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Abstract Climatological analyses of moisture sources of precipitation have traditionally relied on
reanalyses or models that parameterize convection. Convection‐permitting models (CPMs) are increasingly
used in climate studies, as they better represent many precipitation processes than non‐CPMs. We found
significant differences in precipitation moisture sources over the Amazon Basin using 1‐year CPM and non‐
CPM WRF simulations with moisture tracers. Notably, the CPM estimates that about half of precipitation in the
central Andes comes from the Amazon basin; a 20%–30% higher estimate than the non‐CPM. This suggests
long‐term CPMs with tracers could improve climatological estimates. However, their high computational cost is
prohibitive. To overcome this, we developed a revised 2L‐DRM model that replicates CPM‐with‐tracers
estimates at a fraction of the cost, using only standard outputs. We applied this model to South America,
analyzing precipitation moisture sources across 15 regions. 2L‐DRM can be used for other regions as
continental‐scale CPM climatological simulations become available.

Plain Language Summary Quantifying moisture sources of precipitation is important for
identifying critical dependencies of rainfall on evaporation from terrestrial and oceanic regions, especially in the
context of climate and land use change. Climate models are a key tool for this, but most long‐term studies have
used models with coarse resolution that may miss important features. This study looks at convection‐permitting
models (CPMs), which simulate rainfall more realistically than traditional coarse models (non‐CPMs). We
compared CPM and non‐CPM 1‐year simulations with moisture tracking capabilities over the Amazon Basin.
We found major differences in precipitation of local origin, especially in the Central Andes, where up to 50% of
precipitation comes from Amazonian evaporation. While CPMs could improve our understanding of moisture
sources, running long‐term simulations to obtain climatological estimates is very expensive. To solve this, we
updated a simpler model (2L‐DRM) that provides similar results at a much lower computational cost. We then
used this tool to study South America (2000–2021), estimating where rain in 15 regions comes from. This
approach opens the door for better, more detailed climate‐scale studies of precipitation moisture sources,
without the need for high‐cost tracers.

1. Introduction
Moisture tracking models are a popular numerical tool for quantifying the amount of precipitation over a target
region that originates as evaporation from a source region, expressed as its ratio to total precipitation (ρ). When
the target and source regions are the same, ρ is known as the precipitation recycling ratio. These models have been
used to study the origin of extreme precipitation and floods (Kim & Dominguez, 2023; Sodemann et al., 2009), to
estimate continental evaporation's contribution to precipitation (Chug et al., 2022; Ent et al., 2010) and to identify
feedbacks between deforestation, precipitation changes and drought (Nguyen et al., 2025; Ruiz‐Vásquez
et al., 2020; Staal et al., 2020; Zemp et al., 2017).

However, due to computational power limitations, climate studies using moisture‐tracking models have relied on
simulations and reanalysis products at coarse spatial resolutions, which are unable to represent convection, a key
process in precipitation generation in many regions of the world (Nesbitt et al., 2006; Rajagopal et al., 2023).
Coarse climate models rely on convection parameterizations that are a major source of uncertainties and errors
(Brockhaus et al., 2008; Dai et al., 1999; Fosser et al., 2015; Jones & Randall, 2011; Karki et al., 2017; Prein
et al., 2013; Zou et al., 2024). These include an incorrect diurnal precipitation cycle, too frequent light precip-
itation, and poor representation of precipitation extremes and spatial patterns.
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Over the last decade, multi‐decadal convection‐permitting model (CPM) simulations at continental scales have
emerged (Berthou et al., 2018; Leutwyler et al., 2016; Liu et al., 2017; R. M. Rasmussen et al., 2023; Stratton
et al., 2018), offering several advantages such as improved representation of high‐intensity precipitation and the
diurnal cycle of precipitation. Recently, the South America Affinity Group (SAAG) developed a 22‐year, 4‐km
CPM simulation (Dominguez et al., 2024), demonstrating that CPM simulations over South America outperform
non‐CPM simulations in reproducing several precipitation characteristics (Dominguez et al., 2024; Liu
et al., 2025).

