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Figure 5. Time series of hourly �18O, �2H, d and w for legs 1–3 from SWI-13. The error bars denote hourly standard deviations of the 1 s
data.

of air masses that experience moistening due to ocean evap-
oration and warming due to heat exchange with the ocean.
They are initially cold and dry, and are advected over a rel-
atively warmer ocean, thereby triggering ocean evaporation
by a strong humidity gradient between the ocean and the at-
mosphere (Aemisegger and Papritz, 2018). For the southern-
most bin, the higher T at the moisture source compared to the
adjacent bin to the north hints towards more equatorwards
sources and transport within the warm sector of an extratrop-
ical cyclone, which can explain the relatively enriched SWI
composition in this bin closest to Antarctica.

Similar meridional variations, as seen here for �18O and
�2H in water vapour, have been observed for SWIs in pre-
cipitation (Araguás-Araguás et al., 2000; Feng et al., 2009).
These meridional SWI variations are interpreted tradition-
ally as the isotopic depletion of air masses due to rainout
and were described by Dansgaard (1964) as the “tempera-
ture effect”. Previous measurements of SWIs in water vapour
in the Atlantic Ocean show a similar meridional gradient
with highest values in the tropics (around �10 ‰ for �18O)
and lowest in polar regions (around �35 ‰ for �18O; Bonne
et al., 2019). Close to the Equator, Liu et al. (2014) ob-
served slightly different patterns of meridional variations in
their measurements of SWIs in water vapour from the Indian
Ocean. They showed a depletion in SWIs in water vapour

in the tropics compared to the subtropics. This is probably
due to the proximity of the southeast Asian land masses and
the influence of deep convective precipitation systems in the
tropics, conditions that were not encountered during the SWI
measurements in the Atlantic Ocean. There are a few peri-
ods of depleted �18O in the tropics in the measurements by
Bonne et al. (2019) (see their Fig. 1), similar to the precipi-
tation event in the tropics during ACE, which led to a strong
short-term isotopic depletion of the MBL by 12 ‰ in �18O
due to convective downdrafts and below-cloud interaction of
hydrometeors with MBL vapour (see leg 0 at 2� N in Fig. 4).
Due to the rare occurrence of tropical rainfall along the ACE
track, the direct SWI imprint of isotopically depleted rainfall
in the tropics might be underestimated compared to climato-
logical conditions.

The meridional distribution of d (Fig. 6c) with a peak in
the tropics at median values of ⇠ 15 ‰ and minima around
0 ‰ close to Antarctica is in line with the d predicted
from local hSST and SST conditions using reanalysis data
in Aemisegger and Sjolte (2018) based on the closure as-
sumption of Merlivat and Jouzel (1979). Meridional vari-
ations in hSST at the measurement location are weak with
larger hSST,IQR at higher latitudes (Fig. 6f). The local hSST
measurements are anti-correlated with d, as shown in Fig. 7
as expected from detailed analyse of hSST versus d in water
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of air masses that experience moistening due to ocean evap-
oration and warming due to heat exchange with the ocean.
They are initially cold and dry, and are advected over a rel-
atively warmer ocean, thereby triggering ocean evaporation
by a strong humidity gradient between the ocean and the at-
mosphere (Aemisegger and Papritz, 2018). For the southern-
most bin, the higher T at the moisture source compared to the
adjacent bin to the north hints towards more equatorwards
sources and transport within the warm sector of an extratrop-
ical cyclone, which can explain the relatively enriched SWI
composition in this bin closest to Antarctica.

Similar meridional variations, as seen here for �18O and
�2H in water vapour, have been observed for SWIs in pre-
cipitation (Araguás-Araguás et al., 2000; Feng et al., 2009).
These meridional SWI variations are interpreted tradition-
ally as the isotopic depletion of air masses due to rainout
and were described by Dansgaard (1964) as the “tempera-
ture effect”. Previous measurements of SWIs in water vapour
in the Atlantic Ocean show a similar meridional gradient
with highest values in the tropics (around �10 ‰ for �18O)
and lowest in polar regions (around �35 ‰ for �18O; Bonne
et al., 2019). Close to the Equator, Liu et al. (2014) ob-
served slightly different patterns of meridional variations in
their measurements of SWIs in water vapour from the Indian
Ocean. They showed a depletion in SWIs in water vapour

