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	Abstract:  This study addresses a fundamental question in artificial intelligence applications within forestry science: Can AI models effectively learn and incorporate inherent biological growth patterns and laws governing tree development? Through systematic evaluation of Deep Learning Architecture (DLA) implementations in forestry modeling, we identify two distinct methodological paradigms: conventional adaptive learning-based models and optimized DLA frameworks incorporating hyperparameter and regularization techniques. While AI models demonstrate superior statistical performance compared to traditional regression approaches, their evaluation in forestry science necessitates consideration beyond mere performance metrics, particularly regarding biological plausibility. Our analysis reveals that standard adaptive learning-based AI models, despite achieving high training accuracy, often exhibit overfitting tendencies and fail to capture fundamental biological relationships. In contrast, hyperparameter-optimized and regularization-optimized DLA models, incorporating customized network parameters, demonstrate remarkable capacity in maintaining biological fidelity while mitigating overfitting challenges. These optimized frameworks successfully predict tree attributes while preserving consistency with established dendrometric principles, effectively addressing the traditional 'black-box' limitations of AI models. The study concludes that through proper optimization techniques, AI models can indeed be trained to account for biological growth patterns, though their full potential in forestry applications remains to be explored as our understanding of their capabilities continues to evolve.
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1. Introduction 
In the mid-nineteenth century, Alan Turing's influential 1950 paper in the Journal of Mind introduced a pivotal question by juxtaposing two concepts: 'thinking' and 'machines' through his inquiry, 'Can machines think?' (Turing, 1950). This foundational concept of thinking machines has evolved into Artificial Intelligence (AI) systems capable of learning the dynamic mechanisms and interrelationships within living ecosystems (McCorduck, 2004; Nilsson, 2014). Turing's initial question has transformed into a more complex inquiry: 'Can artificial intelligence (AI) learn and comprehend living systems, such as forest ecosystems?'
From this perspective, a critical initial phase in developing AI systems involves enabling AI to gain comprehensive understanding of the living systems it encounters (Russell et al., 2015; Brynjolfsson and Mitchell, 2017). The predictive capabilities and effective learning processes of AI in relation to these living systems represent crucial developmental stages in AI model evolution (Armstrong et al., 2014; Taddeo and Floridi, 2018). Consequently, AI techniques increasingly focus on the quality of learning required to accurately model these complex biological systems.
Artificial Intelligence (AI) models have demonstrated remarkable success in learning processes across various engineering disciplines, including electronics, manufacturing, mechanical engineering, communications, and construction. Moreover, these models exhibit significant potential for understanding the complex interrelationships within natural ecosystem growth processes, particularly in forest systems.
Since the early 2000s, AI models—specifically Artificial Neural Network (ANN) models—have emerged as an innovative and increasingly prominent prediction methodology in forest modeling studies. The growing prominence of ANN models in forestry modeling literature can be attributed to two key advantages: first, their robust capability for nonlinear modeling without the need for predetermined statistical functions, and second, their ability to generate successful and robust predictions without adhering to traditional statistical assumptions (Özçelik et al., 2010; Ashraf et al., 2013; Diamantopoulou et al., 2015). Many studies focused on developing and evaluating ANN models by comparing their predictive capabilities for various individual tree and stand characteristics against conventional regression models—the latter having served as the classical statistical estimation methodology in forestry for approximately eight decades. Comparative analyses consistently demonstrated that ANN models exhibited superior predictive performance in estimating individual tree and stand attributes compared to traditional regression approaches. In this evolving landscape of predictive modeling, AI models—particularly ANN models and more recently, Deep Learning Architecture (DLA) models—have emerged as viable alternatives to classical regression approaches. This shift is particularly significant given the longstanding criticisms of AI models with ANN or DLA regarding their reliance on biological assumptions and limitations in modeling complex growth relationships within tree and forest systems, especially in certain data structures. In forestry biometrics, while statistical validity and model fit are essential criteria, the biological realism of predicted individual tree and stand attributes holds paramount importance. This emphasis on biological realism was first articulated by Levins (1966), who established it as a fundamental requirement for developing robust and predictive models in forest systems. Subsequently, Lei and Parresol (2001) further advanced this concept by delineating specific biologically realistic characteristics crucial for modeling individual tree growth.
Within this theoretical framework, prediction systems developed for forestry applications must demonstrate consistency with established biological growth patterns. These patterns typically manifest as sigmoid growth curves with distinct inflection points, multiple asymptotes, and monotonically non-decreasing trajectories over time—characteristics that reflect the underlying biological processes of tree and forest development. This study evaluates the potential of artificial intelligence models, particularly Deep Learning Architecture (DLA) models, to generate predictions that align with biological realism and fundamental growth laws governing both individual tree and stand development in forestry. The present research may explore the fundamental challenge of training artificial intelligence systems to effectively recognize and account for the inherent biological patterns and growth laws that characterize tree development processes within forest ecosystems.

