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SMOS soil moisture and vegetation optical depth

• Passive microwaves sensors measure the 
thermal emission from the Earth, which at these 
frequencies depends mainly of soil moisture 
and temperature 

• The radiation is affected by the vegetation water 
content and structure creating a vegetation 
optical depth (VOD)

Kerr et al. (2012. TGARS)

The Vegetation Optical Depth (τ), is frequency dependent
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Figure 3. Location of the selected fires and histograms of the fire dates, for grasslands and croplands (IGBP labels 10, 12, and 14), savannas
and shrublands (IGBP labels 6, 7, 8, and 9), needleleaf forests (IGBP labels 1 and 3), sparse broadleaf forests (IGBP labels 2 and 4;
AGB  150 Mg ha�1), and dense broadleaf forests (IGBP labels 2 and 4; AGB > 150 Mg ha�1). Areas affected by water, snow, or strong
topography were excluded (see Sect. 3.1).

4 Results

4.1 Case study: analysis of three major fires

In evergreen forests of the South Coast of New South
Wales in Australia (Fig. 4a), fires reached a maxi-
mum in January 2020 (mean number of fires = 8). They
are associated with high temperature and low precipita-
tion (anom(T ) = +3� C, anom(P ) = �80 mm). The drought
started 3 years before fire (decrease in precipitation, SM, and
TWS). All vegetation data exhibit the same pattern, which
is (i) a constant and mild decrease since 2012, (ii) a strong
decrease just before and during the fire event (⇠ �0.15), and

(iii) a rapid post-fire recovery (⇠ 1 year). C-VOD is the most
affected vegetation variable.

In California, no major pre-fire drought is visible in
summer 2018 (Fig. 4b). The Mendocino Complex was
the strongest of the three case studies, with 20 fires ob-
served on average in August 2018. It provoked a de-
crease in all vegetation variables, particularly in L-VOD
(anom(L-VOD) = �0.08) and in EVI (anom(EVI) = �0.10).
Whereas C- and X-VOD regained their pre-fire values
rapidly (⇠ 1 year), EVI and L-VOD did not.

In the dense rainforest near Santarém (Brazilian Amazon),
the number of detected fires in December 2015 is quite low

https://doi.org/10.5194/bg-19-3317-2022 Biogeosciences, 19, 3317–3336, 2022

The long post-fire recovery of the equatorial forest 
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Figure 5. Time series of the number of fires and anomaly time series of EVI; X-, C-, and L-VOD; P ; SM; TWS; and T , shifted on the fire
date, for the following biomes: (a) grasslands and croplands, (b) savannas and shrublands, (c) needleleaf forest, (d) sparse broadleaf forest,
and (e) dense broadleaf forest. Missing values appear when the number of available points is lower than half the maximum number of points
of the biome (empty circles in the lower panel). This is mostly due to snow filtering. Data are kept otherwise (black filled dots).

grasses. In April 2018, precipitation and warm temperatures
led to above-normal spring brush and grass growth. No major
drought is visible in summer 2018, but low rainfall and warm
temperatures led to a rapid drying of fuels and induced a
poor overnight humidity recovery. All these similarities with
the findings by Brown et al. (2020) support our observations.
The dramatic fire impacted EVI and L-VOD in the long term.
Eucalyptus, pine trees, and chaparral were burned. Even if
this type of vegetation is fire-adapted, the strength of the fire
seemed to have destroyed most of it (34 % vegetation loss,
Hansen et al., 2013). Increased forest fire activity in recent

decades in California has likely been enabled by the legacy
of fire suppression, human settlement, and anthropogenic cli-
mate change (Abatzoglou and Williams, 2016). Stephens et
al. (2018) stated that the massive current tree mortality in
California will undoubtedly provoke severe “mass fires” in
the coming decades, driven by the amount of dry and com-
bustible wood.

