
IQWHUaFWLYH MaSSLQJ aQG GHRVSaWLaO AQaO\VLV ZLWK LHaIPaS aQG 
JXS\WHU 

 

 

QiXVheng WX 
 DepaUWmenW of GeogUaph\ 

UniYeUViW\ of TenneVVee 
Kno[Yille, TN, USA 

 qZX18@XWk.edX 

 

 

ABSTRACT 
Leafmap iV a P\Whon package foU inWeUacWiYe mapping and 
geoVpaWial anal\ViV ZiWh minimal coding in a JXp\WeU enYiUonmenW. 
IW iV bXilW Xpon VeYeUal open-VoXUce packageV, VXch aV ip\leafleW 
and kepleU.gl (foU cUeaWing inWeUacWiYe mapV), WhiWebo[ToolV (foU 
anal\]ing geoVpaWial daWa), and ip\ZidgeWV (foU deVigning 
inWeUacWiYe gUaphical XVeU inWeUface). Leafmap pUoYideV man\ 
conYenienW fXncWionV foU loading and YiVXali]ing geoVpaWial daWa 
ZiWh onl\ one line of code. UVeUV can alVo XVe Whe inWeUacWiYe XVeU 
inWeUface Wo load geoVpaWial daWa ZiWhoXW coding. An\one ZiWh a 
Zeb bUoZVeU and InWeUneW connecWion can XVe leafmap Wo peUfoUm 
geoVpaWial anal\ViV and daWa YiVXali]aWion in Whe cloXd ZiWh 
minimal coding. ThiV ZoUkVhop Zill inWUodXce Whe ke\ feaWXUeV of 
leafmap foU inWeUacWiYe mapping and geoVpaWial anal\ViV in a 
JXp\WeU enYiUonmenW. AWWendeeV Zill leaUn hoZ Wo leYeUage open-
VoXUce P\Whon packageV and fUee cloXd compXWing plaWfoUmV foU 
geoVpaWial anal\ViV and daWa YiVXali]aWion. 
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SofWZaUe libUaUieV and UepoViWoUieV 
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1 INTRODUCTION 
Leafmap iV a P\Whon package foU inWeUacWiYe mapping and 

geoVpaWial anal\ViV ZiWh minimal coding in a JXp\WeU enYiUonmenW 
(WX, 2021). IW iV a Vpin-off pUojecW of Whe geemap P\Whon package 
(WX, 2020), Zhich ZaV deVigned Vpecificall\ Wo ZoUk ZiWh Google 
EaUWh Engine (GEE) (GoUelick eW al., 2017). HoZeYeU, noW 
eYeU\one in Whe geoVpaWial commXniW\ haV acceVV Wo Whe GEE 
cloXd compXWing plaWfoUm. Leafmap iV deVigned Wo fill WhiV gap foU 
non-GEE XVeUV. IW iV a fUee and open-VoXUce P\Whon package WhaW 
enableV XVeUV Wo anal\]e and YiVXali]e geoVpaWial daWa ZiWh 
minimal coding in a JXp\WeU enYiUonmenW, VXch aV Google Colab, 
JXp\WeU NoWebook, and JXp\WeULab. Leafmap iV bXilW Xpon VeYeUal 
open-VoXUce packageV, VXch aV foliXm (Filipe eW al., 2021) and 
ip\leafleW (RenoX eW al., 2021) (foU cUeaWing inWeUacWiYe mapV), 
WhiWebo[ToolV (LindVa\, 2018) and ZhiWebo[gXi (foU anal\]ing 
geoVpaWial daWa), and ip\ZidgeWV (GUoXW & eW al., 2021) (foU 
deVigning inWeUacWiYe gUaphical XVeU inWeUface). Leafmap haV a 
WoolVeW ZiWh YaUioXV inWeUacWiYe WoolV WhaW alloZ XVeUV Wo load 
YecWoU and UaVWeU daWa onWo Whe map ZiWhoXW coding (Vee FigXUe 1). 
In addiWion, XVeUV can XVe Whe poZeUfXl anal\Wical backend (i.e., 
WhiWebo[ToolV) Wo peUfoUm geoVpaWial anal\ViV diUecWl\ ZiWhin Whe 
leafmap XVeU inWeUface ZiWhoXW ZUiWing a Vingle line of code. The 
WhiWebo[ToolV libUaU\ cXUUenWl\ conWainV 460+ WoolV foU adYanced 
geoVpaWial anal\ViV (Vee FigXUe 2), VXch aV GIS Anal\ViV, 
GeomoUphomeWUic Anal\ViV, H\dUological Anal\ViV, LiDAR DaWa 
Anal\ViV, MaWhemaWical and SWaWiVWical Anal\ViV, and SWUeam 
NeWZoUk Anal\ViV.  
 