2. Overfitting problem: A significant challenge and limitation in artificial intelligence
AI models, characterized by multiple non-linear hidden layers and thousands of neuronal weights, demonstrate remarkable flexibility and non-linear modeling capabilities in their complex architectural structures when modeling various individual tree and stand attributes. While this inherent flexibility in non-linear modeling potentially offers superior predictive performance compared to traditional linear and non-linear regression approaches, it simultaneously introduces the risk of overfitting during the training process. In overfitted challenges, AI models may generate predictions that almost perfectly align with observed training data, effectively memorizing the dataset—including its noise components—rather than learning the fundamental input-output relationships. This phenomenon, formally known as the 'overfitting or generalization problem,' represents a critical limitation that frequently impairs the model's ability to generalize effectively to unseen or validation datasets. 
The manifestation of overfitting typically presents as a distinct pattern: while the model achieves exceptionally low residual errors for the training dataset, it exhibits substantially larger errors when applied to unseen validation data. Consequently, overfitted AI models often demonstrate poor statistical performance metrics when evaluated against validation datasets. The hallmark symptoms of overfitting and generalization problems can be characterized by low bias in training set predictions coupled with high variance and unsatisfactory predictive capability when applied to validation datasets.
The implications of the overfitting problem extend beyond mere validation error metrics, significantly impacting the ability to achieve biological realism in modeling individual tree and stand growth dynamics within forestry science. When AI models succumb to overfitting, failing to learn intrinsic data relationships and instead defaulting to memorization patterns, they may fundamentally violate principles of biological realism. The core challenge with overfitted AI models lies in their tendency to memorize rather than learn the underlying relationships in the training data, thereby compromising their ability to capture genuine biological patterns and growth dynamics.

3. The hyperparameter-optimized or regularization-optimized AI models

In addressing the overfitting phenomenon within artificial intelligence frameworks, the optimization of hyperparameters and regularization parameters emerges as a critical component in the development of AI models. Neural network architectures incorporating such optimized hyperparameters are formally classified as 'hyperparameter-optimized ANN' models, reflecting their enhanced configurational sophistication. Also, Within the artificial intelligence literature, AI models incorporating optimized regularization parameters are formally designated as 'regularization-optimized ANN' models, reflecting their enhanced capacity for generalization through systematic parameter adjustment. Artificial Neural Networks trained through adaptive learning processes typically incorporate hyperparameters such as learning and momentum rates, with these parameters traditionally optimized through error minimization between observed and predicted values. However, this approach differs substantially from hyperparameter-optimized ANN models in their fundamental methodology. While adaptive learning processes employ automatic parameter determination for residual minimization, hyperparameter-optimized ANNs implement a more sophisticated approach, requiring meticulous customization of network topology parameters. This optimization process demands systematic trial-and-error experimentation, with particular emphasis on two critical objectives: mitigating overfitting tendencies and preserving biological realism. The careful calibration of architectural parameters, including learning and momentum rates, represents a more rigorous and controlled approach to network optimization compared to adaptive learning methodologies. To address overfitting challenges and maintain biological realism in neural networks, various regularization optimization strategies have emerged as effective methodological approaches. These techniques include early stopping protocols based on Root Mean Square Error (RMSE) metrics, regularization implementations incorporating L1 and L2 penalty terms, and dropout mechanisms utilizing randomly excluded neural units. These methodologies collectively serve to reduce network model complexity while enhancing the robustness of neural network architectures (McCorduck, 2004; Goodfellow et al., 2016).