In the Santarém region (Amazon), the winter 2015 wild-
fire was attributed to high temperature and low precipitation
linked with El Niño event (Berenguer et al., 2018), which
clearly emerges from Fig. 4c. These extreme drought con-
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High sensitivity of L-VOD to AGB

Liu et al. (2015)

Rodriguez-Fernandez et al. (2018)

Rodriguez-Fernandez et al. (2018, Biogeosciences)
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Using a spatial correlation to infer the temporal behavior…

Brandt et al. , 2018, Nature Ecology Evolution

Net C changes (losses):
- drylands: −0.05  Pg /yr
- Humid areas −0.02 Pg /yr
Drylands showed a share of the total pool of African carbon 
stocks of 20% in L-VOD but only 6% in LPJ-GUESS and 8% in 
ORCHIDEE-MICT

The aboveground carbon changes estimated by VOD in the tropical region during 2010-
2016 indicate the tropical region acts as a net carbon source of 0.11 Pg/yr during 2010-
2016. The declines in tropical aboveground carbon were found mainly in eastern America, 
African drylands and Indonesia.

C losses 2010-2016,  Fan et al., 2019, Nature Plants

LETTERSNATURE PLANTS

A strong El Niño event developed in mid-2015 and persisted 
until mid-2016 (Fig. 1a)13. This event caused a drop of tropi-
cal AGC of −0.95 [−1.00, −0.76] PgC in 2015—of which −0.74 
[−0.86, −0.62] PgC was in Africa (Fig. 1c) and −0.20 [−0.26, −0.1]  
PgC was in America (Fig. 1e)—which was attributed mainly to 
extremely dry and warm climatic conditions (Supplementary  
Fig. 13a and Supplementary Text 6). The 2015 loss in Africa  
occurred in all biomes, with the largest losses in woodland, shru-
bland and savannah regions. By contrast, carbon losses and gains 
were evenly balanced in tropical Asia in 2015. Of note, AGC losses 
continued in 2016, with a biomass loss of −0.65 [−0.82, −0.38] 
PgC, mostly in Asia (−0.35 [−0.50, −0.26] PgC) followed by Africa 
(−0.19 [−0.22, −0.15] PgC) and America (−0.12 [−0.3, +0.11] 
PgC), in response to more severe anomalies in both surface soil 
moisture and land surface temperature in 2016 compared with 2015 
(Supplementary Fig. 13a and Supplementary Text 6). Combining 
the two years 2015 and 2016 together, the average AGC carbon 
losses (−0.80 [−0.59, −0.96] PgC yr−1) are in the range of the net 

land–atmosphere abnormal CO2 source simulated by land surface 
models (−1.1 [−2.5, +0.1] PgC yr−1)16.

Pixels with more than 5% forest losses (covering 16% of the 
tropics) as identified by Hansen et al.31 (Methods), displayed a net 
carbon loss of −0.09 [−0.14, −0.07] PgC yr−1 in the aboveground 
vegetation compartment for 2010–2017 (Supplementary Table 2). 
Net carbon losses due to deforestation were offset by a net carbon 
uptake of +0.20 [+0.14, +0.24] PgC yr−1 across pixels with less 
than 5% deforestation. This sink was found mainly in tropical Asia 
(+0.10 [+0.06, +0.13] PgC yr−1) and America (+0.09 [+0.06, +0.12] 
PgC yr−1). Trends for 2010–2017 showed carbon losses in the arc of 
deforestation of southern Amazonia, in the Democratic Republic of 
Congo and in Indonesia (Fig. 2a,b). The carbon uptake was found 
in the Central African Republic and in the northernmost regions of 
tropical Asia and Central America (Fig. 2a,b).