 

FLJXUH 1: TKH OHaIPaS XVHU LQWHUIaFH bXLOW XSRQ LS\OHaIOHW aQG 
LS\ZLGJHWV. 
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IW VhoXld be noWed WhaW leafmap iV YeU\ diffeUenW fUom deVkWop GIS 
VofWZaUe packageV (e.g., QGIS, AUcGIS), Zhich UeqXiUe a decenW 
compXWeU foU Whe inVWallaWion of a laUge pUogUam. AlWhoXgh QGIS 
can be XVed acUoVV plaWfoUmV (e.g., WindoZV, LinX[, Mac), 
AUcGIS DeVkWop iV onl\ aYailable on WindoZV. AUcGIS Online 
can be XVed acUoVV plaWfoUmV, bXW iW iV a pUopUieWaU\ pUodXcW and 
UeqXiUeV a paid accoXnW foU acceVVing iWV Zeb VeUYiceV. In conWUaVW, 
leafmap iV a lighWZeighW open-VoXUce P\Whon package WhaW can be 
XVed acUoVV plaWfoUmV. IW can alVo be XVed in Whe cloXd (e.g., 
Colab, JXp\WeUHXb) ZiWhoXW inVWalling an\Whing on a local 
compXWeU. UVeUV jXVW need a Zeb bUoZVeU Wo geW VWaUWed, UeqXiUing 
minimal haUdZaUe configXUaWion. Leafmap makeV geoVpaWial 
WechnologieV and cloXd compXWing moUe acceVVible Wo Whe 
VcienWific commXniW\.   

 

FLJXUH 2: TKH WKLWHbR[TRROV JUaSKLFaO XVHU LQWHUIaFH 
LQWHJUaWHG LQWR OHaIPaS. 

2 PREREQUISITES 
The aWWendeeV aUe e[pecWed Wo haYe a baVic XndeUVWanding of 
P\Whon and Whe JXp\WeU ecoV\VWem. FamiliaUiW\ ZiWh EaUWh Vcience 
and geoVpaWial daWaVeWV iV XVefXl bXW noW UeqXiUed. MoUe 
infoUmaWion aboXW leafmap can be foXnd aW hWWpV://leafmap.oUg. 

3 TUTORIAL PLAN 

The WopicV WhaW Zill be coYeUed in WhiV WXWoUial inclXde: (1) a bUief 
inWUodXcWion Wo leafmap and UeleYanW Zeb UeVoXUceV; (2) cUeaWing 
inWeUacWiYe mapV XVing mXlWiple ploWWing backendV (e.g., foliXm, 
ip\leafleW, heUemap, kepleU.gl); (3) changing baVemapV; (4) 
loading and YiVXali]ing YecWoU/UaVWeU daWa; (4) XVing CloXd 
OpWimi]ed GeoTIFF (COG) and SpaWialTempoUal AVVeW CaWalog 
(STAC); (5) doZnloading OpenSWUeeWMap daWa; (7) cUeaWing 
cXVWom legendV and coloUbaUV; (8) cUeaWing VpliW-panel mapV and 
linked mapV; (9) peUfoUming geoVpaWial anal\ViV (e.g., h\dUological 
anal\ViV) XVing WhiWebo[ToolV; (10) diVcXVVion and Q&A. Each 
Wopic WakeV aboXW WhUee minXWeV, ZiWh a WoWal of 30 minXWeV. The 
maWeUialV Zill be made aYailable on GiWHXb. AWWendeeV Zill be 
able Wo folloZ Whe WXWoUial XVing Google Colab oU BindeU ZiWhoXW 
inVWalling an\Whing on WheiU compXWeU. 