in the tropics compared to the subtropics. This is probably
due to the proximity of the southeast Asian land masses and
the influence of deep convective precipitation systems in the
tropics, conditions that were not encountered during the SWI
measurements in the Atlantic Ocean. There are a few peri-
ods of depleted �18O in the tropics in the measurements by
Bonne et al. (2019) (see their Fig. 1), similar to the precipi-
tation event in the tropics during ACE, which led to a strong
short-term isotopic depletion of the MBL by 12 ‰ in �18O
due to convective downdrafts and below-cloud interaction of
hydrometeors with MBL vapour (see leg 0 at 2� N in Fig. 4).
Due to the rare occurrence of tropical rainfall along the ACE
track, the direct SWI imprint of isotopically depleted rainfall
in the tropics might be underestimated compared to climato-
logical conditions.

The meridional distribution of d (Fig. 6c) with a peak in
the tropics at median values of ⇠ 15 ‰ and minima around
0 ‰ close to Antarctica is in line with the d predicted
from local hSST and SST conditions using reanalysis data
in Aemisegger and Sjolte (2018) based on the closure as-
sumption of Merlivat and Jouzel (1979). Meridional vari-
ations in hSST at the measurement location are weak with
larger hSST,IQR at higher latitudes (Fig. 6f). The local hSST
measurements are anti-correlated with d, as shown in Fig. 7
as expected from detailed analyse of hSST versus d in water
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à interesting variations! Why?
What are the meteorological processes that determine these variations?
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of air masses that experience moistening due to ocean evap-
oration and warming due to heat exchange with the ocean.
They are initially cold and dry, and are advected over a rel-
atively warmer ocean, thereby triggering ocean evaporation
by a strong humidity gradient between the ocean and the at-
mosphere (Aemisegger and Papritz, 2018). For the southern-
most bin, the higher T at the moisture source compared to the
adjacent bin to the north hints towards more equatorwards
sources and transport within the warm sector of an extratrop-
ical cyclone, which can explain the relatively enriched SWI
composition in this bin closest to Antarctica.

Similar meridional variations, as seen here for �18O and
�2H in water vapour, have been observed for SWIs in pre-
cipitation (Araguás-Araguás et al., 2000; Feng et al., 2009).
These meridional SWI variations are interpreted tradition-
ally as the isotopic depletion of air masses due to rainout
and were described by Dansgaard (1964) as the “tempera-
ture effect”. Previous measurements of SWIs in water vapour
in the Atlantic Ocean show a similar meridional gradient
with highest values in the tropics (around �10 ‰ for �18O)
and lowest in polar regions (around �35 ‰ for �18O; Bonne
et al., 2019). Close to the Equator, Liu et al. (2014) ob-
served slightly different patterns of meridional variations in
their measurements of SWIs in water vapour from the Indian
Ocean. They showed a depletion in SWIs in water vapour

in the tropics compared to the subtropics. This is probably
due to the proximity of the southeast Asian land masses and
the influence of deep convective precipitation systems in the
tropics, conditions that were not encountered during the SWI
measurements in the Atlantic Ocean. There are a few peri-
ods of depleted �18O in the tropics in the measurements by
Bonne et al. (2019) (see their Fig. 1), similar to the precipi-
tation event in the tropics during ACE, which led to a strong
short-term isotopic depletion of the MBL by 12 ‰ in �18O
due to convective downdrafts and below-cloud interaction of
hydrometeors with MBL vapour (see leg 0 at 2� N in Fig. 4).
Due to the rare occurrence of tropical rainfall along the ACE
track, the direct SWI imprint of isotopically depleted rainfall
in the tropics might be underestimated compared to climato-
logical conditions.

The meridional distribution of d (Fig. 6c) with a peak in
the tropics at median values of ⇠ 15 ‰ and minima around
0 ‰ close to Antarctica is in line with the d predicted
from local hSST and SST conditions using reanalysis data
in Aemisegger and Sjolte (2018) based on the closure as-
sumption of Merlivat and Jouzel (1979). Meridional vari-
ations in hSST at the measurement location are weak with
larger hSST,IQR at higher latitudes (Fig. 6f). The local hSST
measurements are anti-correlated with d, as shown in Fig. 7
as expected from detailed analyse of hSST versus d in water
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of air masses that experience moistening due to ocean evap-
oration and warming due to heat exchange with the ocean.
They are initially cold and dry, and are advected over a rel-
atively warmer ocean, thereby triggering ocean evaporation
by a strong humidity gradient between the ocean and the at-
mosphere (Aemisegger and Papritz, 2018). For the southern-
most bin, the higher T at the moisture source compared to the
adjacent bin to the north hints towards more equatorwards
sources and transport within the warm sector of an extratrop-
ical cyclone, which can explain the relatively enriched SWI
composition in this bin closest to Antarctica.

