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Abstract

Monitoring individual tree mortality at scale has been found to be crucial for un-
derstanding forest loss, ecosystem resilience, carbon fluxes, and climate-induced
impacts. However, the fine-granularity monitoring faces major challenges on
both the data and methodology sides because: (1) finding isolated individual-level
tree deaths requires high-resolution remote sensing images with broad coverage,
and (2) compared to regular geo-objects (e.g., buildings), dead trees often exhibit
weaker contrast and high variability across tree types, landscapes and ecosys-
tems. Existing datasets on tree mortality primarily rely on moderate-resolution
satellite imagery (e.g., 30m resolution), which aims to detect large-patch wipe-
outs but is unable to recognize individual-level tree mortality events. Several
efforts have explored alternatives via very-high-resolution drone imagery. How-
ever, drone images are highly expensive and can only be collected at local scales,
which are therefore not suitable for national-scale applications and beyond. To
bridge the gaps, we introduce TreeFinder, the first high-resolution remote sensing
benchmark dataset designed for individual-level tree mortality mapping across
the Contiguous United States (CONUS). Specifically, the dataset uses NAIP im-
agery at 0.6m resolution that provides wall-to-wall coverage of the entire CONUS.
TreeFinder contains images with pixel-level labels generated via extensive man-
ual annotation that covers forested areas in 48 states with over 23,000 hectares.
All annotations are rigorously validated using multi-temporal NAIP images and
auxiliary vegetation indices from remote sensing imagery. Moreover, TreeFinder
includes multiple evaluation scenarios to test the models’ ability in generaliz-
ing across different geographic regions, climate zones, and forests with different
plant function types. Finally, we develop benchmarks using a suite of seman-
tic segmentation models, including both convolutional architectures and more
recent foundation models based on vision transformers for general and remote
sensing images. Our dataset and code are publicly available on Kaggle and
GitHub: https://www.kaggle.com/datasets/zhihaow/tree-finder and
https://github.com/zhwang0/treefinder.

1 Introduction

Forests play a critical role in the ecological balance of the Earth, significantly influencing global
carbon cycles [20} 131]], biodiversity conservation [8, [7], climate regulation [35 29]], and water
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(@) An example of uniform forest in Illinois.

Figure 1: Examples of scattered tree mortality visualized with three spectral representations: (1) true-
color (R-G-B), (2) false-color (NIR-R-G), commonly used in remote sensing to highlight vegetation
in red, and (3) vegetation index (NDVI), where brighter colors indicate higher vegetation activities.

resources [9, [18]]. The health and stability of forests are increasingly threatened by widespread tree
mortality, which can substantially alter carbon storage, disrupt local ecosystems, and increase wildfire
risks [14] [32]). While tree wipe-outs as contiguous large patches (e.g. due to wildfire) can be
monitored using traditional moderate-resolution remote sensing platforms such as Landsat-8/9 at
30m resolution, scattered (i.e., not contiguous) but widespread tree deaths at the individual level have
been largely unmonitored. However, according to recent studies including a Nature Communications
article [13]], such scattered tree deaths have a substantial impact on forest loss and significantly
affect carbon budget and sequestration capacity, and serve as critical catalysts for future wildfires.
Therefore, accurate mapping and quantification of tree mortality in fine granularity are essential for
better ecological monitoring, precise carbon accounting, high-resolution fire risk assessment, and
effective forest management policies.

Despite its importance, identifying tree mortality at the individual level remains challenging due
to limitations in both data availability and methodological approaches. First, visual signatures of
scattered tree deaths are only available in high-resolution images, making traditional remote sensing
platforms unsuitable for this detection task. In addition, the high-resolution imagery must have
broad-scale geographical coverage (e.g., national level) to answer major carbon cycle questions
and inform critical policy and management decisions. Second, compared to traditional geospatial
objects or phenomena with sharp contrast and geometric patterns (e.g., buildings), dead trees often
present weaker contrast or higher similarity with the surrounding context that makes their pixels
harder to separate from the background environment, which may contain varying sunlight, shadows,
or landscapes. More importantly, the visual patterns and background contrasts of dead trees can
vary significantly across geographic regions due to different climate conditions, forest density, and
tree types [3,33]]. This makes it challenging to generalize learned Al models at scale in real-world
applications. Finally, the lack of labels that are widely distributed over geographic regions remains a
key bottleneck for developing generalizable models for large-scale monitoring.

While efforts have attempted to solve the tree mortality mapping problem, existing datasets are
limited in their applicability for monitoring individual-level tree deaths across broad geographical
scales. Most current products and monitoring systems are based on low or moderate resolution
satellite platforms, such as the 1km-resolution AVHRR imagery [[19] or 30m-resolution Landsat
imagery [30,22], which lack sufficient spatial details needed to map fine-granularity tree mortality,
including scattered tree deaths. Recent studies have also explored the use of drone imagery at very
high resolution (VHR), which is capable of identifying individual tree deaths in localized study sites
[43. 27)]. However, drone-based monitoring is highly expensive, which significantly constrains its
applicability at large scale. Note that even though the labels can be collected at different geographic
sites, in practice, it is cost-prohibitive to generate wall-to-wall maps (i.e., spatially contiguous full
maps) using these VHR images for applications beyond small local scales. These wall-to-wall maps,
though, are often required for scientific research and forest management due to heterogeneity [23].

To address these gaps, we introduce TreeFinder, the first high-resolution benchmark dataset designed
for individual-level tree mortality mapping across the Contiguous United States (CONUS). Specifi-
cally, the dataset uses NAIP imagery at 0.6m-resolution that provides wall-to-wall coverage for the
entire CONUS. TreeFinder contains images with pixel-level labels generated via extensive manual an-
notation that covers forested regions in 48 different states in CONUS with a total area of over 23,000
hectares. The high spatial resolution, combined with broad geographic coverage, offers opportunities
to enable accurate identification and delineation of individual tree deaths. Our dead tree annotations



are rigorously validated using multi-temporal data from NAIP imagery, ensuring the accuracy and
reliability of labeled dead trees. In addition to the dataset, we further implement a suite of machine
learning (ML) methods covering both segmentation models based on traditional convolutional neural
networks (CNNs) and more recent foundation models to establish performance benchmarks for
individual-level tree mortality monitoring. Finally, to facilitate the evaluation of ML models’ general-
izability under different scenarios, we associate additional metadata with each image patch to provide
information about its geographic location, climate zone, and primary tree type. Considering the large
degree of spatial variability, these scenarios are necessary to understand if an ML model is able to
maintain robust performance in different conditions, especially those not seen during training. Overall,
our TreeFinder dataset and benchmarking initiative not only address major gaps in existing datasets,
but also offer opportunities to advance machine learning methods for challenging ecological and
environmental science problems at a large scale with cross-region variability. Our open-source dataset
and code are available on Kagglehttps://www.kaggle.com/datasets/zhihaow/tree-finder
and GitHub https://github.com/zhwang0/treefinder. Our key contributions are summarized
as follows:

* We create a large-scale, high-resolution dataset covering 1,000 sites over 48 states in CONUS, with
a total area of 23,000 hectares. The 0.6m high-resolution NAIP images at each site are manually
annotated for dead trees at the pixel level using both visual features from single NAIP images and
temporal differences between multi-temporal NAIP images.

* We develop performance benchmarks using a suite of ML models, including traditional CNN-based
segmentation methods and more recent foundation models for general and remote sensing images.

* We integrate metadata on geographic locations, climate zones, and primary tree types to each image
patch to enable performance evaluation and model comparison under different scenarios and the
spatial variability challenge.