The natural next step is to use CPMs to analyze moisture sources of precipitation (Hu et al., 2024; Ma et al., 2024;
Wallace & Minder, 2024; Wang et al., 2023; Yang et al., 2019). Our underlying assumption is that, similar to the
case of precipitation, CPMs provide a more accurate representation of moisture sources of precipitation than non‐
CPMs. In this regard, Zou et al. (2024) found a 3% difference in spring precipitation recycling ratios (ρ) over the
Tibetan Plateau using a bulk moisture model (Brubaker et al., 1993) forced with CPM and non‐CPM data.
However, the simplifying assumptions of bulk moisture models can introduce substantial errors (Dominguez
et al., 2006; Fitzmaurice, 2007), which we avoid by comparing ρs calculated directly using tracers embedded
within CPM and non‐CPM simulations.

The overarching goal of our work is to present the first continental‐scale climatological analysis of sources and
sinks of precipitation using a CPM. Our focus is South America. First, we demonstrate that moisture source
calculations using a CPM are significantly different from those of a non‐CPM. To do this, we obtain benchmark
1‐year estimates of precipitation recycling over the Amazon Basin using the Weather Research Forecast model
with water vapor tracers (WRF‐WVT) in convection and non‐convection permitting modes (Insua‐Costa &
Miguez‐Macho, 2018). Since multi‐decadal CPM WRF‐WVT simulations are computationally unfeasible at
continental scales, our second goal is to evaluate the computationally efficient 2L‐DRM model (Dominguez
et al., 2020) against the WRF‐WVT CPM benchmark. Finally, we apply the validated 2L‐DRM to estimate
climate‐scale moisture contributions across South America using SAAG's CPM outputs.

2. Materials and Methods
2.1. WRF‐WVT Model

We use the WRF‐WVT (Insua‐Costa & Miguez‐Macho, 2018), which incorporates water vapor tracers (WVTs)
in the WRF model (version 4.3.3). WRF‐WVT tags the moisture that evaporates from a specified source region
and tracks it in space and time until it falls as precipitation. The tagged moisture undergoes the same physical
processes as the total moisture: transport by the dynamical core and parameterizations for the planetary boundary
layer (PBL), microphysics and convection (the convection parameterization is turned off in the CPM mode). The
simulations were conducted over a spatial domain covering the Amazon Basin (Figure 1a) for one hydrological
year (May 2018–May 2019). The first month (May 2018) was discarded to allow sufficient tracking time for
reliable recycled precipitation estimates. The CPM simulation used a domain of 1,056 × 864 grid points with
4‐km grid spacing, while the non‐CPM simulation covered 176 × 144 grid points with 24‐km grid spacing.
Additional simulation details are provided in Text S1 of Supporting Information S1.

In addition to the standard WRF output variables, WRF‐WVT also provides tracked precipitation (Ptr). We es-
timate the precipitation recycling ratio (ρ) by dividing Ptr by the total precipitation (P). Given its detailed rep-
resentation of physical processes, we treat the CPM WRF‐WVT's precipitation recycling estimates as “truth”
(Cloux et al., 2021; Crespo‐Otero et al., 2024; Dominguez et al., 2020).

2.2. 2L‐DRM Model

2L‐DRM (Dominguez et al., 2020) is a moisture tracking model that estimates the fraction of precipitation that
originates from evapotranspiration from defined source regions (i.e., ρ). Unlike the original DRM model
(Dominguez et al., 2006), 2L‐DRM divides the atmosphere into two slabs to capture wind trajectories at different
atmospheric levels, which is crucial under strong wind shear (Goessling & Reick, 2013).

To calculate ρ at a specific grid cell, slab, and time, the model first computes the backward wind trajectory.
2L‐DRM estimates ρ by calculating moisture contributions along this trajectory and then solving the moisture
balance equation in time. Repeating this process for all grid cells, slabs, and time steps throughout the spatial and
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temporal domain, followed by spatial and temporal aggregation, the model obtains ρ for the desired study area and
time period.

2.2.1. Moisture Balance Equations

The 2L‐DRM relies on the conservation of moisture within each of the two slabs. Recycled moisture is the
moisture originating from the source region's evapotranspiration. The full derivation is provided in Text S2 of
Supporting Information S1, here we present the final equations and numerical implementation.