We defined gross carbon losses as accumulated yearly losses, 
excluding regrowth years. Overall, gross carbon loss from areas of 
deforestation (forest losses >5%) was −0.78 [−0.61, −1.04] PgC yr−1  
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Fig. 2 | Spatial patterns and trends in tropical carbon changes. a–e, Yearly net changes (a), trends (b), gross gains (c) and gross losses (d) in AGC, and 
yearly net changes in forest-loss rates31 (e) for 2010–2017. Yearly net changes, trends and gross gains and losses in AGC were estimated on the basis of 
the medians of the changes in AGC estimated by ten sets of the fitted relationships between L-VOD and AGC (n!=!51,395, 11,992, 51,361 and 47,199 for 
a–d, respectively). Yearly trends in AGC are represented by significantly positive and negative trends (linear trend; P!<!0.05). Gross losses in AGC are 
calculated by cumulating negative changes in AGC for consecutive years from 2010 to 2017.
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the L-VOD data are only controlled by the biomass of the vegeta-
tion and do not seem to saturate in forests. Moreover, although 
high-frequency X-VOD has been successfully used for global 
biomass mapping23, the X-VOD sensor is more sensitive to green 
vegetation and restricted to the upper green canopy layer when 
the vegetation is dense22. This is visible from a much higher inter-
annual variability in mean annual values of X-VOD than those 
that we observed using L-VOD, and the intra-annual variations 
of monthly L-VOD data are also low (mean (± s.d.) amplitude 
of 0.01 ±  0.01). Therefore, the advantage of L-VOD over previ-
ous methods is that it enables the continuous monitoring of car-
bon stocks, annually or even more frequently, for both forests 
and savannahs. Our results demonstrate the potential utility of 
L-VOD as a complementary data source for the quantification 
and monitoring of carbon stocks for national reports and large-
scale efforts, such as the United Nations Framework Convention 
on Climate Change (UNFCCC) and the Intergovernmental Panel 
on Climate Change (IPCC), especially for semi-arid regions with 
little inventory data.

Continuing deforestation and forest degradation supposedly 
contributed to the gross carbon losses observed in humid areas, in 
particular in rainforests and woodlands. Forest degradation does 
not strongly reduce carbon stocks and is followed by permanent 
recovery, and future studies therefore need to explore whether 
this process may be concealed by saturation or whether it can be 
detected using L-VOD.

In spite of carbon losses that are presumably caused by defor-
estation, we found that carbon stocks in rainforests remained 
relatively stable over the period of 2010–2016 and were not evi-
dently correlated with variations in rainfall and soil moisture. On 
the other hand, carbon stocks outside densely forested areas were 
much more variable and were highly sensitive to climatic fluctua-
tions, with two extreme events that consisted of a very wet year 
in 2011 and a very dry one in late 2015 and early 2016. Previous 
studies1,13,33 have often reported global increases in dryland carbon  

stocks, which has led to the general understanding that drylands 
may serve as carbon sinks. Our study found that dry years have 
partly reversed this trend for 2010–2016 in areas in which such 
increases in woody vegetation (and thus carbon stocks) have 
occurred in the past (for example southern and west Africa1,33–35), 
demonstrating that climate controls short-term variations in  
carbon stocks at large scales.

Previous studies of carbon dynamics in Africa were based on 
ecosystem models and optical satellite observations that mea-
sure changes in the green fraction rather than in biomass. Our 
observational data on dryland vegetation carbon stocks and 
dynamics showed substantially higher values than simulated in 
the two ecosystem models, suggesting that models may underes-
timate the crucial role of dryland savannahs as carbon sinks and 
sources13,34,36. The losses of carbon from African drylands during 
2010–2016 support the view that the large area of drylands and 
their highly variable carbon stocks make these ecosystems impor-
tant to the global accounting of the carbon balance, even though 
mean carbon stocks are generally quite low per area unit. With 
such inter-annual variability, it is difficult to conclude from the 7 
years of observation presented here whether the observed trends 
reflect quasi-decadal variations or whether it is a sign of longer-
term dynamics. However, considerable losses were observed in 
2010–2016, so we need to reassess whether, in the long term, 
woody vegetation in African savannahs will indeed continue to 
be a carbon sink37. If dry years become more frequent38, large-
scale carbon losses may exacerbate climate change, particularly 
in dry areas. Our study therefore highlights the importance of 
timely monitoring of both tropical deforestation and the highly 
dynamic woody carbon stocks of savannah ecosystems for assess-
ments of global carbon stocks.