Similar meridional variations, as seen here for �18O and
�2H in water vapour, have been observed for SWIs in pre-
cipitation (Araguás-Araguás et al., 2000; Feng et al., 2009).
These meridional SWI variations are interpreted tradition-
ally as the isotopic depletion of air masses due to rainout
and were described by Dansgaard (1964) as the “tempera-
ture effect”. Previous measurements of SWIs in water vapour
in the Atlantic Ocean show a similar meridional gradient
with highest values in the tropics (around �10 ‰ for �18O)
and lowest in polar regions (around �35 ‰ for �18O; Bonne
et al., 2019). Close to the Equator, Liu et al. (2014) ob-
served slightly different patterns of meridional variations in
their measurements of SWIs in water vapour from the Indian
Ocean. They showed a depletion in SWIs in water vapour

in the tropics compared to the subtropics. This is probably
due to the proximity of the southeast Asian land masses and
the influence of deep convective precipitation systems in the
tropics, conditions that were not encountered during the SWI
measurements in the Atlantic Ocean. There are a few peri-
ods of depleted �18O in the tropics in the measurements by
Bonne et al. (2019) (see their Fig. 1), similar to the precipi-
tation event in the tropics during ACE, which led to a strong
short-term isotopic depletion of the MBL by 12 ‰ in �18O
due to convective downdrafts and below-cloud interaction of
hydrometeors with MBL vapour (see leg 0 at 2� N in Fig. 4).
Due to the rare occurrence of tropical rainfall along the ACE
track, the direct SWI imprint of isotopically depleted rainfall
in the tropics might be underestimated compared to climato-
logical conditions.

The meridional distribution of d (Fig. 6c) with a peak in
the tropics at median values of ⇠ 15 ‰ and minima around
0 ‰ close to Antarctica is in line with the d predicted
from local hSST and SST conditions using reanalysis data
in Aemisegger and Sjolte (2018) based on the closure as-
sumption of Merlivat and Jouzel (1979). Meridional vari-
ations in hSST at the measurement location are weak with
larger hSST,IQR at higher latitudes (Fig. 6f). The local hSST
measurements are anti-correlated with d, as shown in Fig. 7
as expected from detailed analyse of hSST versus d in water
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of air masses that experience moistening due to ocean evap-
oration and warming due to heat exchange with the ocean.
They are initially cold and dry, and are advected over a rel-
atively warmer ocean, thereby triggering ocean evaporation
by a strong humidity gradient between the ocean and the at-
mosphere (Aemisegger and Papritz, 2018). For the southern-
most bin, the higher T at the moisture source compared to the
adjacent bin to the north hints towards more equatorwards
sources and transport within the warm sector of an extratrop-
ical cyclone, which can explain the relatively enriched SWI
composition in this bin closest to Antarctica.

Similar meridional variations, as seen here for �18O and
�2H in water vapour, have been observed for SWIs in pre-
cipitation (Araguás-Araguás et al., 2000; Feng et al., 2009).
These meridional SWI variations are interpreted tradition-
ally as the isotopic depletion of air masses due to rainout
and were described by Dansgaard (1964) as the “tempera-
ture effect”. Previous measurements of SWIs in water vapour
in the Atlantic Ocean show a similar meridional gradient
with highest values in the tropics (around �10 ‰ for �18O)
and lowest in polar regions (around �35 ‰ for �18O; Bonne
et al., 2019). Close to the Equator, Liu et al. (2014) ob-
served slightly different patterns of meridional variations in
their measurements of SWIs in water vapour from the Indian
Ocean. They showed a depletion in SWIs in water vapour

in the tropics compared to the subtropics. This is probably
due to the proximity of the southeast Asian land masses and
the influence of deep convective precipitation systems in the
tropics, conditions that were not encountered during the SWI
measurements in the Atlantic Ocean. There are a few peri-
ods of depleted �18O in the tropics in the measurements by
Bonne et al. (2019) (see their Fig. 1), similar to the precipi-
tation event in the tropics during ACE, which led to a strong
short-term isotopic depletion of the MBL by 12 ‰ in �18O
due to convective downdrafts and below-cloud interaction of
hydrometeors with MBL vapour (see leg 0 at 2� N in Fig. 4).
Due to the rare occurrence of tropical rainfall along the ACE
track, the direct SWI imprint of isotopically depleted rainfall
in the tropics might be underestimated compared to climato-
logical conditions.