4. The growth laws and biological realism in tree growth

In forestry science about tree and stand growth and yield modeling studies, while the assessment of statistical prediction models such as regression analyses traditionally relies on various metrics including Akaike Information Criterion (AIC), Bayesian Information Criterion (BIC), coefficient of determination (R²), Bias, and Root Mean Square Error (RMSE), the biological coherence of these models holds paramount importance. Specifically, the predictive behavior patterns generated by these prediction models must demonstrate fundamental consistency with the inherent biological development trends and natural characteristics of the modeled attributes. As stated in many studies such as Bailey and Clutter (1974) and Cieszewski (2002), desirable characteristics of height growth curves are: (1) a sigmoidal structure (known as an “S curve”); (2) a logical behavior with a zero value of height at age zero; (3) polymorphism; (4) an asymptotic behavior; and (5) base-age invariance. 
The fundamental principles of biological realism in tree growth volumetrics were initially established by Heinrich Cotta in the early nineteenth century (Clark, 1902). A primary tenet of this biological framework establishes that tree stem volume is fundamentally determined by the interaction of three key parameters: diameter at breast height (DBH), total tree height (TTH), and tree form (Avery and Burkhart, 1983). While many contemporary volume prediction systems primarily utilize DBH and TTH as independent variables for total tree volume (TTV) estimation, often excluding tree form considerations (van Laar and Akca, 1997), the underlying biological relationships remain crucial. The relationship between these parameters exhibits specific biological patterns: TTV demonstrates a positive correlation with DBH when TTH remains constant, and similarly, TTV increases with increasing TTH for constant DBH values. Significantly, these relationships follow allometric curvilinear patterns rather than linear trajectories (Spurr, 1952; Avery and Burkhart, 1983). For hyperparametrized Deep Learning Architecture (DLA) models to gain acceptance within the forestry literature as effective prediction systems, they must demonstrate consistency with these established biological patterns. Any deviation from expected trends, such as decreases or unexpected fluctuations in TTV values at higher DBH and TTH values, would constitute a violation of biological realism, potentially compromising the model's validity and utility in forestry applications.
In addition to comparing and evaluating various models for estimating individual tree and stand characteristics according to different performance criteria (R², Bias, RMSE, AIC, BIC, etc.), the assessment of prediction accuracies obtained through these prediction models is also conducted using graphical methods. In a related evaluation, Ercanli et al. (2023) presented graphs of dominant height growth predictions for five site index values (i.e., 5, 10, 15, 20, 25, and 30 m at base age 100) obtained through both ANN models and a nonlinear mixed effects model with one random parameter (Fig. 1). Upon examination of Figure 1, while biologically consistent estimates of dominant height development are observed in the left corner of the graph (Fig. 1a), the standard feed-forward ANN model - trained with an adaptive learning process without any hyperparameter or regularization parameter specifications - produced predictions that significantly violate and are highly inconsistent with growth laws and biological realism about dominnat tree heights. Ercanli (2024), in a study utilizing Deep Learning Algorithm - a multilayer artificial neural network - to predict individual tree taper using stem diameters outside bark (DOB) and total tree volume (TTV), obtained results highly inconsistent with biological realistic patterns for both characteristics when using a standard DLA model based on adaptive learning (Fig. 2b and 3b). The implementation of optimized DLA architectures—specifically, a hyperparameter-optimized model with 0.8 momentum and seven hidden layers for TTV predictions, and a regularization-optimized model with 1×10⁻⁶ dropout ratio and three hidden layers for DOB estimations—yielded statistically robust results across both training and validation datasets while preserving biological plausibility in their predictions (Fig 2a and 3a). The predictive outcomes generated by both hyperparameter-optimized and regularization-optimized DLA models for TTV (Fig. 2a) and DOB (Fig. 3a) demonstrate strong adherence to established biological principles governing tree volume and diameter growth patterns in dendrometric science (Avery and Burkhart, 1983; van Laar and Akca, 1997; Pretzsch, 2009).







(b)
(a)


	


Fig. 1. Predicted site index curves for five site index values by Nonlinear mixed effect regression, feed-forward network architectures and ANN with feed forward learning-log-tan of activation functions and 52 number of neurons (Ercanlı et. al. 2023)
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Figure 2. The change of total tree volumes predicted by the best predictive hyper-parametrized DLA (a) and the standard DLA including 10 (b) number of hidden layer and according to DBHs and Total tree height (TTH) (Ercanlı, 2024)
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Fig. 3. The predicted stem profiles by the Fang et. al (2000)’s taper equation based on NLS (a), CAR (1) (b), the best predictive regularization-optimized DLA and the standard DLA with a 3 # hidden layer (d) (Ercanlı, 2024)