Thus, the moisture conservation equation for the lower slab is:

dρ1
dt

= (ρsurf − ρ1)
E
w1

+ (ρ2 − ρ1)
Fd

w1
(1)

Similarly, for the upper slab:

dρ2
dt

= (ρ1 − ρ2)
Fu

w2
(2)

where ρ1 and ρ2 represent the recycling ratio in the lower and upper slabs, respectively. E is the evapotranspi-
ration, ρsurf = 1 when E is coming from the source region, and ρsurf = 0 otherwise. w1 and w2 denote the pre-
cipitable water in each slab, while Fu and Fd are the upward and downward moisture fluxes between slabs,
respectively. If the vertical wind direction is upward (downward), then Fu > 0 (Fd > 0) and Fd = 0 (Fu = 0).

Using the total derivative in Equations 1 and 2 allows us to directly apply these equations along the 2L‐DRM
trajectories.

2.2.2. Numerical Implementation

To ensure realistic ρ values (0 ≤ ρ ≤ 1) by controlling numerical instabilities, here we discretize Equations 1 and 2
using finite differences and Euler's method. Using the superscripts n and n + 1 for denoting consecutive time
steps, we discretize Equation 1 as:

Figure 1. (a) WRF‐WVT simulation domain (red rectangle) and source region (Amazon basin) delineated in blue.
(b) 2L‐DRM simulation domain over South America and defined source regions.
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Similarly, for Equation 2 (upper slab), we obtain:

ρn+1
2 = ρn

2 + (ρn
1 − ρn

2)
Fu,nΔt

wn
2

(4)

From Equations 3 and 4, we observe that for calculating ρ1 we require previous values of ρ2 and vice‐versa. Thus,
similarly to (Dominguez et al., 2020), when we follow a trajectory in the lower slab (upper slab), we assume that
the same trajectory occurs in the upper slab (lower slab), which allows us to obtain all the required ρ1 and ρ2
values by jointly calculating Equations 3 and 4. Furthermore, we assume that at the beginning of the trajectory
ρ0

1 = 0 and ρ0
2 = 0. By calculating iteratively for all time steps in the trajectory, we obtain the desired ρ1 and ρ2

values at the end of the trajectory (see Text S3 in Supporting Information S1 for details on numerical
implementation).

The solution presented here differs from that proposed by Dominguez et al. (2020) in the way Equations 1 and 2
are solved. While their approach was based on an analytical solution to these equations, here we directly apply a
numerical discretization. Therefore, the current 2L‐DRM version is no longer an analytical model, but can be
classified as an offline model, following the moisture tracking model classification of Dominguez et al. (2020).
However, when analyzing the lower (or upper) slab we still assume identical trajectories in the opposite slab, a
major weakness of the model implementation.

2.2.3. Computational Efficiency

While WRF‐WVT provides highly reliable estimates of precipitation recycling due to its physical realism, it is
computationally expensive, especially at CPM resolutions. With the recent emergence of standard CPM climate
simulations (i.e., without water vapor tracers), the 2L‐DRM offers a much cheaper alternative for calculating
precipitation recycling and moisture contributions using these readily available data sets.

For instance, running the WRF‐WVT CPM 1‐year simulation over the Amazon Basin required 130 wall‐clock
hours on 2,048 cores. In contrast, the 2L‐DRM completed the 1‐year simulation in just 1.6 wall‐clock hours
using 128 cores. Thus, the 2L‐DRM can be run at a fraction of the computational cost (0.077%) of WRF‐WVT.
Another key advantage of the 2L‐DRM is that it allows tracking multiple source regions simultaneously within a
single simulation, unlike WRF‐WVT, which requires a separate simulation for each source region.

2.2.4. 2L‐DRM Simulation Over the Amazon Basin

To capture wind differences induced by the Andes and to avoid numerical instabilities due to the interface be-
tween slabs potentially intersecting the topography, 500 hPa was chosen as the pressure level dividing the two
slabs. We calculate the required 2L‐DRM inputs at a 3‐hr temporal resolution using standard WRF outputs from
the WRF‐WVT simulation. The 2L‐DRM is then run using the same source region and analysis period as the
WRF‐WVT simulation. Trajectories are initialized every 3 hr and are back‐tracked with a tracing time step of
15 min until they either leave the domain or reach a maximum duration of 15 days. The 15‐day limit was chosen
based on the global mean water residence time of 8.9 days with a standard deviation of 0.4 days (van der Ent &
Tuinenburg, 2017).