2 Related Work

Existing benchmark datasets on remote sensing semantic segmentation. Semantic segmentation
has gained increasing attention in the remote sensing domain, as large-scale, pixel-level classification
from satellite or aerial imagery provides important and detailed information for the monitoring of
diverse Earth surface conditions such as land cover types [37, 441, urban infrastructure [16}24]], and
crop growth [45] 5]. Several datasets have been developed for this purpose, including DeepGlobe
for land cover segmentation [15]], CropHarvest for global crop type mapping using both optical and
SAR satellite imagery [45], LoveDA for domain-adaptive segmentation across urban and rural scenes
[50], and SAMRS leveraging SAM and existing datasets [48]]. These datasets typically focus on
well-structured geospatial objects such as buildings, roads, and crop fields, which exhibit strong
spatial regularity and clear boundaries. Segmentation of geospatial objects with lower contrast
(e.g., individual-level tree deaths) on a large national scale using high-resolution images has been
underexplored in existing datasets, as well as generalization across different climate zones and
ecological conditions. Our experiments in Sec. show that such tasks indeed remain challenging
for current segmentation models.

Existing datasets on tree mortality monitoring. Existing datasets remain limited along several
critical dimensions, including spatial resolution, geographic coverage, and label availability. While
drone-based datasets offer very high spatial resolution (e.g., Almorox Crown Dataset [2], FOR-
instance [36]), their spatial coverage is highly constrained due to high operational cost, often restricted
to localized study areas (e.g., tens or a few hundred hectares). A recent work, deadtrees.earth [34], is
an encouraging platform effort aiming to support collaborations for tree mortality label collection.
However, the dataset relies on drone imagery, which offers centimeter-level resolution but is limited to
sample sites due to high cost, constraining its practical applicability for large-scale monitoring tasks.
Moreover, according to the paper, its images are biased toward forests located near human settlements
as they were originally collected for other purposes. As a result, the data may not be representative of
forest ecosystems. On the other hand, coarse-to-moderate resolution imagery from satellite platforms
makes large-scale coverage possible [40, |41} [38]], but the resolution only supports detecting dead
trees that form large and contiguous patches and the images lack necessary spatial details to capture
fine-granularity tree mortality patterns. Finally, aerial images offer new opportunities to consider
both the geographic coverage and resolution [[1,128]. For example, the National Agriculture Imagery
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Figure 2: Left: Distribution of the 1000 sites from the Contiguous US and example visualizations of
labeled tree deaths. Right: Illustrations of the validation process using multi-temporal images.

Program (NAIP) provides 0.6m resolution images over the entire CONUS region. However, existing
datasets have only considered local areas (e.g., the Sierra National Forest in California). In addition,
the samples are predominantly generated by ML models, and the manual labels are very limited and
not publicly shared. Finally, from the ML model evaluation and benchmarking perspective, existing
datasets lack ecological, climate, and geographic diversity, limiting their generalizability across forest
types, climatic conditions and locations. As a result, they are not practically suitable for developing
models for large-scale monitoring, e.g., national scales.

ML methods for satellite-based segmentation. Deep learning has driven major advances in
semantic segmentation. CNN architectures such as U-Net [39], DeepLabV3+ [10], and HRNet
[49] are widely adopted in satellite-based segmentation tasks thanks to their stable performance.
Recent advances in vision transformers (ViTs) have enabled more flexible and scalable modeling
of long-range dependencies. Models such as SegFormer [52] introduced hierarchical transformer
encoders with efficient multi-scale fusion, while Mask2Former [11]] and Segmenter [42] extend
transformers to class-agnostic and class-aware segmentation frameworks. In the geospatial domain,
foundation models like NASA-IBM Prithvi [26], Spectral GPT and DOFA [33] are pretrained
on large-scale satellite datasets and have demonstrated competitive performance. However, many of
them are pretrained using specific types of satellite images and the characteristics may not generalize
to other platforms. For example, Prithvi and Spectral GPT were pretrained using moderate-resolution
multispectral imagery (e.g., Sentinel-2, or Harmonized Landsat and Sentinel-2), where the special
designs along the spectral dimensions may not be suitable for platforms with high-resolution and
only a few bands (e.g., NAIP). With that said, these developments provide a diverse set of models for
our candidate model selection.

3 TreeFinder: Dataset Construction

3.1 Data Collection, Annotation, and Validation

TreeFinder aims to provide a CONUS-scale, publicly available, and ML-ready dataset using NAIP
imagery to support the development of ML-based segmentation methods that have strong general-
izability over geographic regions and beneficial for fine-granularity geo-event monitoring at large
scale. Specifically, NAIP provides 4-band aerial images including RGB and near-infrared (NIR)
channels, with a contiguous coverage over the entire CONUS area. As NAIP has undergone continued
enhancements over time, it has historically produced imagery at varying spatial resolutions, including
2m, 1 m, 0.6 m, and 0.3 m. The varying resolutions and different acquisition conditions (e.g., dates,



viewing angles, sunlight angles) make it challenging to construct a consistent multi-temporal dataset.
Thus, we only use the most recent high-resolution imagery collected after 2021, ensuring sufficient
spatial granularity required for high-quality, individual-level tree mortality mapping. A small subset
of post-2021 imagery is available at 0.3 m in a few regions, and we resampled these images to 0.6 m
to maintain a consistent resolution across all samples.

As the scope of TreeFinder focuses on forested areas, where individual-level tree mortality has been
shown to have substantial impact on forest health, carbon cycles and wildfire risks, we first use a
well-established, national-scale forest cover basemap [21] to define the geographic mask for the
sampling. From this mask, we randomly sample sites across the CONUS to generate manually
annotated labels for the dead trees. Specifically, we delineate the individual dead trees using polygon-
based tools through Google Earth Engine, a cloud-based platform hosting the full NAIP imagery
archive. One challenge during the labeling process is that the individual dead trees could have
similarity to bare ground when there is weak visual contrast, especially in cases of isolated, stand-
alone mortality or when shadows from neighboring trees partially obscure the crown. To mitigate this,
we utilize several strategies to confirm the class belongings as shown in Fig. [T} (1) We use multiple
spectral representations including the true-color composition using the default visible R-G-B channels,
the false-color composition with NIR-R-G channels that are commonly used in remote sensing to
highlight vegetation distributions, and indices such as the Normalized Difference Vegetation Index
(NDVI) to better observe vegetation activities. In false-color composition, vegetation is shown as
red, and in NDVI maps, pixels with brighter colors indicate higher vegetation activities. A tree is
delineated and labeled as dead if its crown is structurally distinct from neighboring trees and exhibits
complete canopy de-saturation (e.g., a consistent gray or brown color with no visible greenness) in
different multi-spectral visualizations. Moreover, we also validate the labels using multi-temporal
combinations of historical NAIP images. While the images can have a lower spatial resolution (1m) in
earlier years, they can still provide some visual cues (e.g. color shifts or structural changes) to inform
the annotations. Finally, the annotations undergo a cross-annotator assessment on a randomly selected
20% subset of the sites, achieving an agreement rate of over 95%. More details on annotations and
validations are available in the appendix. In total, we annotate NAIP images at 1,000 unique sites
across CONUS as shown in Fig.

To facilitate the evaluation of ML models’ generalizability under diverse conditions (detailed in Sec.
[3.3), we enrich each labeled NAIP image with metadata on geographic locations, climate conditions
and primary tree types. Specifically, we include information about latitude, longitude, and state for
each image to indicate its location. We also assign a Koppen—Geiger climate classification label to
each image using the latest gridded global product, which captures present climatic regimes based
on temperature and precipitation seasonality [4]. For tree type information, we overlay each NAIP
image with the Individual Tree Species Parameter Maps from the U.S. Department of Agriculture’s
Forest Service [46], which provide estimates of different tree type composition across forested areas
in the U.S. Each image is assigned its primary tree type based on the most frequent tree type. The
primary type is often used to reduce uncertainty in tree species mapping. Here we did not include the
detailed proportions of tree types for the same reason, and also because we are only using it for later
generalization tests across primary tree types.