Conclusion 

This investigation explores the fundamental question of whether artificial intelligence can be effectively trained to incorporate inherent biological patterns and growth laws of tree development, while providing a systematic assessment of AI model implementations in forestry applications, a distinct branch of natural sciences. Despite artificial intelligence models demonstrating superior performance metrics compared to traditional regression models from statistical science, the evaluation of predictive models in natural sciences, particularly in forestry, extends beyond mere statistical performance criteria. While artificial intelligence models demonstrate remarkable predictive ability through their sophisticated nonlinear fitting capabilities, their training process necessitates consideration of factors beyond conventional adaptive learning approaches, which traditionally focus on minimizing the residuals between observed and predicted values. The employment of hyperparameter-optimized and regularization-optimized DLA models, trained via an innovative methodology incorporating customized network parameters, presents a significant advancement in simultaneously addressing two critical challenges in forest modeling: (i) the statistical issues of overfitting and generalization capacity, and (ii) the maintenance of biological realism in tree and stand attribute predictions. In addressing the fundamental question 'Can artificial intelligence be trained to account for the growth laws and biological patterns inherent in tree growth?', two distinct methodological approaches emerge in the implementation of AI models with DLA for forestry applications:
(i) Adaptive learning-based AI models prone to overfitting, which demonstrate high fidelity to training data but fail to capture underlying biological relationships, essentially resulting in data memorization rather than pattern recognition;
(ii) Advanced DLA implementations incorporating hyperparameter optimization and regularization techniques, characterized by systematic customization of network parameters to enhance model generalization and biological consistency. The optimization-based approach represents a significant advancement in elucidating the 'black-box' nature of these models, enabling the capture of intricate data relationships. Through the systematic implementation of hyperparameter optimization and regularization techniques, these advanced DLA frameworks demonstrate remarkable capacity in maintaining biological fidelity while mitigating overfitting and enhancing generalization capabilities.  In this context, the Human-Centered Artificial Intelligence (HCAI) paradigm has been comprehensively conceptualized by Holzinger et al. (2022). The application of this paradigm to forest science represents a symbiotic integration of artificial and natural intelligence. This integration aims to augment, support, and optimize artificial intelligence systems, such as Artificial Neural Networks (ANN) or Deep Learning Algorithms (DLA), with human knowledge and perspective in forest growth and yield predictions. This approach facilitates a synergistic confluence of technological innovation and human experiential expertise. However, the full potential of DLA applications in forestry science remains to be fully explored as our understanding of its inherent capabilities and limitations continues to advance.
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SI=30 m	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	0.30005937700000002	0.30010363200000001	0.30017323400000001	0.30027728300000001	0.30042544799999998	0.30062709900000001	0.300890516	0.301222349	0.30162745499999999	0.302109083	0.30266931600000002	0.30330963999999999	0.30403152	0.304836895	0.30572856999999998	0.30671048400000001	0.30778788299999998	0.30896742100000002	0.31025722	0.31166691600000002	0.31320770799999997	0.314892434	0.31673567200000002	0.31875389100000001	0.32096563900000002	0.32339178699999999	0.32605581300000003	0.32898414500000001	0.33220654399999999	0.335756534	0.33967186700000002	0.34399502799999998	0.34877375199999999	0.354061552	0.35991824900000002	0.36641046199999999	0.37361206800000002	0.38160458200000003	0.390477452	0.400328242	0.41126269100000001	0.42339464100000002	0.43684584500000001	0.45174568399999998	0.46823083199999999	0.48644495900000001	0.50653856399999997	0.52866905900000005	0.55300127899999996	0.57970855799999998	0.60897459200000004	0.64099626700000001	0.67598765900000002	0.71418542600000001	0.75585578600000003	0.80130328699999998	0.85088157799999997	0.90500636400000001	0.96417070999999999	1.02896286	1.1000866600000001	1.1783846899999999	1.26486415	1.3607254200000001	1.46739354	1.5865524799999999	1.7201824800000001	1.8706006100000001	2.04050479	2.2330211000000002	2.4517538499999998	2.7008365799999998	2.9849808000000002	3.3095164399999999	3.6804152299999999	4.1042832000000002	4.58830399	5.1401078199999999	5.7675359300000002	6.4782661099999999	7.2792665699999999	8.1760567000000002	9.1717793699999994	10.2661345	11.454288099999999	12.725942999999999	14.0648172	15.448785000000001	16.850866199999999	18.241082200000001	19.588975699999999	20.8663761	22.049891500000001	23.1226615	24.0751065	24.904671199999999	25.6147837	26.213366099999998	26.711234000000001	27.120642400000001	27.454122999999999	27.7236598	27.940178400000001	28.1132913	28.251228000000001	28.360886000000001	28.447951100000001	28.5170499	28.5719089	28.6155066	28.650209199999999	28.677888400000001	28.700020599999998	28.717767599999998	28.732042799999999	28.743564200000002	28.752896400000001	28.760483600000001	28.766676	28.7717499	28.775923899999999	28.779371300000001	28.782229900000001	28.7846096	28.786598000000001	28.788265800000001	28.789669400000001	28.790854700000001	28.7918588	28.792711799999999	28.793438399999999	28.7940589	28.794590100000001	28.7950458	28.795437700000001	28.795775500000001	28.796067499999999	28.796320600000001	28.796540799999999	28.796733	28.796901500000001	28.797049900000001	28.7971808	28.797296800000002	28.797399599999999	28.797490700000001	28.797571099999999	28.797641800000001	28.797703299999998	28.797756100000001	28.7978004	28.797836499999999	28.797864499999999	28.7978843	28.797896000000001	28.797899300000001	28.797894100000001	28.797879900000002	28.797856400000001	28.797823000000001	28.7977788	28.797723099999999	28.797654600000001	28.7975721	28.797473799999999	28.797357699999999	28.7972216	28.797062400000002	28.796876699999999	28.7966604	28.796408499999998	28.796114899999999	28.795772500000002	28.795372499999999	28.794904599999999	SI=25 m	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	0.34631696499999998	0.38782150300000001	0.45981238499999999	0.57796930999999996	0.76104090300000005	1.0286130899999999	1.3977848500000001	1.8795779100000001	2.47622448	3.18027361	3.9757850499999998	4.8411071100000003	5.7522738499999999	6.6860758300000001	7.6222213600000002	8.5444435199999997	9.4407223800000004	10.3029229	11.1261408	11.9079727	12.6478404	13.346428	14.0052468	14.6263171	15.211945399999999	15.764574700000001	16.286687400000002	16.7807429	17.249139499999998	17.694189099999999	18.118099999999998	18.522963499999999	18.910741900000001	19.283256600000001	