Methods
Passive microwaves for soil moisture, VOD and carbon estimation. !e 
estimations of biomass were computed from the SMOS L-VOD ascending product 
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the L-VOD data are only controlled by the biomass of the vegeta-
tion and do not seem to saturate in forests. Moreover, although 
high-frequency X-VOD has been successfully used for global 
biomass mapping23, the X-VOD sensor is more sensitive to green 
vegetation and restricted to the upper green canopy layer when 
the vegetation is dense22. This is visible from a much higher inter-
annual variability in mean annual values of X-VOD than those 
that we observed using L-VOD, and the intra-annual variations 
of monthly L-VOD data are also low (mean (± s.d.) amplitude 
of 0.01 ±  0.01). Therefore, the advantage of L-VOD over previ-
ous methods is that it enables the continuous monitoring of car-
bon stocks, annually or even more frequently, for both forests 
and savannahs. Our results demonstrate the potential utility of 
L-VOD as a complementary data source for the quantification 
and monitoring of carbon stocks for national reports and large-
scale efforts, such as the United Nations Framework Convention 
on Climate Change (UNFCCC) and the Intergovernmental Panel 
on Climate Change (IPCC), especially for semi-arid regions with 
little inventory data.

Continuing deforestation and forest degradation supposedly 
contributed to the gross carbon losses observed in humid areas, in 
particular in rainforests and woodlands. Forest degradation does 
not strongly reduce carbon stocks and is followed by permanent 
recovery, and future studies therefore need to explore whether 
this process may be concealed by saturation or whether it can be 
detected using L-VOD.

In spite of carbon losses that are presumably caused by defor-
estation, we found that carbon stocks in rainforests remained 
relatively stable over the period of 2010–2016 and were not evi-
dently correlated with variations in rainfall and soil moisture. On 
the other hand, carbon stocks outside densely forested areas were 
much more variable and were highly sensitive to climatic fluctua-
tions, with two extreme events that consisted of a very wet year 
in 2011 and a very dry one in late 2015 and early 2016. Previous 
studies1,13,33 have often reported global increases in dryland carbon  

stocks, which has led to the general understanding that drylands 
may serve as carbon sinks. Our study found that dry years have 
partly reversed this trend for 2010–2016 in areas in which such 
increases in woody vegetation (and thus carbon stocks) have 
occurred in the past (for example southern and west Africa1,33–35), 
demonstrating that climate controls short-term variations in  
carbon stocks at large scales.

Previous studies of carbon dynamics in Africa were based on 
ecosystem models and optical satellite observations that mea-
sure changes in the green fraction rather than in biomass. Our 
observational data on dryland vegetation carbon stocks and 
dynamics showed substantially higher values than simulated in 
the two ecosystem models, suggesting that models may underes-
timate the crucial role of dryland savannahs as carbon sinks and 
sources13,34,36. The losses of carbon from African drylands during 
2010–2016 support the view that the large area of drylands and 
their highly variable carbon stocks make these ecosystems impor-
tant to the global accounting of the carbon balance, even though 
mean carbon stocks are generally quite low per area unit. With 
such inter-annual variability, it is difficult to conclude from the 7 
years of observation presented here whether the observed trends 
reflect quasi-decadal variations or whether it is a sign of longer-
term dynamics. However, considerable losses were observed in 
2010–2016, so we need to reassess whether, in the long term, 
woody vegetation in African savannahs will indeed continue to 
be a carbon sink37. If dry years become more frequent38, large-
scale carbon losses may exacerbate climate change, particularly 
in dry areas. Our study therefore highlights the importance of 
timely monitoring of both tropical deforestation and the highly 
dynamic woody carbon stocks of savannah ecosystems for assess-
ments of global carbon stocks.