4 EXPECTED LEARNING OUTCOMES 

Upon compleWion of WhiV WXWoUial, aWWendeeV Zill be able Wo: 

x Use Jupyter Notebook and JupyterLab on mybinder.org 
for geospatial analysis in the cloud. 

x Use leafmap to create interactive maps with multiple 
plotting backends. 

x Load various XYZ/WMS basemaps interactively or 
programmatically. 

x Add vector (e.g., Shapefile, GeoJSON) and raster (e.g., 
GeoTIFF) datasets to the map. 

x Design custom legends and colorbars. 
x Create split-panel maps and linked maps for visualizing 

multiple geospatial datasets. 
x Perform geospatial analysis using WhiteboxTools. 

REFERENCES 
[1] Filipe, JoXUnoiV, M., FUank, SWoU\, R., GaUdineU, J., RXmp, H., BiUd, A., Lima, 

A., Cano, J., dbf, Leonel, J., BakeU, J., SampVon, T., ReadeV, J., WelVh, B., 
Kong, Q., KomaUoY, O., CUoVb\, A., HaUUiV, G., « Signell, R. 2021. S\WKRQ-
YLVXaOL]aWLRQ/IROLXP Y0.12.1. hWWpV://doi.oUg/10.5281/]enodo.4447642  

[2] GoUelick, N., HancheU, M., Di[on, M., Il\XVhchenko, S., ThaX, D., & MooUe, R. 
2017. Google EaUWh Engine: PlaneWaU\-Vcale geoVpaWial anal\ViV foU eYeU\one. 
RHPRWH SHQVLQJ RI EQYLURQPHQW, 202, 18±27. 
hWWpV://doi.oUg/10.1016/j.UVe.2017.06.031  

[3] GUoXW, J., & eW al. 2021. LS\ZLGJHWV: IQWHUaFWLYH HTML WLGJHWV. GiWHXb. 
hWWpV://giWhXb. com/jXp\WeU-ZidgeWV/ip\ZidgeWV  

[4] He, S., & eW al. 2021. NHSOHU.JO: A SRZHUIXO RSHQ VRXUFH JHRVSaWLaO aQaO\VLV WRRO 
IRU OaUJH-VFaOH GaWa VHWV. GiWHXb. hWWpV://giWhXb.com/kepleUgl/kepleU.gl  

[5] Ho\eU, S., & Hamman, J. 2017. [aUUa\: ND labeled aUUa\V and daWaVeWV in 
P\Whon. JRXUQaO RI OSHQ RHVHaUFK SRIWZaUH, 5(1). 
hWWpV://doi.oUg/10.5334/joUV.148  

[6] JoUdahl, K., Van den BoVVche, J., FleiVchmann, M., McBUide, J., WaVVeUman, J., 
& GeUaUd, J. 2021. JHRSaQGaV/JHRSaQGaV: Y0.9.0. 
hWWpV://doi.oUg/10.5281/]enodo.4569086  

[7] KhaUXde, S., & SWeenbeUgen, T. 2021. KHUH-PaS-ZLGJHW-IRU-MXS\WHU. GiWHXb. 
hWWpV:// giWhXb.com/heUemapV/heUe-map-ZidgeW-foU-jXp\WeU  

[8] LindVa\, J. B. 2018. WKLWHER[TRROV UVHU MaQXaO. 
hWWpV://jblindVa\.giWhXb.io/ZbW_book  

[9] MeaVe, J., & eW al. 2021. SORWO\.S\: TKH LQWHUaFWLYH JUaSKLQJ OLEUaU\ IRU P\WKRQ. 
GiWhXb. hWWpV://giWhXb.com/ploWl\/ploWl\.p\  

[10] RenoX, M., CoUla\, S., BUochaUW, D., & eW al. 2021. LS\OHaIOHW: A JXS\WHU / 
LHaIOHW EULGJH HQaEOLQJ LQWHUaFWLYH PaSV LQ WKH JXS\WHU QRWHERRN. GiWHXb. 
hWWpV://giWhXb.com/ jXp\WeU-ZidgeWV/ip\leafleW  

[11] WX, Q. 2020. geemap: A P\Whon package foU inWeUacWiYe mapping ZiWh Google 
EaUWh Engine. JRXUQaO RI OSHQ SRXUFH SRIWZaUH, 5(51), 2272. 
hWWpV://doi.oUg/10.21105/joVV.02272 

[12] Wu, Q. 2021. Leafmap: A Python package for interactive mapping and 
geospatial analysis with minimal coding in a Jupyter environment. Journal of 
Open Source Software, 6(63), 3414. https://doi.org/10.21105/joss.03414 

 