Importantly, since the calculation of inputs relies solely on standard WRF output variables and does not require
the special tracer outputs from WRF‐WVT, this procedure replicates the results that would be obtained by
applying the 2L‐DRM to a standard WRF simulation, making the ρ estimates from WRF‐WVT and 2L‐DRM
directly comparable.
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2.2.5. 2L‐DRM Simulation Over South America

Using a similar procedure as described in 2.2.4, we compute the 2L‐DRM inputs from the SAAG simulation data
(Dominguez et al., 2024). It is important to emphasize that the SAAG simulation does not have numerical water
tracers. A key difference in this case is that we use multiple source regions, instead of considering only the
Amazon Basin. The 19 source regions used (Figure 1b) are defined based on South America's main basins
(15 continental regions) and a north–south division of the Pacific and Atlantic Oceans (4 oceanic regions).

3. Results and Discussion
3.1. Differences Between CPM and Non‐CPM Precipitation Recycling

Both the CPM and non‐CPM WRF‐WVT simulations show a gradual increase in precipitation recycling over the
Amazon Basin toward the southwest (Figures 2a and 2b), which is consistent with previous studies (Dominguez
et al., 2022; Yang & Dominguez, 2019). Moreover, the highest precipitation recycling occurs during the dry
season (Aug–Oct) for both the CPM (0.35) and non‐CPM (0.32), while the minimum occurs in May (0.2 for both
cases) (Figure 2e).

There are some critical differences between the precipitation recycling calculated using the CPM and non‐CPM
simulations. Although both have a similar overall ρ (0.254 for the non‐CPM and 0.256 for the CPM case), there
are marked differences in how ρ is spatially distributed (Figures 2a–2c). This is most evident over the Central
Andes, where ρ increases by approximately 0.08–0.1 (an increase of 20%–30%) in the CPM simulation. The CPM
simulation highlights the dependence of Central Andes precipitation on evaporation from the Amazon Basin—
indicating that 40%–50% of the precipitation is derived from Amazonian evaporation. Furthermore, when
examining the seasonal scale (Figure S1 in Supporting Information S1), we observe that this critical dependence
is consistent across all seasons, increasing confidence that this feature is inherent to the CPM's climate repre-
sentation, although only 1 year is evaluated. Moreover, SON shows particularly pronounced differences, with
markedly higher CPM ρ further extending into the lowlands adjacent to the Andes and covering nearly half of the
Amazon Basin.

Figure 2. WRF‐WVT CPM and non‐CPM ρ estimates for the Amazon Basin: hydrological year (June 2018–May 2019)
estimates from the CPM (a) and non‐CPM simulation (b), their difference (c), and daily (d) and monthly (e) time series.
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We also observe higher ρ values for the CPM simulation in the northwest region (Figure 2c), and lower values in
the central and eastern part of the Amazon basin. At the daily timescale (Figure 2d), the CPM simulation shows
greater variability in ρ throughout the year, exhibiting both higher and lower values than the non‐CPM simulation
during similar periods. On the other hand, both the CPM and non‐CPM cases show a similar seasonality
(Figures 2d and 2e). However, the CPM slightly emphasizes this seasonality, with lower ρs during December‐
February and higher ρs during August–November (differences up to 0.04). Since only one hydrological year is
analyzed, a longer simulation comparison period would be required to confirm this.

These differences may be partially explained by the closer agreement of the CPM‐simulated precipitation with
observations (Text S4 in Supporting Information S1). The CPM simulation estimates less precipitation than the
non‐CPM, except over the Central Andes. While some hypotheses can be derived, further analysis is required to
fully understand the underlying mechanisms driving the differences in recycling. Nevertheless, we can conclude
from our results that there are significant differences, and they are particularly critical for regions such as the
Central Andes.

3.2. WRF‐WVT Versus 2L‐DRM

The previous analysis revealed that precipitation recycling estimates derived from WRF‐WVT simulations
without convective parameterizations (CPM) are different from those with parameterized convection. However,
running WRF‐WVT at convection‐resolving scales for climate timescales is computationally unfeasible.
Therefore, in this section, we investigate whether similar results can be obtained using the simpler and more cost‐
efficient 2L‐DRM, which can use the outputs from standard CPM simulations that are more widely available.
Thus, we compare the WRF‐WVT CPM's ρ estimates with those obtained from running 2L‐DRM.