Methods
Passive microwaves for soil moisture, VOD and carbon estimation. !e 
estimations of biomass were computed from the SMOS L-VOD ascending product 
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VOD and AGB: uncertainties

• AGB maps used as reference have 
many uncertainties, including those 
using currently available SAR data, 
which saturates in dense forest

• Which one to chose ?
• How to take into account the large 

dispersion ?
• What period should be used to 

compute the relationship ?

Rodriguez-Fernandez et al. (2018, Biogeosciences)



VOD and AGB: uncertainties

Rodriguez-Fernandez et al. (2018, Biogeosciences)

SMOS+VegSMOS + VegComputing AGB from L-VOD

Rodriguez-Fernandez et al. (2018, Biogeosciences)

Significant dispersion for a single reference AGB
Even larger uncertainties if several reference AGB are taken into account

• AGB maps used as reference have 
many uncertainties, including those 
using currently available SAR data, 
which saturates in dense forest

• Which one to chose ?
• How to take into account the large 

dispersion ?
• What period should be used to 

compute the relationship ?

450

150



VOD and AGB: uncertainties

Rodriguez-Fernandez et al. (2018, Biogeosciences)

SMOS+VegSMOS + VegComputing AGB from L-VOD

Rodriguez-Fernandez et al. (2018, Biogeosciences)

Significant dispersion for a single reference AGB
Even larger uncertainties if several reference AGB are taken into account

• AGB maps used as reference have 
many uncertainties, including those 
using currently available SAR data, 
which saturates in dense forest

• Which one to chose ?
• How to take into account the large 

dispersion ?
• What period should be used to 

compute the relationship ?

450

150

1. Introduction
Passive microwave observations of brightness temperature are sensitive to vegetation optical depth (VOD), 
which has yielded a large variety of carbon cycle insights in the last decade. The VOD is a measure of how 
much the vegetation attenuates electromagnetic waves. This attenuation has been shown both observation-
ally (Jackson & Schmugge, 1991) and theoretically (Attema & Ulaby, 1978; Ulaby & Long, 2014) to vary with 
the mass of water contained in the vegetation. Because the amount of water in vegetation scales with its 
total mass, VOD is therefore also sensitive to the aboveground biomass of vegetation (Rodríguez-Fernández 
et al., 2018; Tian, Brandt, Liu, Verger, et al., 2016).

Liu et  al.  (2015) compared global maps of averaged VOD derived from combined K-band, X-band, and 
C-band observations to a static map of biomass based on radar and lidar (Saatchi et al., 2011), and showed 
that VOD and aboveground biomass could be approximately linearly related across the globe. More recently, 
Brandt, Wigneron, et al. (2018) demonstrated that a similar relationship also holds at L-band. Because of 
their relatively longer wavelength, the L-band observations are more sensitive to deeper canopy compo-
nents. As a result, the L-band VOD does not saturate as quickly in dense vegetation and is more closely 
related to biomass in densely forested regions (Brandt, Wigneron, et al., 2018) than higher frequency VOD 
observations are. If the VOD-biomass spatial relationship is assumed to hold in time (i.e., if a space-time 
tradeoff holds), VOD timeseries can be used to study spatio-temporal changes in biomass across the world. 
A number of recent studies have used this principle to make significant contributions to the carbon cycle 
science literature. Interannual variations in VOD have been used to study overgrazing in Mongolia (Y. Y. Liu 
et al., 2013), diagnose greening due to reforestation and conservation (Brandt, Yue, et al., 2018), diagnose 
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VOD and AGB: uncertainties

• AGB maps used as reference have 
many uncertainties, including those 
using currently available SAR data, 
which saturates in dense forest

• Which one to chose ?
• How to take into account the large 

dispersion ?
• What period should be used to 

compute the relationship ?

