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Abstract: Large-scale mapping of forest biomass uses geospatial predictors such as climate, vegetation indices, soil property, and topography in order to alleviate the discontinuity of in-sifu measurements in space and time. Here, we present an approach
combining known biophysical processes and geospatial predictors through parametric optimizations (1nversion of reference measures). Total aboveground biomass (AGB) in forest stands 1s estimated by incorporating the Forest Inventory and Analysis
(FIA) and Parameter-elevation Regressions on Independent Slopes Model (PRISM). Two main premises of this research are: (a) The Allometric Scaling and Resource Limitations (ASRL) approach can provide a valid relationship between tree geometry and
local resource availability; and (b) The zeroth order approach (size-frequency distribution) can expand individual tree allometry into total AGB at the forest stand level. Two supplementary reference maps from the National Biomass and Carbon Dataset
(NBCD) and U.S. Forest Service (USFS) were implemented to evaluate the model. This research focuses on a site-scale test of the biomass model to explore the robustness of predictive power, and to potentially improve models using additional geospatial
predictors such as more climatic variables, vegetation indices, soil properties, and lidar-/radar-derived altimetry products (or existing forest canopy height maps).

|. Research Background lll. Data Fig 3. Reference AGBs. (a,b) FIA VI. Intercomparisons of Modeled AGBs
® Large-scale mapping of forest biomass to quantify forest C sinks/sources. ® Inputs; ﬁgg Qggg %d\;ioggs(A)G'\éBCD - Four standard comparisons!®! across spatial scales: (a) Data distribution, (b) Overall
- Discontinuity of in-situ measurements in space & time; - FIA for allometric info. (inventories in 1999 & 2009)  v2003. agreement, (c) Local mean, & (d) Variability in opt1mlzed ASRL & reference AGBs;
: : : . : . | (@) 40070 vacs
- Use of geospatial predictors such as climate, vegetation index, soil, & topography; - PRISM for annual precip. (climatological years [~ = O e () - ASRL vs. FIA generally showed best correlations |5, =i , E(')gc :I
©® Recent approaches (e.g., machine learning & spatial statistics) perform well. | 1971-2000 & 198120100 | NN RYES g e Nt o & spatial similarity throughout all scales; A W Imean
_ — — _ S A Y B Ve ||| "Kolmogorov-Smirnov (KS) & Agreement Coefficient (AC) values| 2 0 e e iiossommion '
Geospatial | |\14chine Learning or Spatial Statistics Minimum Empirical Risks; ® Evaluations; " FIADB Tolal AGB (Year 1999)  FIADB Total AGB (Year 2009 B) |:>|Otg|xe| (b) Subsect(lon (2:) §ect.on (@), Province ) © Local Diferences n ASL A (Subsectr) dffé?:?f °
Predictors But, Need for Mechanlstlc Understandlng .. p 0 ——— | Pks &AVGys | (B)wop e 22 m|©
\ - - FIA AGB (also for model training/test) Cw| e LT s LR ko BB <020for | Gl S vs. FIA,
GSP.71 » % g 60 W g0 |1 s g6l |/ s £ o0 ASRL vs FIA %gzoo— NBCD, &
GSP 2 'S ——— NOde_1 = TWO AGB mapS fI'Om NBCD & USFS :é 40 % a0 [ :é 40 :é 40 (KS values %gmo’ oLl el USFS, ith
GS P-3 < V“; NOde-2 [ — o o 30°N = 20 iiiﬂ'Qgnga'AGB = 20 "“ ::izlggEB)TOtalAGB = 20 ::izlggEB)TOtalAGB = 20 »--NlBC TolelAGE Close to Zero 0 15Ecoegions Sorted by Increasing FIADB Biomass Mean ' Wlt
- > . Forest - Eco-regmns across scales (subsectmn, ~25 kmz; | o | R R N N represent a Local Differences in ASRL AGB (Section) [ 9Q%,
e “\{ ° B|OmaSS NBCD Total AGB (Year 2000) USFS Total AGB (Year2003) O Aé%o(tog?hoa) 400 A%%O(togyhoa) 000 e Aé%o(toﬁf)hoa) 400 A(%()Bo(tog?hoa) 400 better (€) oo 0 f d
. / ™. Node.n' \ i AN section, ~2500 km?; province, ~25000 km?) I e Fig 7. Empirical Cumulative Distribution Function agreement) | 92 :;ovn |I onee
e o e = = s Y curves forAI\S(;SLS FIA, NBCD, & USFS AGB (Y2009) it o (Yzeoog)
DRI *\ = = = mEgm m = a Ot p|Xe U SeCt|On c eCtion I’OVince ACS ] > 0.96 o 0 ‘ .