The meridional distribution of d (Fig. 6c) with a peak in
the tropics at median values of ⇠ 15 ‰ and minima around
0 ‰ close to Antarctica is in line with the d predicted
from local hSST and SST conditions using reanalysis data
in Aemisegger and Sjolte (2018) based on the closure as-
sumption of Merlivat and Jouzel (1979). Meridional vari-
ations in hSST at the measurement location are weak with
larger hSST,IQR at higher latitudes (Fig. 6f). The local hSST
measurements are anti-correlated with d, as shown in Fig. 7
as expected from detailed analyse of hSST versus d in water
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of air masses that experience moistening due to ocean evap-
oration and warming due to heat exchange with the ocean.
They are initially cold and dry, and are advected over a rel-
atively warmer ocean, thereby triggering ocean evaporation
by a strong humidity gradient between the ocean and the at-
mosphere (Aemisegger and Papritz, 2018). For the southern-
most bin, the higher T at the moisture source compared to the
adjacent bin to the north hints towards more equatorwards
sources and transport within the warm sector of an extratrop-
ical cyclone, which can explain the relatively enriched SWI
composition in this bin closest to Antarctica.

Similar meridional variations, as seen here for �18O and
�2H in water vapour, have been observed for SWIs in pre-
cipitation (Araguás-Araguás et al., 2000; Feng et al., 2009).
These meridional SWI variations are interpreted tradition-
ally as the isotopic depletion of air masses due to rainout
and were described by Dansgaard (1964) as the “tempera-
ture effect”. Previous measurements of SWIs in water vapour
in the Atlantic Ocean show a similar meridional gradient
with highest values in the tropics (around �10 ‰ for �18O)
and lowest in polar regions (around �35 ‰ for �18O; Bonne
et al., 2019). Close to the Equator, Liu et al. (2014) ob-
served slightly different patterns of meridional variations in
their measurements of SWIs in water vapour from the Indian
Ocean. They showed a depletion in SWIs in water vapour

in the tropics compared to the subtropics. This is probably
due to the proximity of the southeast Asian land masses and
the influence of deep convective precipitation systems in the
tropics, conditions that were not encountered during the SWI
measurements in the Atlantic Ocean. There are a few peri-
ods of depleted �18O in the tropics in the measurements by
Bonne et al. (2019) (see their Fig. 1), similar to the precipi-
tation event in the tropics during ACE, which led to a strong
short-term isotopic depletion of the MBL by 12 ‰ in �18O
due to convective downdrafts and below-cloud interaction of
hydrometeors with MBL vapour (see leg 0 at 2� N in Fig. 4).
Due to the rare occurrence of tropical rainfall along the ACE
track, the direct SWI imprint of isotopically depleted rainfall
in the tropics might be underestimated compared to climato-
logical conditions.

The meridional distribution of d (Fig. 6c) with a peak in
the tropics at median values of ⇠ 15 ‰ and minima around
0 ‰ close to Antarctica is in line with the d predicted
from local hSST and SST conditions using reanalysis data
in Aemisegger and Sjolte (2018) based on the closure as-
sumption of Merlivat and Jouzel (1979). Meridional vari-
ations in hSST at the measurement location are weak with
larger hSST,IQR at higher latitudes (Fig. 6f). The local hSST
measurements are anti-correlated with d, as shown in Fig. 7
as expected from detailed analyse of hSST versus d in water

Atmos. Chem. Phys., 20, 5811–5835, 2020 www.atmos-chem-phys.net/20/5811/2020/

5824 I. Thurnherr et al.: Meridional and vertical SWI variations in water vapour

Figure 9. Mean cyclone frequencies (coloured contours, %) and geopotential height at 850 hPa (black contours, metres) are shown for
legs 1–3 (a) and legs 0 and 4 (b). The mean anticyclone frequencies (orange, dashed contours, %) for legs 0 and 4 are additionally plotted
in panel (b). The thick black line shows the ship tracks for legs 1–3. The dashed and dotted black lines show the ship track of legs 0 and 4,
respectively. ECMWF operational analysis data were used to produce this figure.