Figures 3a and 3b shows that the 2L‐DRM model captures the general spatial pattern and strong dependence of the
Central Andes on precipitation recycling, although the values are slightly lower than those from the WRF‐WVT.
The 2L‐DRM tends to slightly underestimate ρ in the eastern Amazon and the slopes of the central Andes, while ρ
in the western Amazon is slightly overestimated. Furthermore, Figure 3 shows that the majority of ρ differences
fall between −0.02 and 0.02, with only small isolated regions outside this range. Therefore, we can consider that

Figure 3. WRF‐WVT CPM and 2L‐DRM ρ estimates for the Amazon Basin: hydrological year (June 2018–May 2019)
estimates from 2L‐DRM (a) and WRF‐WVT CPM (b), their difference (c), and daily (d) and monthly (e) time series.
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differences at the annual scale are minimal. Moreover, when we look at the ρ time series, we observe a very
similar temporal pattern across all months, except in June and July. However, the larger differences in these
months could be impacted by model initialization.

On the other hand, an important feature of the 2L‐DRM is that it can reproduce the daily variability of ρ
(Figure 3d), except during the first 2 months of the simulation, when it underestimates ρ. A similar pattern is seen
in the monthly time series (Figure 3e). In addition, the overall annual ρ for the Amazon basin is correctly esti-
mated by the 2LDRM model (0.254), when compared to the WRF‐WVT (0.256). From this comparison, we
conclude that the 2L‐DRM model captures the key features of the WRF‐WVT CPM simulation remarkably well,
given the important simplifications of the 2L‐DRM model.

3.3. Application to South America

3.3.1. Source Regions: Contribution to Precipitation Over South America

We now calculate the moisture contribution from different South American regions using the 2L‐DRM applied to
the 22‐year SAAG's WRF CPM simulation data set. Figure 4 (regions 1–15) shows the contribution of the
continental regions to precipitation over South America. The Amazon Basin contributes an important fraction of
moisture to precipitation over adjacent areas, especially over the western flank of the Andes and near the border
with the La Plata Basin. This highlights the key role of the Amazon Basin as a moisture source for precipitation in
South America. In contrast, despite their size, the southernmost regions (regions 5 and 6) contribute very little to
precipitation, even within their own areas. The La Plata, Orinoco and Altiplano regions (2, 12, 8) are also
important moisture sources for the continent.

Figure 4 (regions 16–19) highlights the importance of oceanic source regions. The North Atlantic and South
Pacific Oceans contribute significantly to rainfall in adjacent areas, while the South Atlantic and North Pacific
have minimal impact. Furthermore, it is important to note that this subsection describes annual averages, but
values can vary seasonally (Figure S5 in Supporting Information S1).

3.3.2. Continental Regions: Moisture Sources of Precipitation

Figure 5a shows the dependence of precipitation over the 15 continental regions on evaporation from the 19
regions analyzed. We observe that the Amazon Basin's evaporation approximately accounts for 1/3 of the pre-
cipitation over the Central Pacific Basin (region 9) and 1/4 over the Altiplano (region 8), reaching values as high
as 0.42 and 0.31, respectively, during DJF (Figure S8 in Supporting Information S1). This indicates that, despite
the blocking effect of the mountains, moisture from the Amazon Basin is crucial for precipitation on the western
side of the Andes. This is emphasized by noticing that these fractions are comparable to or even higher than the
Amazon Basin's own recycling ratio (∼1/4), and that the continental evaporation contribution to precipitation is
roughly 0.5 in these regions (Figure 5b). However, the complex topography may affect estimates of moisture
transported across the Andes, so further analysis is required.

The La Plata Basin is another important moisture provider, contributing nearly 1/5 of the precipitation over re-
gions 3 (Eastern coast to La Plata) and 4 (Southern Andean endorheic basins). Meanwhile, evaporation from the
North Atlantic Ocean accounts for nearly 1/3 of the precipitation in region 13 (Guyanas) and 1/4 in region 12
(Orinoco Basin). Additionally, nearly 1/5 of the precipitation over region 6 (Southern Pacific Basin) and region 7
(Atacama) originates as evaporation from the South Pacific Ocean.