Fig 1. Use of geospatial predictors in recent studies. Being highly predictive with less tralnlng errors, . Optimization ensitivity Analysis £ L e f”f" 18— == |ASRL vs FIA|__ Local Diferences n ASRL AGB (Province)
but biophysical mechanisms governing forest growth are often neglected. ® Parametric optimization (F & w); §:Z e | 5:: §:Z e 2 éf;gevfgufg (aySubsection ,,, Section ., Province
- To minimize training errors against FIA AGB 2o s | representa | <
ll. Model Framework i b e p o bt (T S St St f Do) bt
, , with hicher earson’s r. but lower mean- | | e | o B ond 5 et BB 000 BB 0080 BB 05 | agreemen
© Total AGB in forest stands (4GB )1 = | m(¥) fir) dr; here, r = stem radius. 5 ’ s e I B v S e ‘IR | | | (f)ﬁoo (?i,oo B /(Af?ooo o
o , 1 en absolute_error (M AE) & RMSE Eco-Climatic Zones (Year 1999) Eco-Climatic Zones (Year 2009) §450 E'Efgég‘éifée'rusc’/ 5450 3450 ge—fg:: ZSOOE;nNIEECIl 5450(& . ) 220%%(:% o
- Individual trees’ allometry, m(r) = c,, " r*>, between r & AGB; , , [P @D 2 e | 3 3 S, 8 e, g—g
. C e P . . - Samples 1n 12 groups with four tree species e - NEN N Y
- Size-frequency distribution of trees, f(r) = ¢, ¥ =, with varying size classes; t 4 | . . e S S T L L) B\l ) Bl 8%
. x three annual precip. regimes D | e Zis 5 | Teelh W R O ERNE ) ER |
= _1 5/3' ypes p p g 3 3 OO 150 300 450 600 0O 150 300 450 600 O0 150 300 450 600 0O 150 300 450 600 elll Ses
- Assuming r . >>r, (smallest tree) 1n a forest stand, AGB ;2 (3/5)c, c, ~'r g i o O T A, S0 O 0 150, S0 Ve R A, S0 D T S 0, S p
! max ) ’ ror fmo M 7 @ Sensitivity analysis; * * v v “ 0 show the un-
©® Mechanistic understanding using the ASRL!”I & zeroth-orderl?! approaches. o S o N e Th i T o E e R | Systematic
- To find empirically realistic extents & soolmaliegones L Fecimalozones 72 B (als0 AC, )
Three Variables in Model Calculations & Two Optimization Parameters : : : DyRegon @ o o g g | = o
intervals of F' & y (perturbing one, while emedate e : Sl B S ) B : K
- : : : 2 L oo | 2 " bt st . o ] | | I (ton/ha
EIA DB * keeping another). Fig 4 Study sites in 12 zones defined by tree e B 0 O B A0, 800 0, IO D aem s00 o0 Thp wse o s s 75 e ]
003<F<008 095<w<130 species types & precip. regimes (Dry < 900; Fig 8. Overall agreement (Geometric Mean Function Fig 10. Local standard deviations in
* - U0 =0 =2 UU6, VT == 1.OU. Interm.; 1300 mm < Wet). Relationship) of ASRL vs. FIA, NBCD, & USFS AGB. ASRL & reference AGBs (Y2009).
RIS @ ) V. Optimized ASRL Model AGB VIl. Uncertainty Quantification
- " \/\_/ 1 1
< . - Moderate predictive power: MAE = 43.6; RMSE = 66.5 ton/ha; R>=0.50 (Y2009) (| ® Error propagation for independent sources: AGB = f(p, P, .V, 4,7).