3.2 ML-Ready Dataset Preparation

In this paper, the ML-ready dataset means that the data is preprocessed into standard input and
output formats for convenient use of ML model training and evaluation. Specifically, the raw NAIP
scenes and annotated polygons are converted to fixed-size, model-compatible image patches with
consistent spatial dimensions. Specifically, each annotated image is split into non-overlapping patches
of 224 x 224 pixels. Based on our visual inspection, a patch size of 224 x 224 is sufficiently large
to capture full details that are needed to identify individual-level dead trees. This leads to a total of
N = 15,489 image patches, and the input images form a tensor X € RN X224x224x4 with 4 bands in
each image, and the output labels form a tensor Y € {0, 1}V *224x224 where 1 indicates a pixel of
a dead tree. Finally, since aerial images do not always align with the orthogonal directions of the
geographic reference systems and their shapes may change after projection and ortho-rectification,
there are often areas with empty values in an image patch. Thus, we also provide a binary masking
layer M € {0, 1}7Y*224x224 6 help exclude the null pixels during evaluation. We provide the dataset
in multiple formats for convenience. First, we provide the original GeoTIFF format, which preserves
all the spatial referencing information (e.g., geographic coordinate system, projection) of each image



for visualization or further integration with other spatial data. Second, we develop and share a Python
library to load, filter, and batch the dataset based on user-defined criteria. This can convert the data
into other more direct formats for ML models: (1) Numpy array format, where the tensors are stored
as .npy files; and (2) TFRecords format, which supports easier usage with ML models.

3.3 Scenarios for Generalization Test

To more comprehensively assess the generalizability of ML models under diverse geographical,
climatic, and ecological conditions, we define four benchmarking scenarios: (1) baseline (easiest)
scenario with random sampling, (2) generalization over geographic regions, (3) generalization over
climate zones, and (4) generalization over different types of forests. There are certain connections
between generalization over geographic regions and generalization over climates and forest types, as
different climates or forest types are also in different regions. We include geographic generalization
as a separate scenario as it can be considered as an integration of many factors (e.g., different regional
management practices on forest recovery efforts), and it is common in practice to have labels highly
localized in certain regions. Each scenario represents a practical deployment situation, and these are
important to understand for applications, as the labeled set often only covers a small fraction of the
entire study area (e.g., CONUS) in large-scale monitoring tasks.

* Random split with incremental training sizes. In this baseline scenario, we evaluate the overall
model performance using a standard random split, where 20% of the labeled patches are held
out as a fixed test set. The remaining 80% of the dataset is used for training and validation, in
which we denote the training data ratio as a. To examine the influence of data size on model
performance, we subsample the training set as incremental proportions by varying a from 10%
to 80%, while keeping the test set fixed. The validation set is randomly sampled as 10% of the
training set. While the baseline scenario is the easiest among the four scenarios, the additional
evaluations with different training data proportions reflect real-world settings where labeled data
may be limited and help understand the model’s sensitivity to sample size.

* Cross-region scenarios. To test the spatial generalizability of different ML models on our
benchmark dataset, we consider the following splits: (1) Western-eastern split: The dataset is
divided into western and eastern regions of the CONUS, using the Mississippi River as a natural
boundary. Models are trained in one region and evaluated on the other. As explained earlier, the
variability across locations can be considered as an aggregation of factors including climates, forest
types, and others. (2) One state vs. all: This is a challenging scenario where the training samples
come from one single state and the evaluation is performed on all remaining states. To set up a
concrete example, we use Colorado as the single state for training, as the state is well-known for its
forested mountains, and the tree mortality problems have been widely observed and studied in the
area [S1}16]]. This setup also reflects practical scenarios where certain states start the monitoring
programs earlier on tree mortality events and thus contribute disproportionately to the training data
than others.

* Cross-climate scenarios. These scenarios evaluate model generalization across climate regimes by
training on data from one set of climate conditions and then test it on the others. First, we build
one group of climate zones that include Mediterranean, humid subtropical zone, humid continental
zone, etc., comprising approximately 50% of our dataset, and the remaining, such as the humid
subtropical climate zone, as the other group. Second, we consider a more challenging scenario,
where the training is performed on a climate zone with significantly smaller number of samples and
then tested on the rest of the zones. Specifically, we use the humid continental zone as the training
climate zone and the rest for testing.

* Cross-forest-type scenarios. Finally, we design scenarios to test model generalization across
different primary forest types. First, we construct a relatively easier case with a broad training
set consisting of the top five most frequent primary tree types—maple, pine, oak, Douglas fir, and
cottonwood-which together account for approximately 50% of all labeled samples. Models are
trained on this subset and evaluated on all other primary forest types. Second, we define a more
challenging generalization scenario, in which the model is trained using only one primary tree type,
maple, and evaluated on all others.

Metrics. Performance is evaluated using standard segmentation metrics, including precision, recall,
F1 score, intersection-over-union (IoU), and overall accuracy. The segmentation statistics across all



image patches are first aggregated together and then used to compute the final metrics, rather than
averaging per-patch values. Except for accuracy, the other metrics need to be calculated per class to
better reflect the model’s performance. Thus, we include both the metrics for the target class (dead
trees) and for both (average of the target class and background class) in the result tables.

4 Experiments

4.1 Candidate methods

To benchmark model performance, we consider a set of segmentation architectures covering both
CNN-based and transformer-based designs. This selection captures convolutional methods focusing
on localized feature extraction as well as more recent transformer-based foundation models pretrained
using both general images and remote sensing images. Specifically, we consider the following
candidate models:

* U-Net: An encoder—decoder network with skip connections. Our U-Net is trained from scratch to
provide a baseline with localized spatial modeling and no reliance on pretraining [39].

* DeepLabV3+: A CNN-based model with a ResNet-50 backbone, leveraging atrous spatial pyramid
pooling to aggregate multi-scale contextual features. The model was pretrained on ImageNet [10]
and we customized it with input and output modifications.

* Vision Transformer (ViT): A patch-based transformer with a lightweight transposed convolution
decoder that upsamples hidden features back to full resolution [17]. The model is pretrained
on ImageNet. Following common strategies, we added a segmentation head to customize it for
semantic segmentation [52].

* SegFormer: A hierarchical transformer architecture that is designed for semantic segmentation
[52]. It uses multi-scale feature encoding with a lightweight decoder, enabling better spatial
representation and hierarchical feature extraction. SegFormer was pretrained on pretrained on
ADE20k.

* Mask2Former: A transformer-based framework that combines a Swin-Tiny backbone with multi-
scale deformable attention and a class-agnostic mask prediction head [[12]. It models segmentation
as a set prediction task using masked attention, and we used the pretrained weights on ADE20K.

* DOFA: A multimodal foundation model specifically designed for remote sensing images [53].
It uses wavelengths to embed different spectral bands into a unified feature space, enabling the
learning of shared representations across channels. DOFA is pretrained on multi-sensor remote
sensing imagery, including Sentinel 1/2 and NAIP. As it is not limited to specific remote sensing
sensors and considers NAIP in pretraining, we included it as part of the evaluation. We did not
include Prithvi and Spectral GPT as they are specifically designed for multispectral images (e.g.,
10+ bands) and pretrained using moderate-resolution remote sensing images, which are largely
distinct from NAIP.

All models are trained using the training set of TreeFinder (varying by evaluation scenarios), or
fine-tuned if pretrained weights are available. We use a batch size of 32, an initial learning rate of
e~ with the Adam optimizer. All models are trained for up to 100 epochs using a combined loss
function from binary cross-entropy loss and dice loss to mitigate class imbalance issues. We also
applied early stopping based on validation loss to prevent overfitting. More details on training are
available in the appendix.

