changes are more pronounced in forestland conversions. Past researches within the study area have
identified drivers of land cover change without quantifying the influence of these drivers. Predictor variables
include population density, precipitation, elevation, slope, forest fires, soil texture, proximity to roads, rives and
towns. Land cover changes were analyzed using multi-temporal land cover maps between year 1990 and 2014.
Boosted regression trees model was applied to determine the significant drivers and quantify their relative
influence on key forestland transitions. The local and spatial influence of the drivers has further been analyzed
by geographical weighted regression using coefficients determined at each sample point. Significant land cover
changes continuously occurred over the study period. Forestland reduced from 38.90% in 1990 to 38.14% in
2014. Grassland reduced from 32.59 to 22.57%, cropland increased from 28.05 to 38.83% and wetland changed
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from 0.07 to 0.04%. Other land which constitutes of bare land and built up increased from 0.38 to 0.42%. The
results show population density had the highest contribution to forestland changes throughout the study period,
with a minimum contribution of 20.02% to a maximum of 26.04%. Other significant variables over the study
period are precipitation, slope, elevation and the proximity variables. The results indicate that the relative
influence of the drivers to forestland conversion varies with time, location and type of transition.

This is a preview of subscription content, log in to check access.

Access options

Rent this article via DeepDyve.

34,95 € 66,39 €

Price includes VAT for Kenya This is the net price. Taxes to
be calculated in checkout.

Immediate online access to all

Instant access to the full article issues from 2019. Subscription
PDF. will auto renew annually.

Learn more about Institutional subscriptions

Fig. 1

Fig. 2


https://link.springer.com/signup-login?previousUrl=https%3A%2F%2Flink.springer.com%2Farticle%2F10.1007%2Fs40808-020-00781-2
https://www.deepdyve.com/lp/springer-journal/assessment-of-drivers-of-forest-changes-using-multi-temporal-analysis-rphOpZfk80?key=springer
https://www.springernature.com/gp/librarians/licensing/license-options?utm_source=springerlink&utm_medium=referral&utm_campaign=sl-buybox_articlePage_institutionalCustomer&abtest=v2

Fig. 3

Fig. 4

Fig. 5



Fig. 6

Fig. 7

Fig. 8



Fig. 9

References

1. Adhikari S, Fik T, Dwivedi P (2017) Proximate causes of land-use and land-cover change in Bannerghatta
National Park: a spatial statistical model. Forests 8:342. https://doi.org/10.3390/f8090342

Article Google Scholar

2. Andam K8, Ferraro PJ, Pfaff A, Sanchez-Azofeifa GA, Robalino JA (2008) Measuring the effectiveness
of protected area networks in reducing deforestation. Proc Natl Acad Sci 105:16089—-16094.
https://doi.org/10.1073/pnas.0800437105

Article Google Scholar

3. Baccini A, Goetz SJ, Walker WS, Laporte NT, Sun M, Sulla-Menashe D, Hackler J, Beck PSA, Dubayah
R, Friedl MA, Samanta S, Houghton RA (2012) Estimated carbon dioxide emissions from tropical


https://doi.org/10.3390/f8090342
https://doi.org/10.3390%2Ff8090342
http://scholar.google.com/scholar_lookup?&title=Proximate%20causes%20of%20land-use%20and%20land-cover%20change%20in%20Bannerghatta%20National%20Park%3A%20a%20spatial%20statistical%20model&journal=Forests&doi=10.3390%2Ff8090342&volume=8&publication_year=2017&author=Adhikari%2CS&author=Fik%2CT&author=Dwivedi%2CP
https://doi.org/10.1073/pnas.0800437105
https://doi.org/10.1073%2Fpnas.0800437105
http://scholar.google.com/scholar_lookup?&title=Measuring%20the%20effectiveness%20of%20protected%20area%20networks%20in%20reducing%20deforestation&journal=Proc%20Natl%20Acad%20Sci&doi=10.1073%2Fpnas.0800437105&volume=105&pages=16089-16094&publication_year=2008&author=Andam%2CKS&author=Ferraro%2CPJ&author=Pfaff%2CA&author=Sanchez-Azofeifa%2CGA&author=Robalino%2CJA

10.

I1.

12.

13.

14.

deforestation improved by carbon-density maps. Nat Climate Change 2:182—185.
https://doi.org/10.1038/nclimate1354

Article Google Scholar

. Campbell DJ, Lusch DP, Smucker TA, Wangui EE (2005) Multiple methods in the study of driving forces

of land use and land cover change: a case study of SE Kajiado District, Kenya. Hum Ecol 33:763—794.
https://doi.org/10.1007/s10745-005-8210-y,

Article Google Scholar

. Chape S, Harrison J, Spalding M, Lysenko I (2005) Measuring the extent and effectiveness of protected

areas as an indicator for meeting global biodiversity targets. Philos Trans R Soc B 360:443—455.
https://doi.org/10.1098/rstb.2004.1592

Article Google Scholar

. Dunn JB, Mueller S, Kwon H, Wang MQ (2013) Land-use change and greenhouse gas emissions from

corn and cellulosic ethanol. Biotechnol Biofuels 6:51. https://doi.org/10.1186/1754-6834-6-51

Article Google Scholar

. Elith J, Leathwick JR, Hastie T (2008) A working guide to boosted regression trees. J Anim Ecol 77:802—

813. https://doi.org/10.1111/5.1365-2656.2008.01390.x

Article Google Scholar

. Foley JA (2005) Global consequences of land use. Science 309:570-574.

https://doi.org/10.1126/science.1111772

Article Google Scholar

. Friedman JH, Meulman JJ (2003) Multiple additive regression trees with application in epidemiology. Stat

Med 22:1365-1381. https://doi.org/10.1002/sim.1501

Article Google Scholar

Gia Pham T, Kappas M, Van Huynh C, Hoang Khanh Nguyen L (2019) Application of ordinary kriging
and regression kriging method for soil properties mapping in hilly region of central Vietnam. [JGI 8:147.
https://doi.org/10.3390/ijg18030147

Article Google Scholar

Government of Kenya (2010) Analysis of drivers of deforestation and forest degradation in Kenya

Government of Kenya (2014) Forest policy, 2014. Ministry of Environment, Water and Natural Resources
Forest

Government of Kenya (2018) Taskforce report on forest resources management and logging activities in
Kenya. Ministry of Environment and Forestry

Gu H, Wang J, Ma L, Shang Z, Zhang Q (2019) Insights into the BRT (boosted regression trees) method
in the study of the climate-growth relationship of Masson pine in subtropical China. Forests 10:228.
https://doi.org/10.3390/f10030228