* i i ions[2.4] L |3/4 power,-* :Poi ist. )i : : 1 T :
A”Omet”_C Scaling Equations S oliawk - Stable model performance with the independence between training & test data. - U(p) = {[Ap(@)p(D))? + [wAP,, (p)/P, (D)]* + [wS , ]}}'2; here, p = individual sites;
+Stochastic Geometry ModelP] |® - - - - 3 - - - - @) ®)
‘P tric Ootimizat = C|,~ Log scale a = - In general, underestimations in dry regions, while overestimations in wet regions. (a) spatial mismatches for FIA plots & W __TOW 0w _ovw ww w20 gy 200
arametric p IMiZzation 2 Body MaSS ROOt EXtentS |n Un|t Area (1 ha) |(a) ?—‘;600 S _ (b) 3600 I 17 I(A)600 / (E)GOO _aq PRISM . 1 . B | < n Effective Root Capture Area
£ |wrzre) £ oolesde |1.5 S T Rt Sl P1XCIS, 'S —sias
Fig 2. Model driven by stem radius of the largest tree (r..,) & two normalization constants (c,, & c,)). Sas0] 2 Sasonlen s 5 450 Sl s . . o : S0 -
Two optimization parameters are tree shape factor (F) & root absorption exponent (). S ORI " 8. 8. %@;g‘%éj;sisg ! 2 (b) heterogeneity of species composition; S g e
— 1. T g g | S 5 | ' N UAS : : o &0 -
(1) Norm. const. of allometry, ¢,, = [10 (2¢ ) &, F p]!; (unit: g-lcm??). ° L a4 S ool ooy |k (c) bias (0-80%) 1n effective root area (S,,); |, ey oumizecasnt esimatsr, 0\/\&/\&
. . 1 4/5 . 1 & ol & W s lo.3 5:,(% ‘ A e é -m-_ji?:gx:ij,:& 0.5 Rand dat lit t d d: e PR 0 25 50 (3/5) 100
(2) Norm. const. Of Slze_frq dlSt C' = (4/ 5) QTOT KZ_ l" _( ); (Uﬂlt' cm ha— ) ) % 150 300 450 600 ) O 150300, 450 600° %0 150 300 450 600 % 150 300 450  600° - Random Crrors ( ala (quall Y) not considered, g o — - : 7t
'(C) FIADB Total AGB (ton/ha) ( ) FIADB Total AGB (ton/ha) |(9600FIADB Total AGB (ton/ha) (d)aoo FIADB Total AGB (ton/ha) . S & b 1 < IO(V f t . t . Flg 11 . Quantlfled Uncertalnty (Y2009) (a)
- Ky, K, & (= empirical scaling for US forestsl?l; p = wood spec gravity (gcm™); e I T N <> | - Source (a) & (b) only = 10% of uncertainty; ¢ 4 ‘hias (20%) in S,,. (b) Five scenarios.
- Basal metabolic rate (Q7y1n Lday " ha™) < Q, = (y P,,.4,)"; here, P;,. = incoming & j 8 o %300 e A VIII. Future Improvements
precip. (L day ! m™); 4 = root area (m?ha!), & y = absorption efficiency (= 1/3[2]); - o <, © 150 s Y
e ’ o soun | é g rosases M3 ® Spatially contiguous maps of total forest AGB after alleviating limitations
3 — h / I/C /2 t Opt|m|zed ASRL Model Total AGB Relative Errors: (AGB AGBF,ADB)/AGBF,ADB 2 _ I 2 O,»"" within Gook's dist (<4} o. p y g p g .
( )l" max ( max Kl) ) (unl . Cm)° L I (tor/a) -05 0125 0\0 0\25 05- 0o 150 300 450 600 OFIA D185(')I' teiogGB«tso /haoo . . . . . .
. . 241, mo o mm e s Sk o0 oF ¢ DA Total A62 fonhe, DE _ute] AGR fonina) (a) Additional geospatial predictors may be needed — e.g., evaporative fluxes, soil
- Based on an allometric scaling rule for tree geometry!'<*l; Fig 5. Optimized ASRL AGB (Y2009). (a) Overall Fig 6. Two-fold cross validations for ients & e
i i a,b) Y1999 & (c,d) Y2009. Randoml nutrients roperties;
- Why h__ ? For flexibility to use lidar/radar altimetry data in future studies; agreement with FIAAGB. (b) Density scatter plot. g. .3 4 train ( . t) ot Y PTOPStUES, , , ,
(c) Spatial distribution. (d) Relative errors. lvided training & test sets (b) Improved calibration of basal metabolic constants and exponents 1s required;
Refe rences 3] West, et al. (2009), A general quantitative theory of forest structure and dynamics, Proc. Natl. Acad. Sci. USA., 106(17), 7040-7045. (C) EXpllClt acc()unting ()f forest Stand age Structure iS necessary,
[4] Enquist, et al. (1998), Allometric scaling of plant energetics and population density, Nature, 395(6698), 163—-165.
11 Enquist, et al. (2009), Extensions and evaluations of a general quantitative theory of forest structure and dynamics, Proc. Natl. Acad. Sci. 151 Huang, et al. (2008), Stochastic transport theory for investigating the three-dimensional canopy structure from space measurements, Ack led
USA., 106(17), 7046-7051. Remote Sens. Environ., 112(1), 35-50. cKnowie Qements
21 Kempes, et al. (2011), Predicting Maximum Tree Heights and Other Traits from Allometric Scaling and Resource Limitations, Plos One, [0 Riemann, et al. (2010), An effective assessment protocol for continuous geospatial datasets of forest characteristics using USFS Forest This work was partially supported by the Fulbright Graduate Scholarship and
6(6), DOI 10.1371/journal.pone.0020551. Inventory and Analysis (FIA) data, Remote Sens. Environ., 114(10), 2337-2352. by the NASA Headquarters under the NASA Earth and Space Science Fellowship Program — Grant “NNXI13AP55H”