4.2 Results

Random split performance and impact of training size. Table[I|shows model performance under
a standard 80-20 random train-test split, using 10% of the training samples for validation. Among
all models, it is interesting to see that Mask2Former achieves the highest F1, precision, and IoU,
while U-Net has the highest precision. The differences between U-Net, DeepLabV3+, and SegFormer
are within 2-3% in this baseline scenario. DOFA did not perform well on the metrics compared to
the others, potentially due to the trade-off between its goal to cover broader sensing platforms with
different sets of spectral bands, and the performance on specific types of platforms. The accuracy for
all models remains very high because the problem has imbalanced class distribution where dead trees



Table 1: Results for the random split scenario (numbers shown as %), with standard deviations across
three runs. Best results are bolded.

Model F1 Precision Recall IoU Accuracy
Dead Tree All Dead Tree All Dead Tree All Dead Tree All All
U-Net 46.1+7.1 729+£35 357+6.8 67.8+34 65.6+52 826+2.6 30.1£59 648+£29 994+0.0
DeepLabV3+ 49.7+87 747+44 49.6+7.1 74735 499+£104 748+52 334+75 665+38 99.6+0.0
ViT 43.6+£9.0 71745 451+£82 724+41 429+119 713+59 282+74 639+37 99.6+0.0

SegFormer 478+£83 738+42 492+54 745%27 470%11.7 734+58 31.7+£74 657+37 99.6+0.1
Mask2Former 51.9+5.5 758+28 555+87 77.6+43 494+67 746+33 351%+51 674+2.6 99.6+0.0
DOFA 202+56 645+28 31.1+x29 654+14 286+9.1 642+45 172+£39 583%19 99.5+0.1

ViT DOFA

SegFormer

True Label U-Net DeepLabV3+ Mask2Former

¥

Colorado Connecticut

California

Figure 4: Visualization of example segmentation results from models trained with 80% of the dataset
under the random split scenario.

account for a small proportion of the total num-
ber of trees. However, their impact on forest
health and carbon stock potential is substantial
[13]. For example, if a tree dies, not only it will
no longer contribute to continued carbon seques-
tration, but also the existing carbon stock will be
taken away, turning to emissions. In Fig.[3] we
show the F1 score results by incrementally in-
creasing the training set size from 10% to 80%,
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its overall performance remains lower than the
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of results using models with 80% training data.
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Figure 3: F1 score vs. training data size.

Cross-region generalizability. Table[2] presents the results on model generalizability across dif-
ferent spatial regions. Compared to the model performance in the random split setting, the overall
performance in this test setting drops significantly. For example, the F1 score has up to 50% relative
decrease in the W-E scenario and 70% in the single-state scenario (Colorado - Others) , which con-
firms the increased difficulty of generalizing across geographic domains. Among these three scenarios,
SegFormer and Mask2Former take most of the top-ranking positions for F1 score, precision, and
IoU. U-Net shows the best performance in recall. It is worth noting that in the single-state scenario,
most models such as SegFormer and Mask2Former have higher precision than recall, whereas the
pattern is the opposite for U-Net, showing different model tendencies. DOFA and ViT in this case
still show relatively lower performance. Comparing the scenarios, W-E shows slightly better results



Table 2: Results for cross-region scenarios: E - W: train on eastern and test on western states; W - E:
train on western and test on eastern states; CO: train on Colorado and test on all other states. All
values are shown as %, and best values are bolded.

F1 Precision Recall ToU

Model Scenario Accuracy
Dead Tree All Dead Tree All Dead Tree All Dead Tree All
U-Net E-W 16.1 57.9 11.1 55.5 294 64.4 8.8 54.0 99.3
DeepLabV3+ E-W 20.5 60.2 20.8 60.3 20.3 60.0 114 55.5 99.6
ViT E-W 3.8 514 2.1 51.0 16.9 57.5 1.9 499 97.9
SegFormer E-W 21.8 60.8 18.1 59.0 27.3 63.5 12.2 55.9 99.5
Mask2Former E-W 21.6 60.7 23.8 61.8 19.8 59.8 12.1 55.9 99.7
DOFA E-W 4.8 52.0 2.8 51.3 18.4 58.4 2.4 50.3 98.2
U-Net W-E 13.9 56.8 40.8 70.2 8.4 54.2 7.5 53.5 99.5
DeepLabV3+ W-E 15.0 57.4 41.2 70.4 9.1 54.5 8.1 53.8 99.5
ViT W-E 13.4 56.6 249 62.2 9.2 54.5 7.2 53.3 99.5
SegFormer W-E 22.8 61.3 38.7 69.2 16.1 58.0 12.8 56.2 99.5
Mask2Former W-E 21.4 60.6 38.5 69.1 14.8 57.4 12.0 55.8 99.5
DOFA W-E 44 52.0 7.0 53.3 32 51.5 2.2 50.8 99.4
U-Net CcO 10.2 54.4 5.8 52.8 40.1 68.8 5.4 51.3 97.3
DeepLabV3+ CcO 15.4 57.6 20.2 59.9 12.5 56.2 8.4 53.9 99.5
ViT CcO 6.3 53.0 13.1 56.4 4.1 52.0 32 514 99.5
SegFormer CcO 17.5 58.7 27.8 63.7 12.8 56.3 9.6 54.6 99.5
Mask2Former CcO 11.6 55.7 29.7 64.7 7.2 53.6 6.1 52.9 99.6
DOFA CcO 10.2 54.9 10.2 55.0 10.2 54.9 54 524 99.3

Table 3: Performance across shifted domains in climate zones and primary tree types. All values are
percentages %, and best values are bolded.
F1 Precision Recall IoU

Model Scenario Accuracy
Dead Tree All  Dead Tree All Dead Tree All Dead Tree All
U-Net Climate 18.6 59.1 17.3 58.5 20.1 59.8 10.3 54.8 99.3
DeepLabV3+ Climate 25.8 62.8 314 65.5 21.9 60.9 14.8 572 99.5
ViT Climate 21.6 60.7 234 61.5 20.1 59.9 12.1 55.8 99.4
SegFormer Climate 28.0 63.9 33.7 66.7 24.0 61.9 16.3 57.9 99.5
Mask2Former Climate 29.8 64.7 25.0 62.4 36.8 68.2 17.5 58.4 99.3
DOFA Climate 12.9 56.3 15.7 57.6 10.9 55.3 6.9 53.1 99.4
U-Net Climate-hard 19.9 59.8 26.2 62.9 16.1 58.0 11.1 55.3 99.5
DeepLabV3+  Climate-hard 18.0 58.9 36.2 67.9 12.0 56.0 9.9 54.7 99.6
ViT Climate-hard 114 55.6 22.7 61.2 7.6 53.7 6.0 52.8 99.5

SegFormer Climate-hard 22.6 61.2 33.1 66.4 17.1 58.5 12.7 56.1 99.5
Mask2Former ~ Climate-hard 15.4 57.6 45.8 72.7 9.2 54.6 8.3 54.0 99.6
DOFA Climate-hard 4.7 52.1 39 51.8 6.0 52.7 2.4 50.7 99.0

U-Net Forest 35.3 67.5 343 67.0 36.3 68.0 21.4 60.4 99.5
DeepLabV3+ Forest 36.1 67.9 36.9 68.3 353 67.5 22.0 60.8 99.5
ViT Forest 26.5 63.1 273 63.5 25.8 62.8 153 574 99.4
SegFormer Forest 40.1 69.9 41.5 70.7 38.7 69.2 25.1 62.3 99.5
Mask2Former Forest 38.6 69.2 36.8 68.3 40.6 70.1 23.9 61.7 99.5
DOFA Forest 13.9 56.8 14.4 57.0 13.3 56.5 75 534 99.4
U-Net Forest-hard 14.7 57.0 9.6 54.7 31.5 65.3 7.9 53.3 98.8
DeepLabV3+  Forest-hard 21.5 60.7 27.5 63.6 17.7 58.8 12.1 55.8 99.6
ViT Forest-hard 19.9 59.7 14.5 57.1 31.7 65.5 11.1 55.1 99.1
SegFormer Forest-hard 37.7 68.7 38.3 69.0 371 68.5 23.2 61.4 99.6
Mask2Former ~ Forest-hard 11.1 55.4 10.4 55.0 11.9 55.8 5.9 52.6 99.4
DOFA Forest-hard 14.3 56.9 11.2 55.4 20.0 59.7 7.7 534 99.1

compared to E-W on average. The reason could be that the west side covers more conditions (e.g.,
local climates) or the task there is more challenging with less contrast to the background landscape.
The single state case shows significantly reduced scores due to the lack of sufficient representative
samples.