Article Google Scholar



https://doi.org/10.1038/nclimate1354
https://doi.org/10.1038%2Fnclimate1354
http://scholar.google.com/scholar_lookup?&title=Estimated%20carbon%20dioxide%20emissions%20from%20tropical%20deforestation%20improved%20by%20carbon-density%20maps&journal=Nat%20Climate%20Change&doi=10.1038%2Fnclimate1354&volume=2&pages=182-185&publication_year=2012&author=Baccini%2CA&author=Goetz%2CSJ&author=Walker%2CWS&author=Laporte%2CNT&author=Sun%2CM&author=Sulla-Menashe%2CD&author=Hackler%2CJ&author=Beck%2CPSA&author=Dubayah%2CR&author=Friedl%2CMA&author=Samanta%2CS&author=Houghton%2CRA
https://doi.org/10.1007/s10745-005-8210-y
https://doi.org/10.1007%2Fs10745-005-8210-y
http://scholar.google.com/scholar_lookup?&title=Multiple%20methods%20in%20the%20study%20of%20driving%20forces%20of%20land%20use%20and%20land%20cover%20change%3A%20a%20case%20study%20of%20SE%20Kajiado%20District%2C%20Kenya&journal=Hum%20Ecol&doi=10.1007%2Fs10745-005-8210-y&volume=33&pages=763-794&publication_year=2005&author=Campbell%2CDJ&author=Lusch%2CDP&author=Smucker%2CTA&author=Wangui%2CEE
https://doi.org/10.1098/rstb.2004.1592
https://doi.org/10.1098%2Frstb.2004.1592
http://scholar.google.com/scholar_lookup?&title=Measuring%20the%20extent%20and%20effectiveness%20of%20protected%20areas%20as%20an%20indicator%20for%20meeting%20global%20biodiversity%20targets&journal=Philos%20Trans%20R%20Soc%20B&doi=10.1098%2Frstb.2004.1592&volume=360&pages=443-455&publication_year=2005&author=Chape%2CS&author=Harrison%2CJ&author=Spalding%2CM&author=Lysenko%2CI
https://doi.org/10.1186/1754-6834-6-51
https://doi.org/10.1186%2F1754-6834-6-51
http://scholar.google.com/scholar_lookup?&title=Land-use%20change%20and%20greenhouse%20gas%20emissions%20from%20corn%20and%20cellulosic%20ethanol&journal=Biotechnol%20Biofuels&doi=10.1186%2F1754-6834-6-51&volume=6&publication_year=2013&author=Dunn%2CJB&author=Mueller%2CS&author=Kwon%2CH&author=Wang%2CMQ
https://doi.org/10.1111/j.1365-2656.2008.01390.x
https://doi.org/10.1111%2Fj.1365-2656.2008.01390.x
http://scholar.google.com/scholar_lookup?&title=A%20working%20guide%20to%20boosted%20regression%20trees&journal=J%20Anim%20Ecol&doi=10.1111%2Fj.1365-2656.2008.01390.x&volume=77&pages=802-813&publication_year=2008&author=Elith%2CJ&author=Leathwick%2CJR&author=Hastie%2CT
https://doi.org/10.1126/science.1111772
https://doi.org/10.1126%2Fscience.1111772
http://scholar.google.com/scholar_lookup?&title=Global%20consequences%20of%20land%20use&journal=Science&doi=10.1126%2Fscience.1111772&volume=309&pages=570-574&publication_year=2005&author=Foley%2CJA
https://doi.org/10.1002/sim.1501
https://doi.org/10.1002%2Fsim.1501
http://scholar.google.com/scholar_lookup?&title=Multiple%20additive%20regression%20trees%20with%20application%20in%20epidemiology&journal=Stat%20Med&doi=10.1002%2Fsim.1501&volume=22&pages=1365-1381&publication_year=2003&author=Friedman%2CJH&author=Meulman%2CJJ
https://doi.org/10.3390/ijgi8030147
https://doi.org/10.3390%2Fijgi8030147
http://scholar.google.com/scholar_lookup?&title=Application%20of%20ordinary%20kriging%20and%20regression%20kriging%20method%20for%20soil%20properties%20mapping%20in%20hilly%20region%20of%20central%20Vietnam&journal=IJGI&doi=10.3390%2Fijgi8030147&volume=8&publication_year=2019&author=Gia%20Pham%2CT&author=Kappas%2CM&author=Huynh%2CC&author=Hoang%20Khanh%20Nguyen%2CL
https://doi.org/10.3390/f10030228
https://doi.org/10.3390%2Ff10030228
http://scholar.google.com/scholar_lookup?&title=Insights%20into%20the%20BRT%20%28boosted%20regression%20trees%29%20method%20in%20the%20study%20of%20the%20climate-growth%20relationship%20of%20Masson%20pine%20in%20subtropical%20China&journal=Forests&doi=10.3390%2Ff10030228&volume=10&publication_year=2019&author=Gu%2CH&author=Wang%2CJ&author=Ma%2CL&author=Shang%2CZ&author=Zhang%2CQ

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Hastie T, Tibshirani R, Friedman J (2009) Unsupervised learning. In: The elements of statistical learning.
Springer, New York, pp 485-585. https://doi.org/10.1007/978-0-387-84858-7 14

Igu NI (2017) Swamp forest use and loss in the Niger Delta: contextual and underlying issues. Open J For
07:34-47. https://doi.org/10.4236/0j£.2017.71003

Article Google Scholar

Kindu M, Schneider T, Teketay D, Knoke T (2015) Drivers of land use/land cover changes in Munessa-
Shashemene landscape of the south-central highlands of Ethiopia. Environ Monit Assess.
https://doi.org/10.1007/s10661-015-4671-7

Article Google Scholar

Kirui PK, Kenduiywo BK, Waithaka EH (2017) Comparison of spatial and conventional regression
models in determination of trachoma prevalence and associated risk factors. Geoinform Geostat Overv.
https://doi.org/10.4172/2327-4581.1000170

Article Google Scholar

Kolb M, Mas J-F, Galicia L (2013) Evaluating drivers of land-use change and transition potential models
in a complex landscape in Southern Mexico. Int J Geogr Inf Sci 27:1804—-1827.
https://doi.org/10.1080/13658816.2013.770517

Article Google Scholar

Leathwick J, Elith J, Francis M, Hastie T, Taylor P (2006) Variation in demersal fish species richness in
the oceans surrounding New Zealand: an analysis using boosted regression trees. Mar Ecol Prog Ser
321:267-281. https://doi.org/10.3354/meps321267

Article Google Scholar

Morrison J, Higginbottom T, Symeonakis E, Jones M, Omengo F, Walker S, Cain B (2018) Detecting
vegetation change in response to confining elephants in forests using MODIS time-series and BFAST.
Remote Sens 10:1075. https://doi.org/10.3390/rs10071075

Article Google Scholar

Miiller D, Leitao PJ, Sikor T (2013) Comparing the determinants of cropland abandonment in Albania and
Romania using boosted regression trees. Agric Syst 117:66—77. https://doi.org/10.1016/j.agsy.2012.12.010

Article Google Scholar

Munroe DK, Miiller D (2007) Issues in spatially explicit statistical land-use/cover change (LUCC)
models: examples from western Honduras and the Central Highlands of Vietnam. Land Use Policy
24:521-530. https://doi.org/10.1016/j.landusepol.2005.09.007

Article Google Scholar

Peterson LK, Bergen KM, Brown DG, Vashchuk L, Blam Y (2009) Forested land-cover patterns and
trends over changing forest management eras in the Siberian Baikal region. For Ecol Manag 257:911-922.
https://doi.org/10.1016/j.foreco.2008.10.037

