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Abstrakt: Lesy dlleZitou roli pfi fixaci atmosférického uhliku ve formé& biomasy, &mz zmirfiuji globalni zménu
klimatu. Lesni biomasa a jeji rlst se tradi¢n& mé&i polnimi metodami a statistickym vzorkovanim reprezentativnich
lesnich ploch. Typicky se méFi primér kmene v prsni vy&ce (DBH) a vy&ka stromu (H) pro kazdy strom ve
zkoumaném Uzemi, pficemz biomasa je vypoctena pomoci druhové specifickych allometrickych rovnic. Tyto metody
jsou relativné presné (v zavislosti na pouzité allometrické rovnici), ale pracné (inventarizace lesnich ploch na Urovni
celého statu vyZzaduje vzorkovani tisicl lesnich ploch) a jsou reprezentativni pouze k danému obdobi. Kv{li
statistickému vzorkovani bodl jsou odhady biomasy platné pouze pro vétsi regionalni jednotky (napf. okresy, regiony
nebo dokonce staty) a nemohou na Grovni porostl popsat lokalni variabilitu biomasy. Data dalkového prizkumu
poskytuji neocenitelné informace o nasich ekosystémech, pozemnich i vodnich. Satelitni dalkovy prizkum je zvlasté
vhodny pro systematické a opakované monitorovani ekosystémul. Soucasné satelitni satelitni snimaci systémy pro
monitorovani zivotniho prostiedi provozované NASA (Landsat) a ESA (Sentinel) jsou schopny pozorovani na drovni
jednotlivych lesnich porostl ve vice spektralnich kanalech pokryvajicich viditelné a infratervené pasma, které jsou
potencialné citlivé na lesni biomasu a jeji zmény. Aktivni radarovy systém (SAR) provozovany na satelitech Sentinel-1
je navic atraktivnim zdrojem udajt o dalkovém priizkumu pro jeho schopnost snimkovat povrch Zemé za kazdého
pocasi. Potencidl dat druzicového dalkového prizkumu Ize pIné vyuzit pouze pfi praci s ¢asovou fadou pozorovani. To
nevyhnutelné predstavuje vyzvu kvdli velkému objemu dat a vypocetnim prostfedkim potifebnym pro jejich
zpracovani. Novym trendem ve zpracovani dat dalkového priizkumu Zemé je cloudové zpracovani, kde archiv dat i
algoritmy dat pro jejich zpracovani jsou provadény na dalku na vysoce vykonnych pocitacich. Pfi vyvoji predikéniho
modelu mezi jakoukoli pozorovanou veli¢inou dat dalkového prizkumu (odrazivost povrchu a jejich odvozené
transformace, koeficient zpé&tného rozptylu radarovych dat) a promé&nnymi souvisejicimi s lesni biomasou méze vybér
konkrétniho statistického modelu ovlivnit predikéni vykon a zavéry o pouZitelnosti konkrétnich metod. V poslednich
desetiletich byly vyvinuty Cetné statistické metody, mimo jiné varice klasického linedrniho regresniho modelovani,
umélé neuronové sité, Support vector machines nebo rozhodovaci stromy. V této studii pouzivdme pfistup cloudového
zpracovani v aplikaci Google Earth Engine ke zpracovani a interpretaci bohaté Casové rfady jak optickych (Landsat-8 a
Sentinel-2), tak radarovych (Sentinel-1) dat. Diky tomu ziskdvame vysoce kvalitni prediktory lesni biomasy. Byly
vyuzito nékolik databazi lesni inventarizace, v€etné inventury biomasy provadéné v ramci inventarizace krajiny
CzechTerra, defoliace porostl z panevropské databdze ICPForests a vlastniho mé&teni Indexu listové plochy. Rizné
pokrocilé statistické metody strojového uceni byly vyuZzity pro predikci biomasy a s ni souvisejicich veli¢in a vysledky
navzajem porovnany. Nejlepsi predikéni modely byly aplikovany v prostiedi Google Earth Engine k vytvoreni
dynamickych map biomasy pro Gzemi Ceské republiky.

Title: Predicting forest biomass from satellite remote sensing using Google Earth Engine and advanced machine
learning techniques

Abstract: Among terrestrial ecosystems, forests are playing an important role in fixing the atmospheric carbon in the
form of biomass, thus mitigating climate change. Forest biomass and its growth is traditionally measured using field
methods and statistical sampling of representative forest plots. Typically, diameter at breast height (DBH) and tree
height (H) are measured for each tree within sampled area, and the biomass related estimates for studied plot are
calculated using species-specific allometric equations. Such methods are relatively accurate (depending on the
allometric equation used), but laborious (country-level forest inventories requires thousands of forest plots for
representative estimates), and representative for given period of sampling only. Due to statistical point sampling,
biomass estimates are valid only for larger regional units (e.g. districts, regions, or even states) and can not describe
biomass variability on stand level. Remote sensing data provides invaluable information about our ecosystems, both
terrestrial and aquatic. The satellite remote sensing is particularly suitable for systematic and repetitive monitoring of
ecosystems. Contemporary satellite remote sensing systems for environmental monitoring operated by NASA
(Landsat) and ESA (Sentinel) are capable of stand-level observations of multiple spectral channels covering visible
and infrared bands, which are potentially sensitive to forest biomass and its change. In addition, active radar system
(SAR) operated on Sentinel-1 satellites is an attractive source of remote sensing data for its all-weather capability.
Full potential of satellite remote sensing data can be only explored when working with time series of observations.
This inevitably possess a challenge due to large volumes of data and computational resources needed for digesting
the data. An emerging trend in remote sensing data processing is so-called cloud based processing, where both the
remote sensing data archives and algorithms are stored and executed remotely on high-performance computers.
When developing a prediction model between any remote sensing observation quantity (surface, reflectance and its
transformations, radar backscattering coefficient) and forest biomass related variables, the selection of particular
statistical model may influence the prediction performance and conclusion drawn about the usability of remote
sensing data studied. Numerous statistical methods were developed in recent decades, including variations of
classical linear regression modelling, artificial neural networks, support vector regression, or decision trees, among
others. In this study, we apply a cloud-based processing approach of Google Earth Engine to digest a rich time series



of both optical (Landsat-8 and Sentinel-2) and radar (Sentinel-1) data, yielding high quality remote sensing predictors
of forest biomass-related variables. Several forest inventories were used, including biomass inventories performed
within CzechTerra landscape inventory, ICPForests defoliations and leaf area index. Various statistical methods were
used, cross-compared and the best ones were applied in Google Earth Engine to produce a wall-to-wall continuous
maps of biomass-related variables for the area of Czech Republic.