19.642176500000001	19.989006400000001	20.325076599999999	20.651533799999999	20.969335000000001	21.279245	21.581837400000001	21.877501599999999	22.166453799999999	22.448753700000001	22.724324299999999	22.9929767	23.254435399999998	23.5083655	23.754398800000001	23.992157599999999	24.221275899999998	24.441416499999999	24.652284600000002	24.853636600000002	25.045286600000001	25.2271091	25.399040200000002	25.561077000000001	25.713275899999999	25.855750700000002	25.988669300000002	26.112250100000001	26.226757899999999	26.3324985	26.429812399999999	26.519068300000001	26.600655499999998	26.674976600000001	26.742439699999998	26.8034517	26.858412600000001	26.9077102	26.951718	26.990793100000001	27.025277899999999	27.055501799999998	27.081786699999999	27.104451600000001	27.123818700000001	27.140219299999998	27.1539982	27.165516199999999	27.1751516	27.183298400000002	27.1903632	27.196760300000001	27.2029052	27.2092077	27.216065	27.223854800000002	27.232929500000001	27.243611900000001	27.256191399999999	27.270922299999999	27.2880216	27.307669099999998	27.330006699999998	27.3551374	27.383124899999999	27.4139923	27.44772	27.484244400000001	27.523455899999998	27.565197600000001	27.609265600000001	27.655409599999999	27.7033363	27.7527142	27.803180999999999	27.854351999999999	27.905831500000001	27.957223299999999	28.008143100000002	28.058229499999999	28.107154099999999	28.154629499999999	28.200416000000001	28.2443244	28.2862182	28.3260115	28.3636661	28.3991854	28.432607399999998	28.463995799999999	28.493430799999999	28.520999799999998	28.546788899999999	28.570876699999999	28.593330699999999	28.6142064	28.633548999999999	28.651397200000002	28.6677879	28.682761200000002	28.6963632	28.708649099999999	28.719683199999999	28.7295388	28.738296099999999	28.746040099999998	28.7528583	28.758838000000001	28.764064699999999	28.768619999999999	28.7725808	28.776018100000002	28.778996899999999	28.781575700000001	28.783806999999999	28.785737399999999	28.7874078	28.788854000000001	28.7901071	28.7911942	28.7921385	28.792960099999998	28.793676000000001	28.794301099999998	28.794847900000001	28.795327	28.795747599999999	28.7961174	28.796443	28.79673	28.7969832	28.797206599999999	28.797403599999999	28.797577199999999	28.797729799999999	28.797863599999999	28.797980299999999	28.7980816	28.7981686	28.798242500000001	28.7983042	SI=20 m	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	0.30771452399999999	0.31461170199999999	0.32688457500000001	0.34771605999999999	0.38127345400000001	0.43242136799999997	0.50610468600000003	0.60649993000000002	0.73616415700000004	0.89545145599999998	1.08238323	1.2929927999999999	1.5220067500000001	1.76364729	2.01235623	2.2633179700000001	2.5127460400000001	2.7579620399999998	2.9973270099999998	3.2300883200000001	3.45619414	3.6761103899999998	3.8906600600000001	4.1008932800000002	4.3079890699999996	4.5131855400000003	4.7177338300000002	4.9228703700000001	5.1298024299999998	5.3397027100000001	5.5537091500000004	5.7729271200000003	5.9984314599999999	6.2312664399999997	6.4724419600000003	6.7229249700000002	6.9836249700000002	7.2553731099999998	7.5388947799999997	7.83477596	8.1434244499999995	8.4650276899999994	8.7995098400000007	9.1464916600000006	9.5052573200000001	9.8747326500000003	10.253479199999999	10.639708000000001	11.0313138	11.425932100000001	11.821013799999999	12.213915	12.6019936	12.982706500000001	13.3536997	13.712883400000001	14.0584901	14.3891112	14.703712599999999	15.0016318	15.282558699999999	15.5465043	15.7937619	16.0248636	16.240535699999999	16.441655999999998	16.6292142	16.804275799999999	16.967951599999999	17.1213713	17.2656624	17.4019318	17.531251999999999	17.6546494	17.773094199999999	17.887492300000002	17.998677900000001	18.107406699999999	18.2143503	18.320091399999999	18.425121900000001	18.5298433	18.6345709	18.739541800000001	18.844926000000001	18.950838999999998	19.057355099999999	19.164519500000001	19.272357800000002	19.380883699999998	19.490103900000001	19.600022299999999	19.710644200000001	19.8219791	19.9340458	20.046875400000001	20.1605144	20.275026199999999	20.390490400000001	20.506999100000002	20.6246522	20.7435513	20.863795700000001	20.985482000000001	21.108711599999999	21.2336068	21.360337099999999	21.489154800000001	21.620432999999998	21.754701699999998	21.8926701	22.035225499999999	22.183402999999998	22.338320299999999	22.501084899999999	22.672682300000002	22.853863400000002	23.0450464	23.246249599999999	23.457062199999999	23.6766535	23.903817100000001	24.137037899999999	24.374573000000002	24.6145371	24.8549845	25.093983699999999	25.329681999999998	25.560359600000002	25.784472699999998	26.000685300000001	26.207890800000001	26.405222599999998	26.592055599999998	26.767998200000001	26.932876799999999	27.086714400000002	27.229704300000002	27.362181199999998	27.484592500000002	27.597468200000002	27.701394400000002	27.796988299999999	27.8848767	27.965678199999999	28.039988300000001	28.108368800000001	28.171339499999998	28.229373800000001	28.282895799999999	28.332280900000001	28.377857200000001	28.419909400000002	28.458682700000001	28.494388900000001	28.527211900000001	28.557313600000001	28.584839800000001	28.609925199999999	28.632698000000001	28.653283200000001	28.671805800000001	28.688391599999999	28.7031688	28.7162671	28.727817600000002	28.737951299999999	28.7467975	28.754482800000002	28.7611287	28.7668511	28.771758699999999	28.775952100000001	28.779523600000001	28.782556799999998	SI=15 m	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	0.30533524000000001	0.31009680699999997	0.31888263500000003	0.33455907000000001	0.36137713500000002	0.405062533	0.47248805300000002	0.57080182800000001	0.706095523	0.88195435499999997	1.0983766399999999	1.3514639500000001	1.63399096	1.93663243	2.2494323000000001	2.5631115800000002	2.8699681699999999	3.16430817	3.44248339	3.7026678799999999	3.9445044600000001	4.16872051	4.3767739099999998	4.5705581200000003	4.7521739500000004	4.9237632900000001	5.08739455	5.2449884100000004	5.3982734099999998	5.5487625400000002	5.6977443900000004	5.8462842400000001	5.9952318900000003	6.1452344999999999	6.2967534399999998	6.4500844900000001	6.60538107	6.7626799100000001	6.92192834	7.0830119700000003	7.2457813700000004	7.4100759800000002	7.5757437599999999	7.7426554200000002	7.9107123799999997	8.0798484500000001	8.2500259800000002	8.4212274100000002	8.5934440700000003	8.76666378	8.9408591000000008	9.1159774099999993	9.2919340800000008	9.46860882	9.6458454499999995	9.8234543799999994	10.001216899999999	10.1788908	10.3562148	10.532913499999999	10.7086997	10.8832752	11.0563299	11.2275402	11.3965665	11.563051400000001	11.726618999999999	11.8868773	12.0434219	12.1958442	12.343742199999999	12.486733600000001	12.624471700000001	12.7566623	12.8830803	13.003585899999999	13.118138200000001	13.2268051	13.3297694	13.4273288	13.5198906	13.607958699999999	13.6921157	13.7729971	13.8512609	13.9275533	14.002472600000001	14.0765341	14.1501406	14.223560900000001	14.296920500000001	14.370207199999999	14.443292400000001	14.5159678	14.587994699999999	14.6591605	14.729334700000001	14.7985144	14.8668491	14.934634600000001	15.0022716	15.0701909	15.1387541	15.2081482	15.2782915	15.3487717	15.4188253	15.487363200000001	15.553035899999999	15.614328	