Article Google Scholar


https://doi.org/10.1007/978-0-387-84858-7_14
https://doi.org/10.4236/ojf.2017.71003
https://doi.org/10.4236%2Fojf.2017.71003
http://scholar.google.com/scholar_lookup?&title=Swamp%20forest%20use%20and%20loss%20in%20the%20Niger%20Delta%3A%20contextual%20and%20underlying%20issues&journal=Open%20J%20For&doi=10.4236%2Fojf.2017.71003&volume=07&pages=34-47&publication_year=2017&author=Igu%2CNI
https://doi.org/10.1007/s10661-015-4671-7
https://doi.org/10.1007%2Fs10661-015-4671-7
http://scholar.google.com/scholar_lookup?&title=Drivers%20of%20land%20use%2Fland%20cover%20changes%20in%20Munessa-Shashemene%20landscape%20of%20the%20south-central%20highlands%20of%20Ethiopia&journal=Environ%20Monit%20Assess&doi=10.1007%2Fs10661-015-4671-7&publication_year=2015&author=Kindu%2CM&author=Schneider%2CT&author=Teketay%2CD&author=Knoke%2CT
https://doi.org/10.4172/2327-4581.1000170
https://doi.org/10.4172%2F2327-4581.1000170
http://scholar.google.com/scholar_lookup?&title=Comparison%20of%20spatial%20and%20conventional%20regression%20models%20in%20determination%20of%20trachoma%20prevalence%20and%20associated%20risk%20factors&journal=Geoinform%20Geostat%20Overv&doi=10.4172%2F2327-4581.1000170&publication_year=2017&author=Kirui%2CPK&author=Kenduiywo%2CBK&author=Waithaka%2CEH
https://doi.org/10.1080/13658816.2013.770517
https://doi.org/10.1080%2F13658816.2013.770517
http://scholar.google.com/scholar_lookup?&title=Evaluating%20drivers%20of%20land-use%20change%20and%20transition%20potential%20models%20in%20a%20complex%20landscape%20in%20Southern%20Mexico&journal=Int%20J%20Geogr%20Inf%20Sci&doi=10.1080%2F13658816.2013.770517&volume=27&pages=1804-1827&publication_year=2013&author=Kolb%2CM&author=Mas%2CJ-F&author=Galicia%2CL
https://doi.org/10.3354/meps321267
https://doi.org/10.3354%2Fmeps321267
http://scholar.google.com/scholar_lookup?&title=Variation%20in%20demersal%20fish%20species%20richness%20in%20the%20oceans%20surrounding%20New%20Zealand%3A%20an%20analysis%20using%20boosted%20regression%20trees&journal=Mar%20Ecol%20Prog%20Ser&doi=10.3354%2Fmeps321267&volume=321&pages=267-281&publication_year=2006&author=Leathwick%2CJ&author=Elith%2CJ&author=Francis%2CM&author=Hastie%2CT&author=Taylor%2CP
https://doi.org/10.3390/rs10071075
https://doi.org/10.3390%2Frs10071075
http://scholar.google.com/scholar_lookup?&title=Detecting%20vegetation%20change%20in%20response%20to%20confining%20elephants%20in%20forests%20using%20MODIS%20time-series%20and%20BFAST&journal=Remote%20Sens&doi=10.3390%2Frs10071075&volume=10&publication_year=2018&author=Morrison%2CJ&author=Higginbottom%2CT&author=Symeonakis%2CE&author=Jones%2CM&author=Omengo%2CF&author=Walker%2CS&author=Cain%2CB
https://doi.org/10.1016/j.agsy.2012.12.010
https://doi.org/10.1016%2Fj.agsy.2012.12.010
http://scholar.google.com/scholar_lookup?&title=Comparing%20the%20determinants%20of%20cropland%20abandonment%20in%20Albania%20and%20Romania%20using%20boosted%20regression%20trees&journal=Agric%20Syst&doi=10.1016%2Fj.agsy.2012.12.010&volume=117&pages=66-77&publication_year=2013&author=M%C3%BCller%2CD&author=Leit%C3%A3o%2CPJ&author=Sikor%2CT
https://doi.org/10.1016/j.landusepol.2005.09.007
https://doi.org/10.1016%2Fj.landusepol.2005.09.007
http://scholar.google.com/scholar_lookup?&title=Issues%20in%20spatially%20explicit%20statistical%20land-use%2Fcover%20change%20%28LUCC%29%20models%3A%20examples%20from%20western%20Honduras%20and%20the%20Central%20Highlands%20of%20Vietnam&journal=Land%20Use%20Policy&doi=10.1016%2Fj.landusepol.2005.09.007&volume=24&pages=521-530&publication_year=2007&author=Munroe%2CDK&author=M%C3%BCller%2CD
https://doi.org/10.1016/j.foreco.2008.10.037
https://doi.org/10.1016%2Fj.foreco.2008.10.037
http://scholar.google.com/scholar_lookup?&title=Forested%20land-cover%20patterns%20and%20trends%20over%20changing%20forest%20management%20eras%20in%20the%20Siberian%20Baikal%20region&journal=For%20Ecol%20Manag&doi=10.1016%2Fj.foreco.2008.10.037&volume=257&pages=911-922&publication_year=2009&author=Peterson%2CLK&author=Bergen%2CKM&author=Brown%2CDG&author=Vashchuk%2CL&author=Blam%2CY

25. Saefuddin A, Setiabudi NA, Fitrianto A (2012) On comparison between logistic regression and
geographically weighted logistic regression: with application to Indonesian poverty data. World Appl Sci J
19:205-210

Google Scholar

26. Sohl TL, Sleeter BM, Sayler KL, Bouchard MA, Reker RR, Bennett SL, Sleeter RR, Kanengieter RL, Zhu
Z (2012) Spatially explicit land-use and land-cover scenarios for the Great Plains of the United States. Agr
Ecosyst Environ 153:1-15. https://doi.org/10.1016/j.agee.2012.02.019

Article Google Scholar

27. Thorn A, Thompson J, Plisinski J (2016) Patterns and predictors of recent forest conversion in New
England. Land 5:30. https://doi.org/10.3390/1and5030030

Article Google Scholar

28. Tonkin JD, Shah DN, Kuemmerlen M, Li F, Cai Q, Haase P, Jadhnig SC (2015) Climatic and catchment-
scale predictors of chinese stream insect richness differ between taxonomic groups. PLoS ONE
10:0123250. https://doi.org/10.1371/journal.pone.0123250

Article Google Scholar

29. Turner BL, Lambin EF, Reenberg A (2007) The emergence of land change science for global
environmental change and sustainability. Proc Natl Acad Sci 104:20666-20671.
https://doi.org/10.1073/pnas.0704119104

Article Google Scholar

30. Verburg PH, Kok K, Pontius RG, Veldkamp A (2006) Modeling land-use and land-cover change. In:
Lambin EF, Geist H (eds) Land-use and land-cover change. Springer, Berlin, pp 117-135.
https://doi.org/10.1007/3-540-32202-7_5

Google Scholar

31. Were K, Dick OB, Singh BR (2014) Exploring the geophysical and socio-economic determinants of land
cover changes in Eastern Mau forest reserve and Lake Nakuru drainage basin, Kenya. GeoJournal 79:775—
790. https://doi.org/10.1007/s10708-014-9525-2

Article Google Scholar

32. Zhang W, Du Z, Zhang D, Yu S, Hao Y (2016) Boosted regression tree model-based assessment of the
impacts of meteorological drivers of hand, foot and mouth disease in Guangdong, China. Sci Total
Environ 553:366-371. https://doi.org/10.1016/j.scitotenv.2016.02.023

Article Google Scholar

Download references ¥

Acknowledgements

We acknowledge the Ministry of Environment and Forestry, Kenya for providing Landsat images and land cover
maps. We are grateful to two anonymous reviewers for valuable comments on the initial draft of the manuscript.