Cross-climate and cross-forest-type generalizability. The results for cross-climate and cross-
forest-type generalization are shown in Table[3] We skipped the results for train-test group swaps (i.e.,
similarly like the 2nd row "W-E" in Table due to the space limit, and the full tables are available
in the appendix. In Table[3] "Climate" and "Forest" represent the relatively easier scenarios where
about half of the data from certain climate zones or forest types are used for training and the rest



for testing. The "-hard" modes are the cases where only one climate zone or forest type is used as
training, as described in Sec. [3.3] The general trend is similar as before, where major decreases
in scores are observed compared to the random-split case due to the intrinsically higher difficulty.
Overall, SegFormer tends to have the top-tier performances (i.e., top or very close to top) in F1 score
and IoU, demonstrating its consistency. Mask2Former also received the top F1 score, Recall, and IoU
in two cases, though followed tightly by SegFormer. As expected, performance drops again notably
in the single-vs-all scenarios (i.e., the "-hard" modes in the table), reflecting the difficulty of current
models’ generalizability in unseen conditions. However, this is a frequently encountered situation in
large-scale mapping that need new developments. In comparison to Table 2] the results are slightly
better, likely because in cross-region situations, there are more factors contributing to the variability,
further reducing the representativeness of highly localized samples.

5 Conclusion and Limitations

TreeFinder offers a high-resolution, large-scale benchmark dataset for individual-level tree mortality
mapping with extensive manual labels. Spanning 1,000 sites over 48 states in the CONUS with a
23,000-hectare coverage, TreeFinder supports the development of ML models capable of identifying
these fine-granularity events with less contrast over different geographic regions. The dataset is
enriched with metadata on climate zones and primary forest types to facilitate generalization tests
under various scenarios. We consider a suite of baseline models including both convolutional and
ViT-based foundational models across a wide range of generalization scenarios. Our benchmarking
experiments highlight the challenges of model generalization across geographic, climate, and forest
type conditions and the needs for further model developments. The dataset and corresponding Python
libraries are shared to support convenient data usage.

Limitations and future directions. Despite its scale and scope, TreeFinder has several limitations.
First, NAIP offers near wall-to-wall coverage across CONUS, but is not available at the global
scale. Future expansions may include other regions with wall-to-wall coverage of high-resolution
images at national-scale (e.g., from Switzerland) or commercial satellites such as WorldView-3,
which offer similar spatial resolution to NAIP over the globe, though the data may not be publicly
available for free. Second, the dataset has not yet considered challenges related to the changes in
NAIP dataset itself, including the change of resolution over time. Currently, we only included recent
years’ images at 0.6m resolution, and future extensions are needed to include 1m resolution data to
support cross-resolution model development. Third, our evaluation has not considered cases for active
learning, meta-learning, etc. The presented scenarios are most commonly encountered situations in
practical applications, but future extensions should develop standard testing cases for different types
of training strategies as well. We may also explore the applications of emerging general-purpose
vision foundation models (e.g., SAM2 and DINOV2) for this challenging segmentation task. Finally,
TreeFinder has not considered integration of multiple data sources (e.g., NAIP in combination with
other lower-resolution platforms with richer multispectral infomration).
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NeurlIPS Paper Checklist

The checklist is designed to encourage best practices for responsible machine learning research,
addressing issues of reproducibility, transparency, research ethics, and societal impact. Do not remove
the checklist: The papers not including the checklist will be desk rejected. The checklist should
follow the references and follow the (optional) supplemental material. The checklist does NOT count
towards the page limit.

Please read the checklist guidelines carefully for information on how to answer these questions. For
each question in the checklist:

¢ You should answer [Yes] , ,or [NA].

* [NA] means either that the question is Not Applicable for that particular paper or the
relevant information is Not Available.

* Please provide a short (1-2 sentence) justification right after your answer (even for NA).

The checklist answers are an integral part of your paper submission. They are visible to the
reviewers, area chairs, senior area chairs, and ethics reviewers. You will be asked to also include it
(after eventual revisions) with the final version of your paper, and its final version will be published
with the paper.

The reviewers of your paper will be asked to use the checklist as one of the factors in their evaluation.
While "[Yes] " is generally preferable to " ", itis perfectly acceptable to answer " " provided a
proper justification is given (e.g., "error bars are not reported because it would be too computationally
expensive" or "we were unable to find the license for the dataset we used"). In general, answering
" "or "[NA] " is not grounds for rejection. While the questions are phrased in a binary way, we
acknowledge that the true answer is often more nuanced, so please just use your best judgment and
write a justification to elaborate. All supporting evidence can appear either in the main paper or the
supplemental material, provided in appendix. If you answer [Yes] to a question, in the justification
please point to the section(s) where related material for the question can be found.

IMPORTANT, please:

* Delete this instruction block, but keep the section heading ‘“NeurIPS Paper Checklist",
* Keep the checklist subsection headings, questions/answers and guidelines below.
* Do not modify the questions and only use the provided macros for your answers.

1. Claims

Question: Do the main claims made in the abstract and introduction accurately reflect the
paper’s contributions and scope?

Answer: [Yes]
Justification: The claims in the abstract are detailed in the paper with evidence.
Guidelines:

e The answer NA means that the abstract and introduction do not include the claims
made in the paper.

* The abstract and/or introduction should clearly state the claims made, including the
contributions made in the paper and important assumptions and limitations. A No or
NA answer to this question will not be perceived well by the reviewers.

* The claims made should match theoretical and experimental results, and reflect how
much the results can be expected to generalize to other settings.

* It is fine to include aspirational goals as motivation as long as it is clear that these goals
are not attained by the paper.

2. Limitations
Question: Does the paper discuss the limitations of the work performed by the authors?
Answer: [Yes]

Justification: We explicitly discuss the limitations in the conclusion and future work.
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Guidelines:

* The answer NA means that the paper has no limitation while the answer No means that
the paper has limitations, but those are not discussed in the paper.

 The authors are encouraged to create a separate "Limitations" section in their paper.

The paper should point out any strong assumptions and how robust the results are to
violations of these assumptions (e.g., independence assumptions, noiseless settings,
model well-specification, asymptotic approximations only holding locally). The authors
should reflect on how these assumptions might be violated in practice and what the
implications would be.

* The authors should reflect on the scope of the claims made, e.g., if the approach was
only tested on a few datasets or with a few runs. In general, empirical results often
depend on implicit assumptions, which should be articulated.

* The authors should reflect on the factors that influence the performance of the approach.
For example, a facial recognition algorithm may perform poorly when image resolution
is low or images are taken in low lighting. Or a speech-to-text system might not be
used reliably to provide closed captions for online lectures because it fails to handle
technical jargon.

* The authors should discuss the computational efficiency of the proposed algorithms
and how they scale with dataset size.

If applicable, the authors should discuss possible limitations of their approach to
address problems of privacy and fairness.

* While the authors might fear that complete honesty about limitations might be used by
reviewers as grounds for rejection, a worse outcome might be that reviewers discover
limitations that aren’t acknowledged in the paper. The authors should use their best
judgment and recognize that individual actions in favor of transparency play an impor-
tant role in developing norms that preserve the integrity of the community. Reviewers
will be specifically instructed to not penalize honesty concerning limitations.

3. Theory assumptions and proofs

Question: For each theoretical result, does the paper provide the full set of assumptions and
a complete (and correct) proof?