15.669666700000001	15.7175321	15.7565571	15.7856109	15.803862000000001	15.810818299999999	15.8063482	15.790679900000001	15.764385900000001	15.728351399999999	15.683731699999999	15.631899799999999	15.574389699999999	15.512836500000001	15.4489188	15.384304999999999	15.320607499999999	15.2593453	15.201916000000001	15.149577300000001	15.103436	15.0644428	15.0333918	15.0109213	14.997515699999999	14.9935054	14.999066300000001	15.0142171	15.0388152	15.0725538	15.1149591	15.1653916	15.2230518	15.2869926	15.3561391	15.429316200000001	15.505284100000001	15.582779800000001	15.660563399999999	15.737466100000001	15.8124377	15.884589800000001	15.9532329	16.017906199999999	16.0783965	16.134748999999999	16.1872668	16.236503200000001	16.283244799999999	16.328489600000001	16.373419699999999	16.419370799999999	16.467800199999999	16.5202542	16.5783354	16.6436724	16.717890499999999	16.8025859	16.899301999999999	17.0095083	17.1345825	17.275793799999999	17.434288200000001	17.611074500000001	17.807010999999999	SI=10 m	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	0.301384759	0.30259472399999998	0.304898057	0.30921706599999998	0.317111796	0.33104508999999999	0.35459365799999998	0.39246112799999999	0.45013968199999999	0.533151767	0.64597948299999997	0.79097566900000005	0.967626773	1.1724344099999999	1.39944772	1.6412446599999999	1.89004423	2.1386631399999998	2.3811526999999999	2.6130862000000001	2.83155929	3.0350039	3.2229123199999998	3.3955444699999999	3.5536633200000001	3.6983198000000002	3.8306929699999999	3.95198107	4.0633353699999999	4.1658265700000001	4.2604346499999997	4.3480537500000001	4.4295055400000001	4.5055562299999998	4.5769335900000003	4.6443418100000002	4.7084732100000002	4.7700160199999999	4.82965877	4.8880914400000002	4.9460040899999997	5.0040835399999999	5.0630087699999997	5.1234454100000004	5.1860397799999998	5.2514128400000004	5.3201541199999998	5.3928161100000001	5.4699089000000001	5.5518954899999997	5.6391876700000001	5.7321425499999998	5.8310596600000002	5.9361784499999999	6.0476760199999999	6.1656646500000001	6.2901887700000003	6.4212210499999998	6.5586570399999999	6.7023084300000004	6.8518947199999998	7.0070337299999998	7.1672316	7.3318732200000003	7.5002142699999998	7.6713763799999999	7.8443465100000003	8.0179819600000002	8.1910213400000007	8.3621020900000005	8.5297837300000001	8.6925761900000005	8.8489718199999992	8.9974795299999997	9.1366599599999994	9.2651607600000006	9.3817519100000002	9.4853616299999999	9.5751139799999994	9.6503694299999996	9.7107690600000005	9.7562814600000003	9.7872494700000008	9.8044306599999995	9.8090230599999995	9.8026660000000003	9.7874067300000007	9.7656273000000002	9.7399325799999996	9.7130081399999995	9.6874639800000004	9.6656834499999995	9.6496962499999999	9.6410893200000007	9.6409619899999992	9.6499241500000004	9.6681304600000004	9.6953401400000008	9.7309915500000006	9.7742813300000009	9.8242404800000003	9.8798016900000007	9.9398549500000009	10.0032905	10.069029499999999	10.136044399999999	10.2033706	10.270111999999999	10.335441599999999	10.398599600000001	10.4588885	10.5156679	10.568347599999999	10.6163816	10.6592606	10.6965059	10.727663400000001	10.752298100000001	10.769989600000001	10.780329200000001	10.7829175	10.7773646	10.7632911	10.740332	10.708142499999999	10.6664063	10.614846699999999	10.5532395	10.481429199999999	10.3993453	10.307020899999999	10.2046098	10.092401600000001	9.9708340300000007	9.8404984199999994	9.7021391399999999	9.5566443000000003	9.4050280100000005	9.2484045100000003	9.0879557599999998	8.9248946799999995	8.7604270999999994	8.5957154199999994	8.4318466399999998	8.2698070300000008	8.1104645099999999	7.9545588800000004	7.8026992799999997	7.6553673399999997	7.51292443	7.3756210900000001	7.2436070900000002	7.1169409000000003	6.9955977599999999	6.8794761600000003	6.7684029199999998	6.6621374199999996	6.56037582	6.4627563300000004	6.3688663200000004	6.2782523499999998	6.1904333100000004	6.1049170400000001	6.0212199499999999	5.9388886699999999	5.8575226300000001	5.77679572	5.6964755199999999	5.6164382599999998	5.5366784600000001	5.4573122300000003	5.3785741900000001	5.3008084200000001	5.22445439	5.15002928	SI=5 m	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	0.30025019600000002	0.300455955	0.30085431299999998	0.30163076700000002	0.30313923799999998	0.30603002600000001	0.31143952600000002	0.32123371299999998	0.33825897599999999	0.36650563000000003	0.41105918699999999	0.477738306	0.57241240100000002	0.700126209	0.86426431100000001	1.06600063	1.3041839500000001	1.5756600000000001	1.8758991300000001	2.1997389100000002	2.5420677399999998	2.8983393199999998	3.2648796999999998	3.6390028600000002	4.01897897	4.4039063499999997	4.7935316700000001	5.1880515100000002	5.5879173299999998	5.99365697	6.4057196699999999	6.8243487399999996	7.2494836400000002	7.6806927399999996	8.1171373500000001	8.5575665900000004	9.0003415100000002	9.4434855100000004	9.8847558699999993	10.3217303	10.751900600000001	11.1727664	11.581920200000001	11.9771199	12.3563422	12.717816600000001	13.0600395	13.381770299999999	13.6820118	13.9599799	14.215067100000001	14.4468011	14.654805700000001	14.838763999999999	14.998386999999999	15.133388699999999	15.243468099999999	15.328299100000001	15.387525500000001	15.420763900000001	15.4276108	15.4076559	15.3605012	15.2857859	15.183219100000001	15.052622299999999	14.893981500000001	14.7075116	14.4937302	14.2535373	13.988292599999999	13.6998794	13.3907381	13.063856599999999	12.7227043	12.371107500000001	12.013074899999999	11.6525932	11.293420599999999	10.938906599999999	10.591862799999999	10.254493999999999	9.9283917899999992	9.6145774100000008	9.3135795100000003	9.0255288399999998	8.75025561	8.4873790699999994	8.2363836999999993	7.9966796999999996	7.7676483699999999	7.5486741400000001	7.3391658	7.1385693899999998	6.9463748499999998	6.7621182199999996	6.5853807499999997	6.4157859500000001	6.2529952599999996	6.0967032200000002	5.9466326	5.8025303600000004	5.6641648099999999	5.5313247199999998	5.4038201399999997	5.2814848999999997	5.1641798799999998	5.0517959599999998	4.9442558400000003	4.8415137000000001	4.7435527400000002	4.65038061	4.56202343	4.4785190699999999	4.39991033	4.3262385700000001	4.25753804	4.1938310400000001	4.1351238600000002	4.0814035300000002	4.03263529	3.9887605499999998	3.9496955699999998	3.9153306200000002	3.8855296799999999	3.8601307500000002	3.8389467399999999	3.82176684	3.8083585700000002	3.79847022	3.7918336699999999	3.7881676299999998	3.7871809299999999	3.7885758699999998	3.79205148	3.7973065400000001	3.8040423900000002	3.8119653100000002	3.8207887600000001	3.8302353899999999	3.84003899	3.8499466099999999	3.8597211100000002	3.8691441800000002	3.8780202400000001	3.8861811300000002	3.89349181	3.89985691	3.9052278299999998	3.90961012	3.9130703900000001	3.9157423100000002	3.9178306300000001	3.9196128099999998	3.9214374599999999	3.9237194299999998	3.92693146	3.9315929500000002	3.9382565600000001	3.9474936500000002	3.95987987	3.9759818500000002	3.99634599	4.0214899300000004	4.0518967200000002	4.0880117199999999	4.1302415699999999	4.1789545500000003	4.2344815899999997	4.2971172299999996	4.3671196999999999	4.4447099300000001	4.5300690899999996	4.6233348699999999	4.7245967899999997	Age (years)