http://scholar.google.com/scholar_lookup?&title=On%20comparison%20between%20logistic%20regression%20and%20geographically%20weighted%20logistic%20regression%3A%20with%20application%20to%20Indonesian%20poverty%20data&journal=World%20Appl%20Sci%20J&volume=19&pages=205-210&publication_year=2012&author=Saefuddin%2CA&author=Setiabudi%2CNA&author=Fitrianto%2CA
https://doi.org/10.1016/j.agee.2012.02.019
https://doi.org/10.1016%2Fj.agee.2012.02.019
http://scholar.google.com/scholar_lookup?&title=Spatially%20explicit%20land-use%20and%20land-cover%20scenarios%20for%20the%20Great%20Plains%20of%20the%20United%20States&journal=Agr%20Ecosyst%20Environ&doi=10.1016%2Fj.agee.2012.02.019&volume=153&pages=1-15&publication_year=2012&author=Sohl%2CTL&author=Sleeter%2CBM&author=Sayler%2CKL&author=Bouchard%2CMA&author=Reker%2CRR&author=Bennett%2CSL&author=Sleeter%2CRR&author=Kanengieter%2CRL&author=Zhu%2CZ
https://doi.org/10.3390/land5030030
https://doi.org/10.3390%2Fland5030030
http://scholar.google.com/scholar_lookup?&title=Patterns%20and%20predictors%20of%20recent%20forest%20conversion%20in%20New%20England&journal=Land&doi=10.3390%2Fland5030030&volume=5&publication_year=2016&author=Thorn%2CA&author=Thompson%2CJ&author=Plisinski%2CJ
https://doi.org/10.1371/journal.pone.0123250
https://doi.org/10.1371%2Fjournal.pone.0123250
http://scholar.google.com/scholar_lookup?&title=Climatic%20and%20catchment-scale%20predictors%20of%20chinese%20stream%20insect%20richness%20differ%20between%20taxonomic%20groups&journal=PLoS%20ONE&doi=10.1371%2Fjournal.pone.0123250&volume=10&publication_year=2015&author=Tonkin%2CJD&author=Shah%2CDN&author=Kuemmerlen%2CM&author=Li%2CF&author=Cai%2CQ&author=Haase%2CP&author=J%C3%A4hnig%2CSC
https://doi.org/10.1073/pnas.0704119104
https://doi.org/10.1073%2Fpnas.0704119104
http://scholar.google.com/scholar_lookup?&title=The%20emergence%20of%20land%20change%20science%20for%20global%20environmental%20change%20and%20sustainability&journal=Proc%20Natl%20Acad%20Sci&doi=10.1073%2Fpnas.0704119104&volume=104&pages=20666-20671&publication_year=2007&author=Turner%2CBL&author=Lambin%2CEF&author=Reenberg%2CA
https://doi.org/10.1007/3-540-32202-7_5
http://scholar.google.com/scholar_lookup?&title=Land-use%20and%20land-cover%20change&pages=117-135&publication_year=2006&author=Verburg%2CPH&author=Kok%2CK&author=Pontius%2CRG&author=Veldkamp%2CA
https://doi.org/10.1007/s10708-014-9525-2
https://doi.org/10.1007%2Fs10708-014-9525-2
http://scholar.google.com/scholar_lookup?&title=Exploring%20the%20geophysical%20and%20socio-economic%20determinants%20of%20land%20cover%20changes%20in%20Eastern%20Mau%20forest%20reserve%20and%20Lake%20Nakuru%20drainage%20basin%2C%20Kenya&journal=GeoJournal&doi=10.1007%2Fs10708-014-9525-2&volume=79&pages=775-790&publication_year=2014&author=Were%2CK&author=Dick%2C%C3%98B&author=Singh%2CBR
https://doi.org/10.1016/j.scitotenv.2016.02.023
https://doi.org/10.1016%2Fj.scitotenv.2016.02.023
http://scholar.google.com/scholar_lookup?&title=Boosted%20regression%20tree%20model-based%20assessment%20of%20the%20impacts%20of%20meteorological%20drivers%20of%20hand%2C%20foot%20and%20mouth%20disease%20in%20Guangdong%2C%20China&journal=Sci%20Total%20Environ&doi=10.1016%2Fj.scitotenv.2016.02.023&volume=553&pages=366-371&publication_year=2016&author=Zhang%2CW&author=Du%2CZ&author=Zhang%2CD&author=Yu%2CS&author=Hao%2CY
https://link.springer.com/article/10.1007/s40808-020-00781-2-references.ris

Funding

This study was part of System for Land-based Emissions Estimation in Kenya (SLEEK) Project, funded by the
Australian Government in partnership with the Government of Kenya.

Author information

Affiliations

1. Department of Geomatic Engineering and Geospatial Information Systems (GEGIS), Jomo Kenyatta
University of Agriculture and Technology (JKUAT), P.O. Box 62000, Nairobi, 00200, Kenya

Nancy Mwangi, Hunja Waithaka & Felix Mutua

2. Institute of Geomatics, GIS and Remote Sensing (IGGReS), Dedan Kimathi University of Technology,
P.O. Box 657, Nyeri, 10100, Kenya

Charles Mundia
3. Department of Natural Resources, Karatina University, P.O. Box 1957, Karatina, Kenya
Mwangi Kinyanjui
Authors

1. Nancy Mwangi
View author publications

You can also search for this author in PubMed Google Scholar

2. Hunja Waithaka
View author publications

You can also search for this author in PubMed Google Scholar

3. Charles Mundia
View author publications

You can also search for this author in PubMed Google Scholar

4. Mwangi Kinyanjui
View author publications

You can also search for this author in PubMed Google Scholar

5. Felix Mutua
View author publications

You can also search for this author in PubMed Google Scholar

Contributions

NM contributed to formal analysis, methodology and writing of first draft. HW supervised, reviewed and edited
the manuscript. CM and JK contributed to conceptualization of project and supervision of research. FN


https://link.springer.com/search?dc.creator=%22Nancy+Mwangi%22
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&term=Nancy+Mwangi
http://scholar.google.co.uk/scholar?as_q=&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_sauthors=%22Nancy+Mwangi%22&as_publication=&as_ylo=&as_yhi=&as_allsubj=all&hl=en
https://link.springer.com/search?dc.creator=%22Hunja+Waithaka%22
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&term=Hunja+Waithaka
http://scholar.google.co.uk/scholar?as_q=&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_sauthors=%22Hunja+Waithaka%22&as_publication=&as_ylo=&as_yhi=&as_allsubj=all&hl=en
https://link.springer.com/search?dc.creator=%22Charles+Mundia%22
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&term=Charles+Mundia
http://scholar.google.co.uk/scholar?as_q=&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_sauthors=%22Charles+Mundia%22&as_publication=&as_ylo=&as_yhi=&as_allsubj=all&hl=en
https://link.springer.com/search?dc.creator=%22Mwangi+Kinyanjui%22
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&term=Mwangi+Kinyanjui
http://scholar.google.co.uk/scholar?as_q=&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_sauthors=%22Mwangi+Kinyanjui%22&as_publication=&as_ylo=&as_yhi=&as_allsubj=all&hl=en
https://link.springer.com/search?dc.creator=%22Felix+Mutua%22
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&term=Felix+Mutua
http://scholar.google.co.uk/scholar?as_q=&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_sauthors=%22Felix+Mutua%22&as_publication=&as_ylo=&as_yhi=&as_allsubj=all&hl=en

contributed to project administration and acquisition of funding. All authors commented on the manuscript.
Corresponding author

Correspondence to Nancy Mwangi.

Ethics declarations

Conflict of interest

All authors declare that they have no conflict of interest.

Additional information

Publisher's Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

Rights and permissions

Reprints and Permissions

About this article

®

Check for
updates

Cite this article

Mwangi, N., Waithaka, H., Mundia, C. et al. Assessment of drivers of forest changes using multi-temporal
analysis and boosted regression trees model: a case study of Nyeri County, Central Region of Kenya. Model.
Earth Syst. Environ. 6, 1657-1670 (2020). https://doi.org/10.1007/s40808-020-00781-2

Download citation ¥

e Received: 30 December 2019

Accepted: 10 April 2020

Published: 06 May 2020

Issue Date: September 2020

[
)
@)
=
=
=
e
-z
~
=
2.
o
9
3
I~
=
<
=
o
S
2
[~
2]
~
=
o0
S
3
S
\&]
g
=
S
2
o0
k.