ferences. Therefore, physical reasons to explain the vertical
SWI variations are discussed in this section. Only legs 1–
3 are analysed because ocean surface state measures and
sea salt concentrations are available solely for the Southern
Ocean part of the cruise and because we expect different pro-
cesses to affect the near-surface isotopic composition in the
tropics compared to the extratropics. The data are shown in
5 min resolution in this section, because turbulence varies on
subhourly timescales.

The vertical gradients sampled during ACE be-
tween the two measurement points at 13.5 and
8 m a.s.l. amount to �0.5 [�0.9 . . . 0.0] ‰m�1 for
�2H (numbers in brackets denote the 65 % percentile
range), �0.10 [�0.16 . . . �0.02] ‰m�1 for �18O and
0.3 [0.1 . . . 0.6] ‰m�1 for d (Fig. 10) with overall more
depleted vapour and higher d at the higher elevation than
closer to the sea surface. These gradients are approximately
twice as large for �18O and about the same order of mag-
nitude for �2H as the ones obtained from aircraft-based
measurements in the MBL in the Mediterranean (Sodemann
et al., 2017). Since the measurements during ACE were
performed much closer to the surface, different vertical
gradients can be expected. The vertical gradient in d of this
study is opposite to the one observed by Sodemann et al.
(2017) and to several profiles by Salmon et al. (2019). For
the profiles in the aforementioned studies, cloud processes
might have played an important role in shaping the negative
vertical d gradient. Such processes can be neglected for
near-surface measurements in the absence of fog. Vertical

SWI gradients measured in the Mediterranean between 20.35
and 27.9 m a.s.l. on a research vessel (Gat et al., 2003) are
an order of magnitude smaller for �18O and about the same
order of magnitude for d with large positive gradients in d

(0.6 ‰m�1) in the eastern Mediterranean during conditions
with high stability of the air column. Furthermore, the best
representation of the vertical SWI gradients in idealised box
models was achieved if the box models included sea spray
evaporation (Gat et al., 2003). We will study the influence
of vertical atmospheric stability and sea spray evaporation
on vertical SWI gradients further by considering in situ
measurements of sea spray and wave age.

4.2.1 Sea spray and wave age

The dependence of 113�8 on local environmental conditions
is examined to identify the processes that shape the vertical
SWI gradients. The observed vertical gradients show a wind
dependency with larger negative 113�8�

2H and 113�8�
18O

for high wind speeds and, to a smaller extent, for very low
wind speeds compared to intermediate wind speeds (Fig. 10).
d shows a weaker wind dependency than �18O and �2H with
largest positive 113�8d for low wind speeds. According to
this dependency, three wind regimes are defined: (I) low
wind speed < 6 m s�1, (II) intermediate wind speed between
6 m s�1 and 16 m s�1, (III) high wind speed > 16 m s�1.
Regime III shows the most extreme vertical SWI gradients,
except for 113�8d , for which regime I shows the largest ver-
tical gradients (see Table A2). The large 113�8 of the � val-
ues in regime III coincide with high sea spray concentrations
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Figure 9. Box plots showing median (black horizontal line in box),
interquartile range (boxes), mode (black dots) and [5, 95] percentile
range (whiskers) of (a) �18O, (b) �2H and (c) d from ACE mea-
surements (solid lines, dark colours) and COSMOiso simulations at
the lowest model level (dashed lines, light colours) during cold tem-
perature advection (blue), zonal flow (grey) and warm temperature
advection (orange).

vection according to the COSMOiso simulations disagrees
with the observed classification (see black crosses in Fig. 7).
These measurement points and their associated trajectories
are excluded from the following analysis. The very low
1Tao < �5.0 �C and very high 1Tao > 7.0 �C in the ACE
measurements are not seen in COSMOiso (Fig. 7e). These in-
stances belong to a katabatic wind event and a vertical dry in-
trusion event, respectively, for which COSMOiso did not cor-
rectly simulate the meteorology. These events are included in
the analysis as the identification of cold or warm temperature
advection agrees in the model and the measurements.