FF-log-tan (52)
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Total Tree Volume (m3)
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Total Tree Volume (m3)



DBH=20 cm	26.5	25.53627396442436	23.079090008346615	19.051568911833119	16.184217573671454	13.750030841277699	11.051741180358269	8.0286332405852328	4.8371317292144322	1.5858725956709563	0	0	1.935483870967742E-2	8.387096774193549E-2	0.2129032258064516	0.34193548387096773	0.47096774193548385	0.60000000000000009	0.72903225806451621	0.85806451612903234	0.98709677419354847	1	DBH=30 cm	36	34.977265205653595	31.888228112688573	26.20821589461119	21.718845804430547	18.189532111643622	14.531585228062767	10.344358267490181	5.8829778612985404	1.4183373667747396	0	0	1.935483870967742E-2	8.387096774193549E-2	0.2129032258064516	0.34193548387096773	0.47096774193548385	0.60000000000000009	0.72903225806451621	0.85806451612903234	0.98709677419354847	1	DBH=40 cm	45.5	44.355713064747789	41.195278565014455	34.643521929366869	28.419690322006865	23.032812414998897	17.865622691951753	12.191932509854585	6.3115363029941651	1.78418437448601	0	0	1.935483870967742E-2	8.387096774193549E-2	0.2129032258064516	0.34193548387096773	0.47096774193548385	0.60000000000000009	0.72903225806451621	0.85806451612903234	0.98709677419354847	1	DBH=50 cm	58	53.226855677697344	49.434334278017346	41.572226315240243	34.103628386408239	27.639374897998675	21.438747230342102	14.630319011825501	7.5738435635929982	2.1410212493832117	0	0	1.935483870967742E-2	8.387096774193549E-2	0.2129032258064516	0.34193548387096773	0.47096774193548385	0.60000000000000009	0.72903225806451621	0.85806451612903234	0.98709677419354847	1	Diameter Over Bark (cm)