1
to

Keywords


https://link.springer.com/article/10.1007/s40808-020-00781-2/email/correspondent/c1/new
https://s100.copyright.com/AppDispatchServlet?title=Assessment%20of%20drivers%20of%20forest%20changes%20using%20multi-temporal%20analysis%20and%20boosted%20regression%20trees%20model%3A%20a%20case%20study%20of%20Nyeri%20County%2C%20Central%20Region%20of%20Kenya&author=Nancy%20Mwangi%20et%20al&contentID=10.1007%2Fs40808-020-00781-2&publication=2363-6203&publicationDate=2020-05-06&publisherName=SpringerNature&orderBeanReset=true
https://crossmark.crossref.org/dialog/?doi=10.1007/s40808-020-00781-2
https://link.springer.com/article/10.1007/s40808-020-00781-2.ris
https://doi.org/10.1007/s40808-020-00781-2

Change analysis
Drivers of change
Relative influence
Spatial influence
Central Kenya

Access options

34,95 €

Price includes VAT for Kenya

Instant access to the full article PDF.

66,39 €

This is the net price. Taxes to be
calculated in checkout.

Immediate online access to all issues

from 2019. Subscription will auto renew
annually.

Rent this article via DeepDyve.

Learn more about Institutional
subscriptions

e Abstract

e References

e Acknowledgements

e Funding

¢ Author information

e Ethics declarations

e Additional information



https://www.deepdyve.com/lp/springer-journal/assessment-of-drivers-of-forest-changes-using-multi-temporal-analysis-rphOpZfk80?key=springer
https://www.springernature.com/gp/librarians/licensing/license-options?utm_source=springerlink&utm_medium=referral&utm_campaign=sl-buybox_articlePage_institutionalCustomer&abtest=v2

e Rights and permissions
e About this article

Advertisement
. Fig. 1
. Fig. 2
. Fig. 3
J Fig. 4
. Fig. 5
. Fig. 6
. Fig. 7
. Fig. 8
. Fig. 9

1. Adhikari S, Fik T, Dwivedi P (2017) Proximate causes of land-use and land-cover change in Bannerghatta
National Park: a spatial statistical model. Forests 8:342. https://doi.org/10.3390/f8090342

Article Google Scholar

2. Andam K8, Ferraro PJ, Pfaff A, Sanchez-Azofeifa GA, Robalino JA (2008) Measuring the effectiveness
of protected area networks in reducing deforestation. Proc Natl Acad Sci 105:16089—-16094.
https://doi.org/10.1073/pnas.0800437105



https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjss_l3BxgQhr2ZRg7dXhLQ7YstJtMSHC1qcmeNfI0gWsX_yFtx4Bj3T6Hb-WZE4vUhRK_H1f0Yjmao0vC16i-51V-hw8E-ORYOKGgufghkF_6NPFXJdjZX923MiizLImBjabGAL2Hta8NNi7DHUDRVdlXvL0w_4pp8RRqlIUg_ngJZkikHt5BbUqMM4HaQFa2irriFzAtBkhwq4rj1FM86O0vmVSxFCMrW1lRfWiRXd3Wr67rA5fSJeFE72vjT6BuzIDID4nxbV_7KeDyIuHEA&sai=AMfl-YRDzDFL4ZhpGRnBzX3mMT4cDILp0v-B4NEw1JS_yYffpmDLe9gAeJ9gPj5ZqaDJte_5pq-cktyZVYkXXWyyryHoeHPqMhkrmTDo-i4A-ssJT7iBGtISuBz0dr39FTVp34uS6Q&sig=Cg0ArKJSzGUkrFj8EfDo&adurl=https://masterclasses.nature.com/online-course-on-peer-review/16507836%3Futm_source%3Dspringer-nature-sites%26utm_medium%3Dbanner%26utm_campaign%3Dnmo-fpr-springer&nm=2
https://doi.org/10.3390/f8090342
https://doi.org/10.3390%2Ff8090342
http://scholar.google.com/scholar_lookup?&title=Proximate%20causes%20of%20land-use%20and%20land-cover%20change%20in%20Bannerghatta%20National%20Park%3A%20a%20spatial%20statistical%20model&journal=Forests&doi=10.3390%2Ff8090342&volume=8&publication_year=2017&author=Adhikari%2CS&author=Fik%2CT&author=Dwivedi%2CP
https://doi.org/10.1073/pnas.0800437105

10.

I1.

12.

13.

Article Google Scholar

. Baccini A, Goetz SJ, Walker WS, Laporte NT, Sun M, Sulla-Menashe D, Hackler J, Beck PSA, Dubayah

R, Friedl MA, Samanta S, Houghton RA (2012) Estimated carbon dioxide emissions from tropical
deforestation improved by carbon-density maps. Nat Climate Change 2:182—185.
https://doi.org/10.1038/nclimate 1354

Article Google Scholar

. Campbell DJ, Lusch DP, Smucker TA, Wangui EE (2005) Multiple methods in the study of driving forces

of land use and land cover change: a case study of SE Kajiado District, Kenya. Hum Ecol 33:763-794.
https://doi.org/10.1007/s10745-005-8210-y.

Article Google Scholar

. Chape S, Harrison J, Spalding M, Lysenko I (2005) Measuring the extent and effectiveness of protected

areas as an indicator for meeting global biodiversity targets. Philos Trans R Soc B 360:443-455.
https://doi.org/10.1098/rstb.2004.1592

Article Google Scholar

. Dunn JB, Mueller S, Kwon H, Wang MQ (2013) Land-use change and greenhouse gas emissions from

corn and cellulosic ethanol. Biotechnol Biofuels 6:51. https://doi.org/10.1186/1754-6834-6-51

Article Google Scholar

. Elith J, Leathwick JR, Hastie T (2008) A working guide to boosted regression trees. J Anim Ecol 77:802—

813. https://doi.org/10.1111/j.1365-2656.2008.01390.x

Article Google Scholar

. Foley JA (2005) Global consequences of land use. Science 309:570-574.

https://doi.org/10.1126/science.1111772

Article Google Scholar

. Friedman JH, Meulman JJ (2003) Multiple additive regression trees with application in epidemiology. Stat

Med 22:1365-1381. https://doi.org/10.1002/sim.1501

Article Google Scholar

Gia Pham T, Kappas M, Van Huynh C, Hoang Khanh Nguyen L (2019) Application of ordinary kriging
and regression kriging method for soil properties mapping in hilly region of central Vietnam. 1JGI 8:147.
https://doi.org/10.3390/1j218030147

Article Google Scholar

Government of Kenya (2010) Analysis of drivers of deforestation and forest degradation in Kenya

Government of Kenya (2014) Forest policy, 2014. Ministry of Environment, Water and Natural Resources
Forest

Government of Kenya (2018) Taskforce report on forest resources management and logging activities in
Kenya. Ministry of Environment and Forestry