Answer: [NA]
Justification: This dataset and evaluation does not cover theoretical results.
Guidelines:

» The answer NA means that the paper does not include theoretical results.

 All the theorems, formulas, and proofs in the paper should be numbered and cross-
referenced.

* All assumptions should be clearly stated or referenced in the statement of any theorems.

* The proofs can either appear in the main paper or the supplemental material, but if
they appear in the supplemental material, the authors are encouraged to provide a short
proof sketch to provide intuition.

* Inversely, any informal proof provided in the core of the paper should be complemented
by formal proofs provided in appendix or supplemental material.

* Theorems and Lemmas that the proof relies upon should be properly referenced.
4. Experimental result reproducibility

Question: Does the paper fully disclose all the information needed to reproduce the main ex-
perimental results of the paper to the extent that it affects the main claims and/or conclusions
of the paper (regardless of whether the code and data are provided or not)?

Answer: [Yes]

Justification: We share the dataset and codes, and all experiment settings are included into
the code.

Guidelines:

* The answer NA means that the paper does not include experiments.
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* If the paper includes experiments, a No answer to this question will not be perceived
well by the reviewers: Making the paper reproducible is important, regardless of
whether the code and data are provided or not.

If the contribution is a dataset and/or model, the authors should describe the steps taken
to make their results reproducible or verifiable.

Depending on the contribution, reproducibility can be accomplished in various ways.
For example, if the contribution is a novel architecture, describing the architecture fully
might suffice, or if the contribution is a specific model and empirical evaluation, it may
be necessary to either make it possible for others to replicate the model with the same
dataset, or provide access to the model. In general. releasing code and data is often
one good way to accomplish this, but reproducibility can also be provided via detailed
instructions for how to replicate the results, access to a hosted model (e.g., in the case
of a large language model), releasing of a model checkpoint, or other means that are
appropriate to the research performed.

While NeurIPS does not require releasing code, the conference does require all submis-

sions to provide some reasonable avenue for reproducibility, which may depend on the

nature of the contribution. For example

(a) If the contribution is primarily a new algorithm, the paper should make it clear how
to reproduce that algorithm.

(b) If the contribution is primarily a new model architecture, the paper should describe
the architecture clearly and fully.

(c) If the contribution is a new model (e.g., a large language model), then there should
either be a way to access this model for reproducing the results or a way to reproduce
the model (e.g., with an open-source dataset or instructions for how to construct
the dataset).

(d) We recognize that reproducibility may be tricky in some cases, in which case
authors are welcome to describe the particular way they provide for reproducibility.
In the case of closed-source models, it may be that access to the model is limited in
some way (e.g., to registered users), but it should be possible for other researchers
to have some path to reproducing or verifying the results.

5. Open access to data and code

Question: Does the paper provide open access to the data and code, with sufficient instruc-
tions to faithfully reproduce the main experimental results, as described in supplemental
material?

Answer: [Yes]

Justification: The code is open-sourced on GitHub and dataset is shared with sufficient
details.

Guidelines:

» The answer NA means that paper does not include experiments requiring code.

¢ Please see the NeurIPS code and data submission guidelines (https://nips.cc/
public/guides/CodeSubmissionPolicy) for more details.

* While we encourage the release of code and data, we understand that this might not be
possible, so “No” is an acceptable answer. Papers cannot be rejected simply for not
including code, unless this is central to the contribution (e.g., for a new open-source
benchmark).

* The instructions should contain the exact command and environment needed to run to
reproduce the results. See the NeurIPS code and data submission guidelines (https:
//nips.cc/public/guides/CodeSubmissionPolicy) for more details.

* The authors should provide instructions on data access and preparation, including how
to access the raw data, preprocessed data, intermediate data, and generated data, etc.

* The authors should provide scripts to reproduce all experimental results for the new
proposed method and baselines. If only a subset of experiments are reproducible, they
should state which ones are omitted from the script and why.

* At submission time, to preserve anonymity, the authors should release anonymized
versions (if applicable).
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* Providing as much information as possible in supplemental material (appended to the
paper) is recommended, but including URLSs to data and code is permitted.

6. Experimental setting/details

Question: Does the paper specify all the training and test details (e.g., data splits, hyper-
parameters, how they were chosen, type of optimizer, etc.) necessary to understand the
results?

Answer: [Yes]

Justification: The splits and evaluation scenarios are explicitly discussed with reasons
explained.

Guidelines:

» The answer NA means that the paper does not include experiments.

* The experimental setting should be presented in the core of the paper to a level of detail
that is necessary to appreciate the results and make sense of them.

* The full details can be provided either with the code, in appendix, or as supplemental
material.

7. Experiment statistical significance

Question: Does the paper report error bars suitably and correctly defined or other appropriate
information about the statistical significance of the experiments?

Answer:

Justification: Our primary goal is to establish baseline performance and benchmark gen-
eralization behavior across ecological and spatial domains using a fixed dataset split and
deterministic training pipeline. Due to computational cost and the focus on large-scale
coverage, we report single-run results without variance estimates. However, the performance
differences between methods—especially across generalization settings—are large and
consistent across scenarios, which qualitatively supports the main findings.

Guidelines:

» The answer NA means that the paper does not include experiments.

* The authors should answer "Yes" if the results are accompanied by error bars, confi-
dence intervals, or statistical significance tests, at least for the experiments that support
the main claims of the paper.

* The factors of variability that the error bars are capturing should be clearly stated (for
example, train/test split, initialization, random drawing of some parameter, or overall
run with given experimental conditions).

* The method for calculating the error bars should be explained (closed form formula,
call to a library function, bootstrap, etc.)

* The assumptions made should be given (e.g., Normally distributed errors).

¢ It should be clear whether the error bar is the standard deviation or the standard error
of the mean.

* It is OK to report 1-sigma error bars, but one should state it. The authors should
preferably report a 2-sigma error bar than state that they have a 96% CI, if the hypothesis
of Normality of errors is not verified.

* For asymmetric distributions, the authors should be careful not to show in tables or
figures symmetric error bars that would yield results that are out of range (e.g. negative
error rates).

o If error bars are reported in tables or plots, The authors should explain in the text how
they were calculated and reference the corresponding figures or tables in the text.

8. Experiments compute resources

Question: For each experiment, does the paper provide sufficient information on the com-
puter resources (type of compute workers, memory, time of execution) needed to reproduce
the experiments?

Answer: [Yes]

Justification: We describe the computing resource information is details.
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Guidelines:

* The answer NA means that the paper does not include experiments.

* The paper should indicate the type of compute workers CPU or GPU, internal cluster,
or cloud provider, including relevant memory and storage.

* The paper should provide the amount of compute required for each of the individual
experimental runs as well as estimate the total compute.

* The paper should disclose whether the full research project required more compute
than the experiments reported in the paper (e.g., preliminary or failed experiments that
didn’t make it into the paper).

9. Code of ethics

Question: Does the research conducted in the paper conform, in every respect, with the
NeurIPS Code of Ethics https://neurips.cc/public/EthicsGuidelines?

Answer: [Yes]
Justification: Yes, we follow the Code of Ethics.
Guidelines:

* The answer NA means that the authors have not reviewed the NeurIPS Code of Ethics.

* If the authors answer No, they should explain the special circumstances that require a
deviation from the Code of Ethics.

* The authors should make sure to preserve anonymity (e.g., if there is a special consid-
eration due to laws or regulations in their jurisdiction).

10. Broader impacts

Question: Does the paper discuss both potential positive societal impacts and negative
societal impacts of the work performed?

Answer: [Yes]

Justification: Yes, when discussing future work to mitigate spatial bias using heterogeneity-
aware learning.

Guidelines:

* The answer NA means that there is no societal impact of the work performed.

o If the authors answer NA or No, they should explain why their work has no societal
impact or why the paper does not address societal impact.