Relative height



DBH=20 cm	23.124007483065206	5.6517213946655183	6.7153681335005242	8.5201833091866259	2.3564008065243893	9.3298884209003656	3.8754523227095592	2.1811890030398011	2.9410109148071499	0.97951385670965752	0	0	1.935483870967742E-2	8.387096774193549E-2	0.2129032258064516	0.34193548387096773	0.47096774193548385	0.60000000000000009	0.72903225806451621	0.85806451612903234	0.98709677419354847	1	DBH=30 cm	4.1982950813946989	11.328607490436184	5.4631999407861844	10.313521669202524	15.542575249225056	15.026652264090835	4.8276999226947215	4.5362800171754394	4.5515442984786718	0.72876723661636467	0	0	1.935483870967742E-2	8.387096774193549E-2	0.2129032258064516	0.34193548387096773	0.47096774193548385	0.60000000000000009	0.72903225806451621	0.85806451612903234	0.98709677419354847	1	DBH=40 cm	36.005769945298603	36.928924806067343	4.3175128088179777	22.572628702202383	17.518176559945701	14.890808590080507	6.5506355005753072	2.9179628344938986	1.6379861934790891	0.78203317717464194	0	0	1.935483870967742E-2	8.387096774193549E-2	0.2129032258064516	0.34193548387096773	0.47096774193548385	0.60000000000000009	0.72903225806451621	0.85806451612903234	0.98709677419354847	1	DBH=50 cm	15.505113683275656	6.914107221215402	33.841503589242926	29.006618636369716	27.960784971125729	7.6828355031771425	16.205942701740511	8.8363424142044948	4.1928457267023376	0.75473148873785612	0	0	1.935483870967742E-2	8.387096774193549E-2	0.2129032258064516	0.34193548387096773	0.47096774193548385	0.60000000000000009	0.72903225806451621	0.85806451612903234	0.98709677419354847	1	Diameter Over Bark (cm)


Relative height
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