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Implication of stem water cryogenic extraction
experiment foranearlierstudyisnotsupportedwith
robust context-specific statistical assessment
Jaivime Evaristoa,1, Yusuf Jameelb, and Kwok P. Chunc

Chen et al. (1) conclude that “the extraction error-
corrected result tends to nullify support for ecohydro-
logical separation as a globally widespread phenom-
enon” based on an extrapolation of results from a
carefully designed experiment under controlled con-
ditions. The extrapolation was performed using global
precipitation offset data (2) compiled from field-based
studies that showed “widespread occurrence of eco-
hydrological separation.” The precipitation offset de-
scribes the difference in the isotopic composition of
groundwater, stream water, soil water, and xylem water
from that of local (i.e., context-specific) precipitation,
which has a precipitation offset of zero. However, the
conclusion in Chen et al.’s reanalysis is not supported
with context-specific statistical analysis, which, in turn,
was the basis for the conclusion in the original study (2).

To establish support for Chen et al.’s (1) conclu-
sion, we ran the same suite of statistical tests that were
performed in the original study (2) after incorporating
Chen et al.’s recalculated precipitation offset of xylem
water that accounts for cryogenic vacuum distillation
(CVD)-caused bias (dxylem_c) (n = 1,079; see SI Appen-
dix in ref. 1). We implemented these tests only for the
subset of precipitation offset data where CVD was
used (37 of 47 studies). Using the original precipitation
offset of xylem water (dxylem), we found that ground-
water and stream precipitation offsets were statistically
different from dxylem in 29 of 37 studies (Table 1). Using
Chen et al.’s dxylem_c, we found that groundwater and
stream precipitation offsets were statistically different
in 28 of 37 studies (Table 1). These results show that,
when assessed on a per study basis, as the case was in
ref. 2, Chen et al.’s conclusion with respect to ecohy-
drological separation is not supported. However, the
distribution of dxylem_c is different, which may call for
rethinking of the original model (Fig. 1).

Notwithstanding, we underline two possible sour-
ces of uncertainty in Chen et al.’s (1) generalization.
Firstly, of the nine species in Chen et al.’s experiment,
only three species are present in the compilation
of field-based studies that represented 109 species
(2, 3). Secondly, the compilation of field-based stud-
ies represents a range of environmental conditions
(climate, soil texture, etc.) that are not comparable
to the sandy soil and controlled conditions in Chen
et al.’s experiment. Chen et al. did not account for
these sources of uncertainty in extending the gener-
alizability of their results with respect to ecohydro-
logical separation (2).

Our comment notwithstanding, Chen et al.’s (1) ex-
periment provides compelling evidence that calls for
cautious consideration of CVD as a water extraction
method. Some researchers find support for Chen
et al.’s finding (4), while others refute the same (5).

A diversity of conceptualizations regarding ecohy-
drological separation (e.g., refs. 6 and 7) have been
proposed since the publication of ref. 2. The main
objective of our comment is specific to Chen et al.’s
(1) claim regarding the implication of their work for
ecohydrological separation (2). Using the same statis-
tical tests performed in ref. 2, we have established
similar ecohydrological separation outcomes in both
original (dxylem) and recalculated (dxylem_c) precipita-
tion offsets: 78% and 76%, respectively, of field-
based studies that used stem water CVD extraction
provide support for ecohydrological separation.

Data Availability. The data used in the statistical tests
are the same data used by Chen et al. (1), which were
obtained from Evaristo et al. (2) (https://www.nature.
com/articles/nature14983#Sec11) and filtered follow-
ing Chen et al.’s approach (see SI Appendix in ref. 1).
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Table 1. Results of nonparametric tests on two levels, groundwater/stream and xylem water
precipitation offsets

Site/paper ID

dxylem dxylem_c

Prob>jZj Prob > ChiSq Prob>jZj Prob > ChiSq

2 <0.0001 <0.0001 0.2478 0.2468
3 0.0058 0.0055 0.0039 0.0037
4 0.2616 0.2207 0.6098 0.5403
5 <0.0001 <0.0001 0.0002 0.0002
6 0.0016 0.0016 0.6954 0.6839
7 0.0189 0.0143 0.3583 0.3074
8 <0.0001 <0.0001 0.0189 0.0188
9 <0.0001 <0.0001 0.0223 0.0221

10 0.302 0.2664 0.0472 0.039
12 0.0021 0.0019 0.0007 0.0007
13 0.6366 0.5708 0.0107 0.0082
14 0.1694 0.1674 <0.0001 <0.0001
15 0.0038 0.0037 <0.0001 <0.0001
16 <0.0001 <0.0001 0.8696 0.8578
17 <0.0001 <0.0001 0.1966 0.1893
18 <0.0001 <0.0001 0.0086 0.0086
19 0.0027 0.0026 0.1093 0.1063
20 0.0022 0.0018 0.0933 0.0826
21 0.0167 0.0164 <0.0001 <0.0001
22 0.3865 0.2482 0.1489 0.0833
23 <0.0001 <0.0001 0.0094 0.0093
24 <0.0001 <0.0001 0.006 0.006
26 <0.0001 <0.0001 <0.0001 <0.0001
27 <0.0001 <0.0001 <0.0001 <0.0001
29 0.0011 0.0009 0.0128 0.0112
30 0.4211 0.4124 0.001 0.0009
32 0.0171 0.0164 0.0437 0.042
35 <0.0001 <0.0001 <0.0001 <0.0001
36 0.0018 0.0016 0.007 0.0063
40 0.5076 0.5038 <0.0001 <0.0001
41 <0.0001 <0.0001 <0.0001 <0.0001
42 0.0135 0.0106 0.05 0.0408
43 <0.0001 <0.0001 0.0038 0.0038
44 <0.0001 <0.0001 0.0021 0.002
45 0.4306 0.4116 0.0001 0.0001
46 <0.0001 <0.0001 0.0051 0.005
47 <0.0001 <0.0001 0.031 0.0308

For these two levels, Prob>jZj and Prob > ChiSq columns show the P values of the Wilcoxon (Mann−Whitney) test based
on normal distribution approximations and the Kruskal−Wallis test based on one-way ChiSquare (ChiSq) approximations,
respectively. The dxylem is based on the precipitation offset values in ref. 2; dxylem_c is based on the CVD error-corrected
precipitation offset values using SI Appendix, equation S3 in ref. 1.
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Fig. 1. Histograms of (A) dxylem and (B) dxylem_c binned following the biome classification in ref. 2. The dashed red line (precipitation offset= zero)
serves as reference for quantifying the offset of environmental waters from local precipitation. Here, only precipitation offsets of xylem are
shown comparing the original (dxylem) and recalculated (dxylem_c) values.

Evaristo et al. PNAS | 3 of 3
Implication of stem water cryogenic extraction experiment for an earlier study is not
supported with robust context-specific statistical assessment

https://doi.org/10.1073/pnas.2100365118

D
ow

nl
oa

de
d 

at
 U

ni
ve

rs
ite

its
bi

bl
io

th
ee

k 
U

tr
ec

ht
 o

n 
Ju

ne
 1

, 2
02

1 

https://doi.org/10.1073/pnas.2100365118