» Examples of negative societal impacts include potential malicious or unintended uses
(e.g., disinformation, generating fake profiles, surveillance), fairness considerations
(e.g., deployment of technologies that could make decisions that unfairly impact specific
groups), privacy considerations, and security considerations.

* The conference expects that many papers will be foundational research and not tied
to particular applications, let alone deployments. However, if there is a direct path to
any negative applications, the authors should point it out. For example, it is legitimate
to point out that an improvement in the quality of generative models could be used to
generate deepfakes for disinformation. On the other hand, it is not needed to point out
that a generic algorithm for optimizing neural networks could enable people to train
models that generate Deepfakes faster.

* The authors should consider possible harms that could arise when the technology is
being used as intended and functioning correctly, harms that could arise when the
technology is being used as intended but gives incorrect results, and harms following
from (intentional or unintentional) misuse of the technology.

* If there are negative societal impacts, the authors could also discuss possible mitigation
strategies (e.g., gated release of models, providing defenses in addition to attacks,
mechanisms for monitoring misuse, mechanisms to monitor how a system learns from
feedback over time, improving the efficiency and accessibility of ML).

11. Safeguards

Question: Does the paper describe safeguards that have been put in place for responsible
release of data or models that have a high risk for misuse (e.g., pretrained language models,
image generators, or scraped datasets)?
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12.

13.

14.

Answer: [NA]

Justification: Our tree mortality dataset is rigorously valid with strict criteria and aims to
reflect the potential dead tree events. It does not have risk information for misuse.

Guidelines:

» The answer NA means that the paper poses no such risks.

* Released models that have a high risk for misuse or dual-use should be released with
necessary safeguards to allow for controlled use of the model, for example by requiring
that users adhere to usage guidelines or restrictions to access the model or implementing
safety filters.

 Datasets that have been scraped from the Internet could pose safety risks. The authors
should describe how they avoided releasing unsafe images.

* We recognize that providing effective safeguards is challenging, and many papers do
not require this, but we encourage authors to take this into account and make a best
faith effort.

Licenses for existing assets

Question: Are the creators or original owners of assets (e.g., code, data, models), used in
the paper, properly credited and are the license and terms of use explicitly mentioned and
properly respected?

Answer: [Yes]
Justification: We cite all products and models used in this paper.
Guidelines:

* The answer NA means that the paper does not use existing assets.
* The authors should cite the original paper that produced the code package or dataset.

* The authors should state which version of the asset is used and, if possible, include a
URL.

* The name of the license (e.g., CC-BY 4.0) should be included for each asset.

* For scraped data from a particular source (e.g., website), the copyright and terms of
service of that source should be provided.

 If assets are released, the license, copyright information, and terms of use in the
package should be provided. For popular datasets, paperswithcode.com/datasets
has curated licenses for some datasets. Their licensing guide can help determine the
license of a dataset.

* For existing datasets that are re-packaged, both the original license and the license of
the derived asset (if it has changed) should be provided.

* If this information is not available online, the authors are encouraged to reach out to
the asset’s creators.
New assets

Question: Are new assets introduced in the paper well documented and is the documentation
provided alongside the assets?

Answer: [Yes]
Justification: The new asset is well documented in the paper.
Guidelines:

* The answer NA means that the paper does not release new assets.

* Researchers should communicate the details of the dataset/code/model as part of their
submissions via structured templates. This includes details about training, license,
limitations, etc.

* The paper should discuss whether and how consent was obtained from people whose
asset is used.

* At submission time, remember to anonymize your assets (if applicable). You can either
create an anonymized URL or include an anonymized zip file.

Crowdsourcing and research with human subjects
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15.

16.

Question: For crowdsourcing experiments and research with human subjects, does the paper
include the full text of instructions given to participants and screenshots, if applicable, as
well as details about compensation (if any)?

Answer: [NA]
Justification: We do not have research with human subjects.
Guidelines:
* The answer NA means that the paper does not involve crowdsourcing nor research with
human subjects.

* Including this information in the supplemental material is fine, but if the main contribu-
tion of the paper involves human subjects, then as much detail as possible should be
included in the main paper.

* According to the NeurIPS Code of Ethics, workers involved in data collection, curation,
or other labor should be paid at least the minimum wage in the country of the data
collector.

Institutional review board (IRB) approvals or equivalent for research with human
subjects

Question: Does the paper describe potential risks incurred by study participants, whether
such risks were disclosed to the subjects, and whether Institutional Review Board (IRB)
approvals (or an equivalent approval/review based on the requirements of your country or
institution) were obtained?

Answer: [NA]
Justification: Same as above.
Guidelines:
* The answer NA means that the paper does not involve crowdsourcing nor research with
human subjects.

* Depending on the country in which research is conducted, IRB approval (or equivalent)
may be required for any human subjects research. If you obtained IRB approval, you
should clearly state this in the paper.

* We recognize that the procedures for this may vary significantly between institutions
and locations, and we expect authors to adhere to the NeurIPS Code of Ethics and the
guidelines for their institution.

* For initial submissions, do not include any information that would break anonymity (if
applicable), such as the institution conducting the review.
Declaration of LLM usage

Question: Does the paper describe the usage of LLMs if it is an important, original, or
non-standard component of the core methods in this research? Note that if the LLM is used
only for writing, editing, or formatting purposes and does not impact the core methodology,
scientific rigorousness, or originality of the research, declaration is not required.

Answer: [NA]
Justification: We only used ChatGPT for editing and proofreading our manuscript.
Guidelines:

* The answer NA means that the core method development in this research does not
involve LLMs as any important, original, or non-standard components.

* Please refer to our LLM policy (https://neurips.cc/Conferences/2025/LLM)
for what should or should not be described.
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Appendix

A Dataset Generation

A.1 Annotation Details

The labeling of dead trees was performed using the Google Earth Engine (GEE) platform with NAIP
imagery (0.6m resolution). Imagery for each state was loaded using GEE scripts that filtered the
NAIP collection by date and the state boundary. Visualization layers were configured with both true
color (RGB) and false color (NIR-R—G) composites to aid visual interpretation. The false color
combination enhances the spectral contrast between healthy and dead vegetation by emphasizing
near-infrared reflectance differences.

The tree mortality labeling followed a strict and consistent set of criteria to ensure consistency and
accuracy. For visualization, annotators first inspected a false-color composite to detect potential
dead trees and then double-checked the observations using a true-color image. In terms of crown
condition, a tree was considered for labeling only if at least half of its crown appeared visibly dead,
indicated by discoloration toward the crown’s edge or trunk, fuzziness, or exposed branches. The
certainty threshold required that a tree appear clearly dead in both visualization modes before a
label was assigned. To be more consistent in labeling and have higher certainty, annotators avoided
over-labeling for trees that were brown but did not have structural indicators of mortality. Additionally,
discoloration or standing branches that might have been attributable to seasonal senescence rather
than mortality were further investigated through historical imagery to verify the tree’s living status
before a label was finalized.

Annotations were drawn manually using GEE’s geometry tools, with one polygon per dead crown
(or in some cases, connected dead patch). Each polygon contained at least ten pixels to maintain
consistency and avoid mislabeling tiny ambiguous regions. Polygons were stored as feature collections
in GEE, rasterized to binary masks (dead = 1, background = 0), and exported with the corresponding
NAIP tiles. A custom function handled rasterization and reprojection at a spatial resolution of 0.6m.

A.2 Validation Details

We validated our annotations following a standard protocol. Specifically, a stratified random sampling
approach was used for validation sample collection, with sample size proportional to the total
labeled area in each state. Each annotator provided 20% random samples from their labeled tiles
for validation. Both commission (false positives) and omission (false negatives) were counted as
disagreements between the annotator and validator. The final count of disaggreements were recorded
for a consensus review. During the consensus review, each validator presented each disagreement and
provided supporting visual evidence, while annotators were given the opportunity to explain their
interpretation, including showing the historical images if necessary. All participants then voted on
whether each disputed sample should be retained or removed from the final dataset. The resulting
dataset represents a majority-voted consensus designed to minimize individual bias and ensure
consistent labeling quality. The final agreement score was calculated as the number of correctly
assigned labels divided by the total number of labels, leading to about 97% cross-annotator agreement.