https://doi.org/10.1073%2Fpnas.0800437105
http://scholar.google.com/scholar_lookup?&title=Measuring%20the%20effectiveness%20of%20protected%20area%20networks%20in%20reducing%20deforestation&journal=Proc%20Natl%20Acad%20Sci&doi=10.1073%2Fpnas.0800437105&volume=105&pages=16089-16094&publication_year=2008&author=Andam%2CKS&author=Ferraro%2CPJ&author=Pfaff%2CA&author=Sanchez-Azofeifa%2CGA&author=Robalino%2CJA
https://doi.org/10.1038/nclimate1354
https://doi.org/10.1038%2Fnclimate1354
http://scholar.google.com/scholar_lookup?&title=Estimated%20carbon%20dioxide%20emissions%20from%20tropical%20deforestation%20improved%20by%20carbon-density%20maps&journal=Nat%20Climate%20Change&doi=10.1038%2Fnclimate1354&volume=2&pages=182-185&publication_year=2012&author=Baccini%2CA&author=Goetz%2CSJ&author=Walker%2CWS&author=Laporte%2CNT&author=Sun%2CM&author=Sulla-Menashe%2CD&author=Hackler%2CJ&author=Beck%2CPSA&author=Dubayah%2CR&author=Friedl%2CMA&author=Samanta%2CS&author=Houghton%2CRA
https://doi.org/10.1007/s10745-005-8210-y
https://doi.org/10.1007%2Fs10745-005-8210-y
http://scholar.google.com/scholar_lookup?&title=Multiple%20methods%20in%20the%20study%20of%20driving%20forces%20of%20land%20use%20and%20land%20cover%20change%3A%20a%20case%20study%20of%20SE%20Kajiado%20District%2C%20Kenya&journal=Hum%20Ecol&doi=10.1007%2Fs10745-005-8210-y&volume=33&pages=763-794&publication_year=2005&author=Campbell%2CDJ&author=Lusch%2CDP&author=Smucker%2CTA&author=Wangui%2CEE
https://doi.org/10.1098/rstb.2004.1592
https://doi.org/10.1098%2Frstb.2004.1592
http://scholar.google.com/scholar_lookup?&title=Measuring%20the%20extent%20and%20effectiveness%20of%20protected%20areas%20as%20an%20indicator%20for%20meeting%20global%20biodiversity%20targets&journal=Philos%20Trans%20R%20Soc%20B&doi=10.1098%2Frstb.2004.1592&volume=360&pages=443-455&publication_year=2005&author=Chape%2CS&author=Harrison%2CJ&author=Spalding%2CM&author=Lysenko%2CI
https://doi.org/10.1186/1754-6834-6-51
https://doi.org/10.1186%2F1754-6834-6-51
http://scholar.google.com/scholar_lookup?&title=Land-use%20change%20and%20greenhouse%20gas%20emissions%20from%20corn%20and%20cellulosic%20ethanol&journal=Biotechnol%20Biofuels&doi=10.1186%2F1754-6834-6-51&volume=6&publication_year=2013&author=Dunn%2CJB&author=Mueller%2CS&author=Kwon%2CH&author=Wang%2CMQ
https://doi.org/10.1111/j.1365-2656.2008.01390.x
https://doi.org/10.1111%2Fj.1365-2656.2008.01390.x
http://scholar.google.com/scholar_lookup?&title=A%20working%20guide%20to%20boosted%20regression%20trees&journal=J%20Anim%20Ecol&doi=10.1111%2Fj.1365-2656.2008.01390.x&volume=77&pages=802-813&publication_year=2008&author=Elith%2CJ&author=Leathwick%2CJR&author=Hastie%2CT
https://doi.org/10.1126/science.1111772
https://doi.org/10.1126%2Fscience.1111772
http://scholar.google.com/scholar_lookup?&title=Global%20consequences%20of%20land%20use&journal=Science&doi=10.1126%2Fscience.1111772&volume=309&pages=570-574&publication_year=2005&author=Foley%2CJA
https://doi.org/10.1002/sim.1501
https://doi.org/10.1002%2Fsim.1501
http://scholar.google.com/scholar_lookup?&title=Multiple%20additive%20regression%20trees%20with%20application%20in%20epidemiology&journal=Stat%20Med&doi=10.1002%2Fsim.1501&volume=22&pages=1365-1381&publication_year=2003&author=Friedman%2CJH&author=Meulman%2CJJ
https://doi.org/10.3390/ijgi8030147
https://doi.org/10.3390%2Fijgi8030147
http://scholar.google.com/scholar_lookup?&title=Application%20of%20ordinary%20kriging%20and%20regression%20kriging%20method%20for%20soil%20properties%20mapping%20in%20hilly%20region%20of%20central%20Vietnam&journal=IJGI&doi=10.3390%2Fijgi8030147&volume=8&publication_year=2019&author=Gia%20Pham%2CT&author=Kappas%2CM&author=Huynh%2CC&author=Hoang%20Khanh%20Nguyen%2CL

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Gu H, Wang J, Ma L, Shang Z, Zhang Q (2019) Insights into the BRT (boosted regression trees) method
in the study of the climate-growth relationship of Masson pine in subtropical China. Forests 10:228.
https://doi.org/10.3390/f10030228

Article Google Scholar

Hastie T, Tibshirani R, Friedman J (2009) Unsupervised learning. In: The elements of statistical learning.
Springer, New York, pp 485-585. https://doi.org/10.1007/978-0-387-84858-7 14

Igu NI (2017) Swamp forest use and loss in the Niger Delta: contextual and underlying issues. Open J For
07:34-47. https://doi.org/10.4236/0j£.2017.71003

Article Google Scholar

Kindu M, Schneider T, Teketay D, Knoke T (2015) Drivers of land use/land cover changes in Munessa-
Shashemene landscape of the south-central highlands of Ethiopia. Environ Monit Assess.
https://doi.org/10.1007/s10661-015-4671-7

Article Google Scholar

Kirui PK, Kenduiywo BK, Waithaka EH (2017) Comparison of spatial and conventional regression
models in determination of trachoma prevalence and associated risk factors. Geoinform Geostat Overv.
https://doi.org/10.4172/2327-4581.1000170

Article Google Scholar

Kolb M, Mas J-F, Galicia L (2013) Evaluating drivers of land-use change and transition potential models
in a complex landscape in Southern Mexico. Int J Geogr Inf Sci 27:1804—-1827.
https://doi.org/10.1080/13658816.2013.770517

Article Google Scholar

Leathwick J, Elith J, Francis M, Hastie T, Taylor P (2006) Variation in demersal fish species richness in
the oceans surrounding New Zealand: an analysis using boosted regression trees. Mar Ecol Prog Ser
321:267-281. https://doi.org/10.3354/meps321267

Article Google Scholar

Morrison J, Higginbottom T, Symeonakis E, Jones M, Omengo F, Walker S, Cain B (2018) Detecting
vegetation change in response to confining elephants in forests using MODIS time-series and BFAST.
Remote Sens 10:1075. https://doi.org/10.3390/rs10071075

Article Google Scholar

Miiller D, Leitao PJ, Sikor T (2013) Comparing the determinants of cropland abandonment in Albania and
Romania using boosted regression trees. Agric Syst 117:66—77. https://doi.org/10.1016/j.agsy.2012.12.010

Article Google Scholar

Munroe DK, Miiller D (2007) Issues in spatially explicit statistical land-use/cover change (LUCC)
models: examples from western Honduras and the Central Highlands of Vietnam. Land Use Policy
24:521-530. https://doi.org/10.1016/j.landusepol.2005.09.007