The simulated isotope variability is in agreement with
the measurements with a Pearson correlation coefficient ⇢

of 0.75 for �2H, 0.69 for �18O and 0.67 for d (Fig. 7).
COSMOiso reasonably reproduces the measured SWI vari-
ability and composition during ACE. The same qualitative
distribution of the cold and warm temperature advection SWI
signal is seen with a shift in �2H and �18O towards nega-
tive values for all temperature advection regimes and a shift
in d towards positive values during cold temperature advec-
tion and zonal flow compared to the measured composition
during ACE (Fig. 9). This difference specifically during con-
ditions with important contributions of water vapour to the
MBL by ocean evaporation could be caused by too strong
a vertical mixing in the COSMOiso simulations. This effect
could also lead to the slightly lower specific and relative
humidity in the simulation compared to the measurements
(Fig. 7d, f). The vertical temperature gradient in the MBL
can be used as a measure of vertical mixing. During cold

advection, the vertical temperature structure in the MBL is
generally simulated well by COSMOiso (Fig. 8). The simu-
lated median vertical temperature profile shows a tempera-
ture inversion around 150 hPa a.s.l., which lies above the in-
version in the measured profiles at 130 hPa a.s.l. This sup-
ports the hypothesis that COSMOiso has too strong a verti-
cal mixing as a higher inversion height implies more mixing.
Furthermore, too strong an entrainment at the MBL top in
COSMOiso could also contribute to the observed difference
in SWIs during cold temperature advection. These findings
show that the environmental conditions during cold tempera-
ture advection, i.e. during conditions of strong ocean evapo-
ration, are not well reproduced in COSMOiso. The simulated
median temperature profile during warm advection shows, in
accordance with the measured profile, a stable MBL. Due
to the model’s vertical resolution, very strong temperature
inversions in the radiosoundings are not represented in the
simulated profiles. This is most likely the reason for the neg-
ative temperature bias in the simulated profiles during warm
advection.

A further reason for the differences between the measure-
ments and simulations could originate from the formula-
tion of non-equilibrium isotopic fractionation in COSMOiso.
Using a weaker, wind-independent formulation of the non-
equilibrium fractionation factor by Merlivat and Jouzel
(1979) (in the smooth regime at 6 m s�1) instead of the
currently used formulation by Pfahl and Wernli (2009) in
COSMOiso simulations with parameterised convection leads
to a decrease in d by, on average, 2 ‰, on the lowest model
level over the ocean surface (Jansing, 2019). The larger neg-
ative bias in �18O compared to �2H in COSMOiso could also
be explained by too strong a non-equilibrium fractionation
using the formulation by Pfahl and Wernli (2009). However,
the simulations using the formulation by Merlivat and Jouzel
(1979) also show a decrease in d variability above oceanic
areas (Jansing, 2019). As we are interested in the processes
shaping the SWI variability in the MBL, the formulation by
Pfahl and Wernli (2009) is more adequate to use here as the
SWI variability in the measurements and simulations agrees
well.

To better understand the difference in SWIs between mea-
surements and COSMOiso simulations, further studies are
needed such as the detailed analysis of case studies based on
extensive 3D data sets as, for example, collected during the
Iceland Greenland Seas Project (Renfrew et al., 2019). Even
though near-surface simulated and measured isotope signals
do not agree everywhere, the COSMOiso simulations capture
the observed variability of the isotopic composition and pro-
vide similar distributions of isotope variables as the obser-
vations for the three advection categories. These simulations
will thus be used for an assessment of the relevant processes
shaping the isotopic composition of water vapour in the MBL
during cold and warm temperature advection.

https://doi.org/10.5194/wcd-2-331-2021 Weather Clim. Dynam., 2, 331–357, 2021
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General conclusions about our SPI-funded polar research

• Scientifically very successful

• Research opportunities that would never have happened without SPI

• Start of new (and nice!) collaborations at ETH, in CH & internationally

• Polar research is infrastructure-heavy, expensive, and comparatively 

inflexible (e.g., we could not influence the ship track :-)

• It’s a serious investment for a normal research group, but feasible 

thanks to SPI support and teamwork across CH

à I can wholeheartedly encourage you to work with SPI, apply for some 

of their grants, and thereby strengthen your links with CH polar science