Figure 5b summarizes the recycling ratios for the continental regions. While recycling over the Amazon and La
Plata basins accounts for nearly 1/4 and 1/5 of precipitation, respectively, it is remarkable that, despite its small
size, the Altiplano has a high recycling ratio (0.18). This highlights the importance of local evaporation in
sustaining precipitation over the Altiplano and, as suggested by the hotspot in Figure 4, is likely related to Lake
Titicaca's effect on evaporation and convection (Llacza et al., 2025). Furthermore, the Amazon Basin's recycling
ratio (0.26) closely matches the 1‐year WRF‐WVT CPM estimate (0.25) but is now derived from a 22‐year
analysis. This value lies at the lower end of previous estimates (Figure 1 in Dominguez et al., 2022), which
use a variety of models and consistently estimate recycling to be between 25% and 35%.

Geophysical Research Letters 10.1029/2025GL118806

CLAROS ET AL. 7 of 12



Figure 4. Fraction of precipitation originating as evaporation from source regions (ρ). Each map shows a different source
region (outlined in black). Oceanic source regions are additionally filled with dots.
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Figure 5b also shows that continental evaporation can explain nearly half of the precipitation in the Altiplano and
Central Pacific Basin, while it is irrelevant in the South Pacific Basin (ρ = 0.01). Seasonal estimates are pre-
sented in Figures S6–S9 of Supporting Information S1.

4. Conclusions
We show that important differences arise in precipitation recycling estimates over the Amazon Basin when using
a CPM versus a non‐CPM. Based on a 1‐year WRF‐WVT simulation over the Amazon Basin, we found that
8%–10% more total precipitation over the Central Andes is explained by the Amazon Basin recycling process in
the CPM case—corresponding to a 20%–30% increase in the recycling ratio. Thus, the CPM highlights the critical
dependence of the Central Andes precipitation—nearly 50%—on Amazonian evaporation.

Figure 5. Fraction of precipitation in continental regions (columns) originating as evaporation from source regions (rows).
(a) shows the source‐sink estimates from the predefined 19 source regions. (b) shows the local recycling (source and sink
regions are the same) (row 1), summation of all sources from continental South America (regions 1–15) (row 2), summation
of all sources from oceans in study domain (regions 16–19) (row 3), study domain or summation of continental and oceanic
sources (row 4) and outside study domain (row 5).
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However, obtaining climatological estimates of precipitation recycling by running a CPM with tracers is
computationally unfeasible. Therefore, we propose as alternative a revised version of the 2L‐DRM, which is
computationally much cheaper and can be driven by standard CPM outputs that are already available for several
regions. When tested using standard WRF outputs from the WRF‐WVT simulation over the Amazon, the
2L‐DRM was able to capture the key features of the CPM's precipitation recycling estimates. Critically, the
2L‐DRM operated at a fraction of the computational cost—just 0.077%—of the WRF‐WVT.

Finally, we presented climatological estimates of the moisture sources for precipitation in the major South
American basins using the 2L‐DRM driven by the SAAG CPM data. The results highlight the importance of the
Amazon Basin as a moisture provider for precipitation, especially on the western flank of the Andes, with
Amazonian contributions as high as ρ = 1/3 in the Central Pacfic Basin and ρ = 1/4 in the Altiplano. While the
highest precipitation recycling ratios correspond to the Amazon (ρ = 0.26) and La Plata Basin (ρ = 0.19), it is
remarkable that, despite its small size, the Altiplano has a ρ = 0.18, which emphasizes the importance of local
evaporation for precipitation over this region. Moreover, among the oceanic sources analyzed, the North Atlantic
and South Pacific are the most important in terms of moisture contributions, while the South Atlantic and North
Pacific Oceans have a minimal effect.

As CPM simulations become available throughout the globe, it will be important to revisit existing calculations of
moisture sources and sinks that inherited the errors of convective parameterizations. Prior estimates of moisture
sources are likely to be most affected in regions where precipitation is dependent on mesoscale or orographic
processes (Prein et al., 2021; R. Rasmussen et al., 2011), and in other regions where precipitation recycling
strongly sustains rainfall, such as the Congo Basin (Sorí et al., 2022; Tuinenburg et al., 2020; Worden et al., 2021).
Critically, CPM simulations will become a key tool to understand the effect of land use and land cover (LULC)
change on continental hydroclimates, revealing the effect of mesoscale land surface heterogeneity on the over-
lying atmosphere in a way that non‐CPM simulations have not been able to resolve. As such, computationally
efficient and robust tools, such as 2L‐DRM, can help us analyze the vast amounts of newly available CPM data,
understand the physical mechanisms that affect precipitation, and disentangle the role of moisture recycling in
simulations with LULC change.
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