Article Google Scholar


https://doi.org/10.3390/f10030228
https://doi.org/10.3390%2Ff10030228
http://scholar.google.com/scholar_lookup?&title=Insights%20into%20the%20BRT%20%28boosted%20regression%20trees%29%20method%20in%20the%20study%20of%20the%20climate-growth%20relationship%20of%20Masson%20pine%20in%20subtropical%20China&journal=Forests&doi=10.3390%2Ff10030228&volume=10&publication_year=2019&author=Gu%2CH&author=Wang%2CJ&author=Ma%2CL&author=Shang%2CZ&author=Zhang%2CQ
https://doi.org/10.1007/978-0-387-84858-7_14
https://doi.org/10.4236/ojf.2017.71003
https://doi.org/10.4236%2Fojf.2017.71003
http://scholar.google.com/scholar_lookup?&title=Swamp%20forest%20use%20and%20loss%20in%20the%20Niger%20Delta%3A%20contextual%20and%20underlying%20issues&journal=Open%20J%20For&doi=10.4236%2Fojf.2017.71003&volume=07&pages=34-47&publication_year=2017&author=Igu%2CNI
https://doi.org/10.1007/s10661-015-4671-7
https://doi.org/10.1007%2Fs10661-015-4671-7
http://scholar.google.com/scholar_lookup?&title=Drivers%20of%20land%20use%2Fland%20cover%20changes%20in%20Munessa-Shashemene%20landscape%20of%20the%20south-central%20highlands%20of%20Ethiopia&journal=Environ%20Monit%20Assess&doi=10.1007%2Fs10661-015-4671-7&publication_year=2015&author=Kindu%2CM&author=Schneider%2CT&author=Teketay%2CD&author=Knoke%2CT
https://doi.org/10.4172/2327-4581.1000170
https://doi.org/10.4172%2F2327-4581.1000170
http://scholar.google.com/scholar_lookup?&title=Comparison%20of%20spatial%20and%20conventional%20regression%20models%20in%20determination%20of%20trachoma%20prevalence%20and%20associated%20risk%20factors&journal=Geoinform%20Geostat%20Overv&doi=10.4172%2F2327-4581.1000170&publication_year=2017&author=Kirui%2CPK&author=Kenduiywo%2CBK&author=Waithaka%2CEH
https://doi.org/10.1080/13658816.2013.770517
https://doi.org/10.1080%2F13658816.2013.770517
http://scholar.google.com/scholar_lookup?&title=Evaluating%20drivers%20of%20land-use%20change%20and%20transition%20potential%20models%20in%20a%20complex%20landscape%20in%20Southern%20Mexico&journal=Int%20J%20Geogr%20Inf%20Sci&doi=10.1080%2F13658816.2013.770517&volume=27&pages=1804-1827&publication_year=2013&author=Kolb%2CM&author=Mas%2CJ-F&author=Galicia%2CL
https://doi.org/10.3354/meps321267
https://doi.org/10.3354%2Fmeps321267
http://scholar.google.com/scholar_lookup?&title=Variation%20in%20demersal%20fish%20species%20richness%20in%20the%20oceans%20surrounding%20New%20Zealand%3A%20an%20analysis%20using%20boosted%20regression%20trees&journal=Mar%20Ecol%20Prog%20Ser&doi=10.3354%2Fmeps321267&volume=321&pages=267-281&publication_year=2006&author=Leathwick%2CJ&author=Elith%2CJ&author=Francis%2CM&author=Hastie%2CT&author=Taylor%2CP
https://doi.org/10.3390/rs10071075
https://doi.org/10.3390%2Frs10071075
http://scholar.google.com/scholar_lookup?&title=Detecting%20vegetation%20change%20in%20response%20to%20confining%20elephants%20in%20forests%20using%20MODIS%20time-series%20and%20BFAST&journal=Remote%20Sens&doi=10.3390%2Frs10071075&volume=10&publication_year=2018&author=Morrison%2CJ&author=Higginbottom%2CT&author=Symeonakis%2CE&author=Jones%2CM&author=Omengo%2CF&author=Walker%2CS&author=Cain%2CB
https://doi.org/10.1016/j.agsy.2012.12.010
https://doi.org/10.1016%2Fj.agsy.2012.12.010
http://scholar.google.com/scholar_lookup?&title=Comparing%20the%20determinants%20of%20cropland%20abandonment%20in%20Albania%20and%20Romania%20using%20boosted%20regression%20trees&journal=Agric%20Syst&doi=10.1016%2Fj.agsy.2012.12.010&volume=117&pages=66-77&publication_year=2013&author=M%C3%BCller%2CD&author=Leit%C3%A3o%2CPJ&author=Sikor%2CT
https://doi.org/10.1016/j.landusepol.2005.09.007
https://doi.org/10.1016%2Fj.landusepol.2005.09.007
http://scholar.google.com/scholar_lookup?&title=Issues%20in%20spatially%20explicit%20statistical%20land-use%2Fcover%20change%20%28LUCC%29%20models%3A%20examples%20from%20western%20Honduras%20and%20the%20Central%20Highlands%20of%20Vietnam&journal=Land%20Use%20Policy&doi=10.1016%2Fj.landusepol.2005.09.007&volume=24&pages=521-530&publication_year=2007&author=Munroe%2CDK&author=M%C3%BCller%2CD

24.

25.

26.

27.

28.

29.

30.

31.

32.

Peterson LK, Bergen KM, Brown DG, Vashchuk L, Blam Y (2009) Forested land-cover patterns and
trends over changing forest management eras in the Siberian Baikal region. For Ecol Manag 257:911-922.
https://doi.org/10.1016/j.foreco.2008.10.037

Article Google Scholar

Saefuddin A, Setiabudi NA, Fitrianto A (2012) On comparison between logistic regression and
geographically weighted logistic regression: with application to Indonesian poverty data. World Appl Sci J
19:205-210

Google Scholar

Sohl TL, Sleeter BM, Sayler KL, Bouchard MA, Reker RR, Bennett SL, Sleeter RR, Kanengieter RL, Zhu
Z (2012) Spatially explicit land-use and land-cover scenarios for the Great Plains of the United States. Agr
Ecosyst Environ 153:1-15. https://doi.org/10.1016/j.agee.2012.02.019

Article Google Scholar

Thorn A, Thompson J, Plisinski J (2016) Patterns and predictors of recent forest conversion in New
England. Land 5:30. https://doi.org/10.3390/1and5030030

Article Google Scholar

Tonkin JD, Shah DN, Kuemmerlen M, Li F, Cai Q, Haase P, Jahnig SC (2015) Climatic and catchment-
scale predictors of chinese stream insect richness differ between taxonomic groups. PLoS ONE
10:0123250. https://doi.org/10.1371/journal.pone.0123250

Article Google Scholar

Turner BL, Lambin EF, Reenberg A (2007) The emergence of land change science for global
environmental change and sustainability. Proc Natl Acad Sci 104:20666-20671.
https://doi.org/10.1073/pnas.0704119104

Article Google Scholar

Verburg PH, Kok K, Pontius RG, Veldkamp A (2006) Modeling land-use and land-cover change. In:
Lambin EF, Geist H (eds) Land-use and land-cover change. Springer, Berlin, pp 117-135.
https://doi.org/10.1007/3-540-32202-7_5

Google Scholar

Were K, Dick @B, Singh BR (2014) Exploring the geophysical and socio-economic determinants of land
cover changes in Eastern Mau forest reserve and Lake Nakuru drainage basin, Kenya. GeoJournal 79:775—
790. https://doi.org/10.1007/s10708-014-9525-2

Article Google Scholar

Zhang W, Du Z, Zhang D, Yu S, Hao Y (2016) Boosted regression tree model-based assessment of the
impacts of meteorological drivers of hand, foot and mouth disease in Guangdong, China. Sci Total
Environ 553:366-371. https://doi.org/10.1016/j.scitotenv.2016.02.023