Rodriguez-Fernandez et al. (2018, Biogeosciences)

• Yearly AGB maps from VOD maps 
with respect different recent AGB 
data sets will be freely distributed by



SMOS AGB without VOD

Using several years of AGB for the 
training simultaneously
• ESA CCI Biomass

PMVOS

10 YEARS OF SMOS – PASSIVE MICROWAVE
VEGETATION OPACITY STUDY (PM-VO-S)

ESA AO/1-10908/21/NL/IA

XXX Meeting DD/MM/20YY

Rodriguez-Fernandez et al. (2019, IGARSS)
Salazar-Neira et al. (2022, IGARSS)
Salazar-Neira et al. (submitted)

Other goal: 
Consistent X, C, and L-band VOD using 2-stream

Difference between inversions from AGB(ANN) and AGB(VOD) from 2012

Reference CCI2010

AGB(ANN) has bigger 
values than AGB(VOD) in 
blue areas because the 
VOD func can not
reproduce higher AGB 
values which in most 
cases are located in those 
areas

Because VOD tends to estimate a 
similar AGB value over large regions,
the difference with AGB(ANN) is red 
(thus ANN < VOD func) in regions 
where the ANN produce an AGB more 
detailed than the AGB(VOD), and 
sometimes more details means lower 
values (closer to the reference than 
those produced by the VOD func) and 
thus the red spots



Summary

@NemesioRF
@SMOS_satellite

Nemesio.rodriguez@cesbio.cnes.fr
SMOS

SMOS-HR

• L-band observations allow to link components of both the water and carbon 
cycles

• L-VOD provides complementary information to radar, lidar and optical 
observations and VOD measured at other wavelengths  

• Useful for a wide range of applications but … should be used with care ! 
• Future ? 

- Biomass P-band SAR (Le Toan et al. (2011, RSE) 
- Multi-incidenc angles L-band measurements with increased resolution: 

SMOS-HR (Rodriguez-Fernandez et al. 2022, IGARSS) 

Biomass



Land Carbon 
Constellation 
project

LAI, SMOS L-VOD, AMSR2 K-VOD, ASCAT slope 

• LAI cycle shorter than Ku-
VOD and ASCAT-slope

• ASCAT-slope second peak 
at the end of the summer…

• Low amplitude cycle of L-
VOD. Could be more related 
to water availability than to 
crops cycles

LM 103 px > 90% croplands See Segarra et al., 2020 for wheat 
phenological stages in the region

Architecture des céréales 

Espagne, quelles cultures ?

2 tuiles Sentinel – 2018
Représentatif de la zone

Barley          12
Wheat            9
Rye                9
Peas              4.7
Natural veg   3.4
Grasslands   3
Maize             2.5
… Rye, Maize ?

Wheat, 
Barley

Pique et al. (in prep)

Slope ASCAT
Ku-VOD

L-VOD LAI

L-VOD 



Tian et al. (2018, Nature Eco&Evo)

L-VOD

LAI

Time lag between L-VOD and LAI

Miombo

SMOS L-VOD and vegetation water content

• Different dynamics of L-VOD and LAI : up to 180 days shift in dry 
Tropical forests such as those in Miombo

• L-VOD is linked to vegetation water content

• In regions with woody vegetation the information in L-VOD is 
highly complementary to vegetation indices linked to leaves and 
more appropriate for herbaceous plants

• Trees may access deep soil water and have sophisticated 
hydraulic strategies

1. Introduction
Passive microwave observations of brightness temperature are sensitive to vegetation optical depth (VOD), 
which has yielded a large variety of carbon cycle insights in the last decade. The VOD is a measure of how 
much the vegetation attenuates electromagnetic waves. This attenuation has been shown both observation-
ally (Jackson & Schmugge, 1991) and theoretically (Attema & Ulaby, 1978; Ulaby & Long, 2014) to vary with 
the mass of water contained in the vegetation. Because the amount of water in vegetation scales with its 
total mass, VOD is therefore also sensitive to the aboveground biomass of vegetation (Rodríguez-Fernández 
et al., 2018; Tian, Brandt, Liu, Verger, et al., 2016).