B Training details

All benchmark models were trained or fine-tuned (when pretrained weights were available) using the
TreeFinder dataset. The training of all models were performed with a batch size of 32 and a maximum
of 100 epochs with early stopping. We used a composite loss function combining Binary Cross-
Entropy (BCE) loss and Dice loss to address class imbalance and improve segmentation performance.
Although we experimented with Focal Loss, commonly used for imbalanced classification, we found
it yielded similar performance to BCE and therefore did not include it in the final benchmarks. All
models were optimized using the AdamW optimizer with a weight decay of 0.01 and an initial
learning rate of 1 x 10~%, decayed over time using an ExponentialLR scheduler. Early stopping was
applied based on validation loss with a patience of 5 epochs to prevent overfitting. Fig.[5|shows the
loss changes in training and validation dataset for the random split experiment, where 80% of the
dataset is used for training and 10% of the training set is reserved for validation. Both training and
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Figure 5: Training and validation loss curves for the random split experiment, where 80% of the
dataset is used for training and 10% of the training set is reserved for validation.

Table 4: Performance across shifted domains in climate zones. The climate-swap scenario is added
as a complementary part of Table 3 in the main paper. All values are percentages %, and best values

are bolded.
Model Scenario F1 Precision Recall IoU Accuracy
Dead Tree All  Dead Tree All Dead Tree All Dead Tree All
U-Net Climate 18.6 59.1 17.3 58.5 20.1 59.8 10.3 54.8 99.3
DeepLabV3+ Climate 25.8 62.8 31.4 65.5 219 60.9 14.8 572 99.5
ViT Climate 21.6 60.7 234 61.5 20.1 59.9 12.1 55.8 99.4
SegFormer Climate 28.0 63.9 337 66.7 24.0 61.9 16.3 57.9 99.5
Mask2Former Climate 29.8 64.7 25.0 62.4 36.8 68.2 17.5 58.4 99.3
DOFA Climate 12.9 56.3 15.7 57.6 10.9 55.3 6.9 53.1 99.4
U-Net Climate-swap 29.9 64.9 449 72.3 224 61.2 17.6 58.6 99.7
DeepLabV3+  Climate-swap 31.2 65.5 42.7 71.2 24.6 62.2 18.5 59.1 99.7
ViT Climate-swap 23.8 61.8 30.1 64.9 19.7 59.8 13.5 56.6 99.6
SegFormer Climate-swap 34.9 67.4 46.5 73.1 28.0 63.9 21.1 60.4 99.7
Mask2Former ~ Climate-swap 355 67.7 45.6 72.7 29.0 64.5 21.6 60.6 99.7
DOFA Climate-swap 17.9 589 22.5 61.1 14.9 574 9.9 54.7 99.6
U-Net Climate-hard 19.9 59.8 26.2 62.9 16.1 58.0 11.1 55.3 99.5
DeepLabV3+  Climate-hard 18.0 58.9 36.2 67.9 12.0 56.0 9.9 54.7 99.6
ViT Climate-hard 114 55.6 22.7 61.2 7.6 53.7 6.0 52.8 99.5
SegFormer Climate-hard 22.6 61.2 33.1 66.4 17.1 58.5 12.7 56.1 99.5
Mask2Former  Climate-hard 15.4 57.6 45.8 72.7 9.2 54.6 8.3 54.0 99.6
DOFA Climate-hard 4.7 52.1 39 51.8 6.0 52.7 2.4 50.7 99.0

validation curves gradually decrease and converge without significant divergence, indicating no clear
overfitting. For each model, the checkpoint achieving the lowest validation loss was selected for final
testing.

C Additional Results

Cross-climate and cross-forest-type generalizability. This appendix provides additional results in
Tables 4 and 5| to show a more complete evaluation of model generalization under shifted domains in
both climate zones and primary tree types. Specifically, in this main paper we provided the results for
the "Climate" and "Forest" scenarios and skipped the train-test swapped versions that were shown for
the cross-region generalization test (i.e., "W-E" as a swapped version for "E-W"). Here we provide the
full results where in the "Climate-swap" scenario the data in the training climate zones of "Climate"
are used as testing and those in the testing climate zones are used for training. The same swapping is
done for "Forest-swap" as well where forest types are used instead of climate zones. We did not do
the swapping for the hard scenarios, i.e., single state as training in cross-region generalization ("CO"),
single climate zone as training in cross-climate generalization ("Climate-hard"), and single forest type
as training in the cross-forest-type generalization ("Forest-hard"), because their evaluation goal is to
use limited samples for training and see how the model behaves in the more challenge situations. Thus,
swapping them will not no longer serve this specific purpose. Looking at the results, we observe the
similar performance drops relative to random splits for both scenarios, consistent with expectations
due to cross-climate and cross-forest-type variability. SegFormer and Mask2Former consistently rank
among the top-performing models across most metrics. In the climate-swap scenario, SegFormer
achieves the highest precision, while Mask2Former achieves the highest recall, F1 score, and IoU. In
the forest-swap scenario, Mask2Former outperform the other models, tighly followed by SegFormer.
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Table 5: Performance across shifted domains in primary tree types. The forest-swap scenario is added
as a complementary part of Table 3 in the main paper. All values are percentages %, and best values
are bolded.

F1 Precision Recall IoU

Model Scenario Accuracy
Dead Tree All  Dead Tree All  Dead Tree All Dead Tree  All
U-Net Forest 353 67.5 343 67.0 36.3 68.0 21.4 60.4 99.5
DeepLabV3+ Forest 36.1 67.9 36.9 68.3 353 67.5 22.0 60.8 99.5
ViT Forest 26.5 63.1 27.3 63.5 25.8 62.8 15.3 574 99.4
SegFormer Forest 40.1 69.9 41.5 70.7 38.7 69.2 25.1 62.3 99.5
Mask2Former Forest 38.6 69.2 36.8 68.3 40.6 70.1 239 61.7 99.5
DOFA Forest 13.9 56.8 144 57.0 13.3 56.5 7.5 534 99.4
U-Net Forest-swap 28.9 64.4 36.1 67.9 24.1 62.0 16.9 58.2 99.6
DeepLabV3+  Forest-swap 26.5 63.1 35.4 67.6 21.2 60.5 15.3 57.4 99.6
ViT Forest-swap 10.7 55.2 13.9 56.8 8.7 54.3 5.7 52.6 99.5

SegFormer Forest-swap 32.1 66.0 39.7 69.7 27.0 63.4 19.1 59.4 99.6
Mask2Former  Forest-swap 33.8 66.8 44.1 71.9 274 63.6 20.3 60.0 99.6

DOFA Forest-swap 14.9 57.3 15.1 57.4 14.6 57.1 8.0 53.7 99.4
U-Net Forest-hard 14.7 57.0 9.6 54.7 31.5 65.3 7.9 53.3 98.8
DeepLabV3+  Forest-hard 21.5 60.7 27.5 63.6 17.7 58.8 12.1 55.8 99.6
ViT Forest-hard 19.9 59.7 14.5 57.1 31.7 65.5 11.1 55.1 99.1
SegFormer Forest-hard 37.7 68.7 38.3 69.0 371 68.5 23.2 61.4 99.6
Mask2Former ~ Forest-hard 11.1 554 10.4 55.0 11.9 55.8 5.9 52.6 99.4
DOFA Forest-hard 14.3 56.9 11.2 55.4 20.0 59.7 7.7 534 99.1

DOFA did not perform very well in both scenarios, likely due to its focus on cross-wavelength
applicability and limited specialization for specific bands and tasks. The overall patterns are similar
to those from the main paper’s results.
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