Article Google Scholar

Over 10 million scientific documents at your fingertips

Switch Edition


https://doi.org/10.1016/j.foreco.2008.10.037
https://doi.org/10.1016%2Fj.foreco.2008.10.037
http://scholar.google.com/scholar_lookup?&title=Forested%20land-cover%20patterns%20and%20trends%20over%20changing%20forest%20management%20eras%20in%20the%20Siberian%20Baikal%20region&journal=For%20Ecol%20Manag&doi=10.1016%2Fj.foreco.2008.10.037&volume=257&pages=911-922&publication_year=2009&author=Peterson%2CLK&author=Bergen%2CKM&author=Brown%2CDG&author=Vashchuk%2CL&author=Blam%2CY
http://scholar.google.com/scholar_lookup?&title=On%20comparison%20between%20logistic%20regression%20and%20geographically%20weighted%20logistic%20regression%3A%20with%20application%20to%20Indonesian%20poverty%20data&journal=World%20Appl%20Sci%20J&volume=19&pages=205-210&publication_year=2012&author=Saefuddin%2CA&author=Setiabudi%2CNA&author=Fitrianto%2CA
https://doi.org/10.1016/j.agee.2012.02.019
https://doi.org/10.1016%2Fj.agee.2012.02.019
http://scholar.google.com/scholar_lookup?&title=Spatially%20explicit%20land-use%20and%20land-cover%20scenarios%20for%20the%20Great%20Plains%20of%20the%20United%20States&journal=Agr%20Ecosyst%20Environ&doi=10.1016%2Fj.agee.2012.02.019&volume=153&pages=1-15&publication_year=2012&author=Sohl%2CTL&author=Sleeter%2CBM&author=Sayler%2CKL&author=Bouchard%2CMA&author=Reker%2CRR&author=Bennett%2CSL&author=Sleeter%2CRR&author=Kanengieter%2CRL&author=Zhu%2CZ
https://doi.org/10.3390/land5030030
https://doi.org/10.3390%2Fland5030030
http://scholar.google.com/scholar_lookup?&title=Patterns%20and%20predictors%20of%20recent%20forest%20conversion%20in%20New%20England&journal=Land&doi=10.3390%2Fland5030030&volume=5&publication_year=2016&author=Thorn%2CA&author=Thompson%2CJ&author=Plisinski%2CJ
https://doi.org/10.1371/journal.pone.0123250
https://doi.org/10.1371%2Fjournal.pone.0123250
http://scholar.google.com/scholar_lookup?&title=Climatic%20and%20catchment-scale%20predictors%20of%20chinese%20stream%20insect%20richness%20differ%20between%20taxonomic%20groups&journal=PLoS%20ONE&doi=10.1371%2Fjournal.pone.0123250&volume=10&publication_year=2015&author=Tonkin%2CJD&author=Shah%2CDN&author=Kuemmerlen%2CM&author=Li%2CF&author=Cai%2CQ&author=Haase%2CP&author=J%C3%A4hnig%2CSC
https://doi.org/10.1073/pnas.0704119104
https://doi.org/10.1073%2Fpnas.0704119104
http://scholar.google.com/scholar_lookup?&title=The%20emergence%20of%20land%20change%20science%20for%20global%20environmental%20change%20and%20sustainability&journal=Proc%20Natl%20Acad%20Sci&doi=10.1073%2Fpnas.0704119104&volume=104&pages=20666-20671&publication_year=2007&author=Turner%2CBL&author=Lambin%2CEF&author=Reenberg%2CA
https://doi.org/10.1007/3-540-32202-7_5
http://scholar.google.com/scholar_lookup?&title=Land-use%20and%20land-cover%20change&pages=117-135&publication_year=2006&author=Verburg%2CPH&author=Kok%2CK&author=Pontius%2CRG&author=Veldkamp%2CA
https://doi.org/10.1007/s10708-014-9525-2
https://doi.org/10.1007%2Fs10708-014-9525-2
http://scholar.google.com/scholar_lookup?&title=Exploring%20the%20geophysical%20and%20socio-economic%20determinants%20of%20land%20cover%20changes%20in%20Eastern%20Mau%20forest%20reserve%20and%20Lake%20Nakuru%20drainage%20basin%2C%20Kenya&journal=GeoJournal&doi=10.1007%2Fs10708-014-9525-2&volume=79&pages=775-790&publication_year=2014&author=Were%2CK&author=Dick%2C%C3%98B&author=Singh%2CBR
https://doi.org/10.1016/j.scitotenv.2016.02.023
https://doi.org/10.1016%2Fj.scitotenv.2016.02.023
http://scholar.google.com/scholar_lookup?&title=Boosted%20regression%20tree%20model-based%20assessment%20of%20the%20impacts%20of%20meteorological%20drivers%20of%20hand%2C%20foot%20and%20mouth%20disease%20in%20Guangdong%2C%20China&journal=Sci%20Total%20Environ&doi=10.1016%2Fj.scitotenv.2016.02.023&volume=553&pages=366-371&publication_year=2016&author=Zhang%2CW&author=Du%2CZ&author=Zhang%2CD&author=Yu%2CS&author=Hao%2CY

e Academic Edition
Corporate Edition

Home

Impressum

Legal information

Privacy statement

California Privacy Statement

How we use cookies

Manage cookies/Do not sell my data
Accessibility

Contact us

Not logged in - 41.89.227.170
INASP - Kenya (2000510122) - Dedan Kimathi University (3000210904)
Springer Nature SPRINGER NATURE

© 2020 Springer Nature Switzerland AG. Part of Springer Nature.

Nancy Mwangi

e Department of Geomatic Engineering and Geospatial Information Systems (GEGIS), Jomo Kenyatta
University of Agriculture and Technology (JKUAT), P.O. Box 62000, Nairobi, 00200, Kenya
¢ Contact Nancy Mwangi

View author publications

You can also search for this author in PubMed Google Scholar

Hunja Waithaka

e Department of Geomatic Engineering and Geospatial Information Systems (GEGIS), Jomo Kenyatta
University of Agriculture and Technology (JKUAT), P.O. Box 62000, Nairobi, 00200, Kenya

View author publications

You can also search for this author in PubMed Google Scholar

Charles Mundia



https://link.springer.com/siteEdition/link
https://link.springer.com/siteEdition/rd
https://link.springer.com/
https://link.springer.com/impressum
https://link.springer.com/termsandconditions
https://link.springer.com/privacystatement
https://www.springernature.com/ccpa
https://link.springer.com/cookiepolicy
javascript:void(0);
https://link.springer.com/accessibility
https://link.springer.com/contactus
https://www.springernature.com/
https://www.springernature.com/
https://link.springer.com/article/10.1007/s40808-020-00781-2/email/correspondent/c1/new
https://link.springer.com/search?dc.creator=%22Nancy+Mwangi%22
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&term=Nancy+Mwangi
http://scholar.google.co.uk/scholar?as_q=&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_sauthors=%22Nancy+Mwangi%22&as_publication=&as_ylo=&as_yhi=&as_allsubj=all&hl=en
https://link.springer.com/search?dc.creator=%22Hunja+Waithaka%22
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&term=Hunja+Waithaka
http://scholar.google.co.uk/scholar?as_q=&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_sauthors=%22Hunja+Waithaka%22&as_publication=&as_ylo=&as_yhi=&as_allsubj=all&hl=en

¢ Institute of Geomatics, GIS and Remote Sensing (IGGReS), Dedan Kimathi University of Technology,
P.O. Box 657, Nyeri, 10100, Kenya

View author publications

You can also search for this author in PubMed Google Scholar
Mwangi Kinyanjui

e Department of Natural Resources, Karatina University, P.O. Box 1957, Karatina, Kenya

View author publications

You can also search for this author in PubMed Google Scholar

Felix Mutua

e Department of Geomatic Engineering and Geospatial Information Systems (GEGIS), Jomo Kenyatta
University of Agriculture and Technology (JKUAT), P.O. Box 62000, Nairobi, 00200, Kenya

View author publications

You can also search for this author in PubMed Google Scholar



https://link.springer.com/search?dc.creator=%22Charles+Mundia%22
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&term=Charles+Mundia
http://scholar.google.co.uk/scholar?as_q=&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_sauthors=%22Charles+Mundia%22&as_publication=&as_ylo=&as_yhi=&as_allsubj=all&hl=en
https://link.springer.com/search?dc.creator=%22Mwangi+Kinyanjui%22
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&term=Mwangi+Kinyanjui
http://scholar.google.co.uk/scholar?as_q=&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_sauthors=%22Mwangi+Kinyanjui%22&as_publication=&as_ylo=&as_yhi=&as_allsubj=all&hl=en
https://link.springer.com/search?dc.creator=%22Felix+Mutua%22
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&term=Felix+Mutua
http://scholar.google.co.uk/scholar?as_q=&num=10&btnG=Search+Scholar&as_epq=&as_oq=&as_eq=&as_occt=any&as_sauthors=%22Felix+Mutua%22&as_publication=&as_ylo=&as_yhi=&as_allsubj=all&hl=en