Liu et  al.  (2015) compared global maps of averaged VOD derived from combined K-band, X-band, and 
C-band observations to a static map of biomass based on radar and lidar (Saatchi et al., 2011), and showed 
that VOD and aboveground biomass could be approximately linearly related across the globe. More recently, 
Brandt, Wigneron, et al. (2018) demonstrated that a similar relationship also holds at L-band. Because of 
their relatively longer wavelength, the L-band observations are more sensitive to deeper canopy compo-
nents. As a result, the L-band VOD does not saturate as quickly in dense vegetation and is more closely 
related to biomass in densely forested regions (Brandt, Wigneron, et al., 2018) than higher frequency VOD 
observations are. If the VOD-biomass spatial relationship is assumed to hold in time (i.e., if a space-time 
tradeoff holds), VOD timeseries can be used to study spatio-temporal changes in biomass across the world. 
A number of recent studies have used this principle to make significant contributions to the carbon cycle 
science literature. Interannual variations in VOD have been used to study overgrazing in Mongolia (Y. Y. Liu 
et al., 2013), diagnose greening due to reforestation and conservation (Brandt, Yue, et al., 2018), diagnose 

Abstract Microwave radiometry can be used to measure vegetation water content through vegetation 
optical depth (VOD). VOD can vary due to changes in water stress alone, but also scales with aboveground 
biomass. Several studies have therefore interpreted VOD temporal anomalies as linearly proportional to 
biomass anomalies, neglecting the influence of water stress. Here, we explicitly test this assumption using 
a new annual-resolution data set of biomass derived from optical, radar, and lidar remote sensing. Both 
L-band and X-band VOD datasets are tested. Although VOD and biomass variations are highly correlated 
in space, their temporal anomalies are almost uncorrelated. At regional scale, it is as common for VOD 
anomalies to be more correlated to root-zone soil moisture anomalies (a proxy for water stress) than to 
biomass anomalies as for the opposite to occur. Care should therefore be taken when deriving biomass 
anomalies from VOD, especially in the absence of any large-scale biomass disturbances.

Plain Language Summary Satellite measurements known as vegetation optical depth (VOD) 
measure how much water is in plants. Because plants with more mass can hold more water, changes in 
VOD are used to determine biomass changes, ignoring the fact that changes in how dry the plants are 
also affect VOD. We use an alternative data set for biomass to test this approach. At a given location, VOD 
and biomass do not vary in the same pattern from year to year and for many types of plants, VOD seems 
to follow soil moisture (which should co-vary with the fraction of water in plants) better than it follows 
biomass itself. These results help clarify when VOD can and can't provide information about biomass.
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in space, their temporal anomalies are almost uncorrelated. At regional scale, it is as common for VOD 
anomalies to be more correlated to root-zone soil moisture anomalies (a proxy for water stress) than to 
biomass anomalies as for the opposite to occur. Care should therefore be taken when deriving biomass 
anomalies from VOD, especially in the absence of any large-scale biomass disturbances.

Plain Language Summary Satellite measurements known as vegetation optical depth (VOD) 
measure how much water is in plants. Because plants with more mass can hold more water, changes in 
VOD are used to determine biomass changes, ignoring the fact that changes in how dry the plants are 
also affect VOD. We use an alternative data set for biomass to test this approach. At a given location, VOD 
and biomass do not vary in the same pattern from year to year and for many types of plants, VOD seems 
to follow soil moisture (which should co-vary with the fraction of water in plants) better than it follows 
biomass itself. These results help clarify when VOD can and can't provide information about biomass.
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Key Points:
•  We test the common literature 

assumption that biomass 
interannual variability (IAV) follows 
vegetation optical depth (VOD) IAV

•  VOD-biomass relationship is driven 
almost entirely by spatial correlation, 
rather than temporal similarity

•  Regional-scale VOD IAV is often 
more sensitive to soil moisture than 
biomass, due to influence of plant 
water stress on VOD
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