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[1] A global Rayleigh-type H18
2 O circulation model was forced by two reanalysis

products, the National Centers for Environmental Prediction/National Center for
Atmospheric Research reanalysis and the European Centre for Medium-Range Weather
Forecasts (ECMWF) 15-year reanalysis (ERA15) data sets, and the Global Network of
Isotopes in Precipitation database was used to validate for 1979–1993 on monthly to
interannual scales. Over Europe, ERA15 better matched observations at both timescales,
owing mainly to better precipitation fields in ERA15, while in the tropics both produced
similarly accurate isotopic fields. The isotope analyses diagnose accuracy of twodimensional water circulation fields in data sets with a particular focus on precipitation
processes but in a slightly different manner over middle and high latitudes than over low
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1. Introduction
H18
2 O)

[2] Stable water isotopes (HDO and
in precipitation are tracers for the atmospheric hydrologic cycle
because their compositions are physically influenced by
complex atmospheric behavior (e.g., water vapor advection, condensation, or evaporation). Many observational
studies have examined precipitation isotopes since
Dansgaard [1964] [e.g., Welker, 2000; Stern and Blisniuk,
2002; Longinelli and Selmo, 2003; Kurita et al., 2003].
Interpretation is complicated because simultaneous processes may cause similar isotopic variations [Burde and
Zangvil, 2001].
[3] Studies incorporating water isotopes into atmospheric
general circulation models (AGCMs) have influenced
general and global interpretations of precipitation isotopes
[e.g., Jouzel et al., 1987; Hoffmann et al., 1998; Vuille et
al., 2003]. Study results, however, are limited by the
accuracy of AGCMs. Even though they have reasonably
captured the major isotopic climatology, they seem to
have difficulty reproducing ‘‘actual’’ short-term (eventbased or daily) events [Hoffmann et al., 2000] or inter-
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annual isotopic signals and variability [Werner and
Heimann, 2002].
[4] Yoshimura et al. [2003] developed a simpler global
model, namely, a Rayleigh-type isotope circulation model,
that uses a Rayleigh equation and external meteorological
forcings (see Figure 1). The model reproduces actual daily
H18
2 O variability over the subtropics, particularly Thailand,
and monthly averages of the variability at global scales.
Yoshimura et al. [2003] argued that the moisture transport
system at large scales is the main control of isotopic
variability of precipitation. Thus a reanalysis atmospheric
data set may yield a better estimate of global moisture
transport than the estimate yielded by self-generated atmospheric fields in AGCMs. They also highlighted the utility
of isotopic analysis with the model: In case wrong hydrologic transport is simulated for the wrong reasons, isotopes
can help in the diagnosis of problems.
[5] Later, on the other hand, Lawrence et al. [2004]
intensively surveyed vapor and rain isotopes in the tropics
and noted better understanding of the cause of isotopic
variability by the use of satellite and radar data combined
with trajectory analyses. They indicated that precipitation or
vapor flux convergence at and upwind from the sampling
locations is the critical factor.
[6] The arguments of Yoshimura et al. [2003] and
Lawrence et al. [2004] are substantially very similar even

D20109

1 of 13

D20109

YOSHIMURA ET AL.: REANALYSES EVALUATION BY ISOTOPES

D20109

@ ðdwW Þ
¼ r  ðdwQÞ þ deE  dpP:
@t

Figure 1. Schematic representation of the Rayleigh-type
isotope circulation model from Yoshimura et al. [2003].

though their methods are different. The former uses the
Eulerian transport method and quantitatively and implicitly
computes the isotopic effect of upwind precipitation over
the whole globe in one computation, while the latter
adopted the Lagrangian approach to analyze the effect more
directly but for some specific locations.
[7] The control experiment by Yoshimura et al. [2003],
however, was only 7 months long, which is not long enough
to compare thoroughly with available observations. This
study extends isotopic simulations by using two different
reanalysis data sets to examine isotopic variability reproduction, particularly at interannual scales. Furthermore,
reanalysis data sets were also compared to observed data
sets.
[8] Section 2 describes the isotope circulation model and
data, including reanalyses and observations. Section 3
compares simulation results to observations. Section 4
identifies the characteristics of the reanalysis data sets that
most impacted the simulated isotope fields. Section 5
provides a summary and conclusions.

2. Model Description and Simulation Design and
Observational Database
2.1. Model Description and Simulation Design
[9] This study used a 2.5  2.5 version of the isotope
circulation model of Yoshimura et al. [2003]. The model is
global (except for poleward regions of 85N and 85S
because of the Courant-Friedrichs-Lewy condition), with
one vertical layer. The model’s distinctive feature is its
simplicity: Rayleigh isotopic fractionation employed with
the total vapor column and precipitation amount, constant
isotopic values of evaporative flux, and complete mixing of
vapor in a grid box every model time step. In addition to
and in contrast to these simplifications, the model uses
forcing variables from external meteorological data sets to
reproduce a realistic water cycle.
[10] Global water and H18
2 O cycles are computed by
maintaining the atmospheric water balance (equation (1))
[Oki et al., 1995] and the isotopic mass balance (equation
(2)) [Yoshimura et al., 2003], respectively, with an upstream
scheme at each grid point at every time step:
@W
¼ r  Q þ ð E  PÞ
@t

ð1Þ

ð2Þ

W, Q, P, and E are the forcing variables and represent
precipitable water, vertically integrated horizontal vapor flux
vector (consists of zonal and meridional fluxes), precipitation, and evaporation computed from reanalyses, respectively; dw, dp, and de are the isotope ratios of precipitable
water, precipitation, and evaporation, respectively.
[11] For the forcing variables, W, Q, P, and E, two sets
were calculated from the following two reanalysis data sets:
the National Centers of Environmental Prediction and
National Center for Atmospheric Research (NCEP/NCAR)
reanalysis (NRA1) data set [Kalnay et al., 1996] and the
European Centre for Medium-Range Weather Forecasts
(ECMWF) 15-year reanalysis (ERA15) data set [Gibson et
al., 1997]. The resolutions of both reanalyses were converted to 2.5  2.5 and were 6-hourly for the period from
0000 UTC on 1 January 1979 to 1800 UTC on 31
December 1993. Global isobaric wind speeds and specific
humidity fields were used to calculate precipitable water, W,
and vertically integrated vapor flux, Q. Precipitation is
given as the sum of convective precipitation and large-scale
condensation.
[12] For isotopic values of evaporative flux, de, the
model uses the same three time-independent constant
values as Yoshimura et al. [2003]: 9.4% on seas,
10% on land between 40N and 40S, and 15% on
other land because this study is mainly focused on isotopic
variability caused by the moisture transport system rather
than on the effect of isotopic variability of evaporative
sources. This simplification perhaps leads to biases to
some extent, particularly systematic underestimation (see
sections 3.1.1 and 3.1.2).
[13] For the poles the model does not calculate but rather
assigns a constant value for polar vapor isotopes (dwp =
30%) poleward of 85N or 85S. This might lead to other
biases as described in section 3.1.2, too.
[14] Then, the model computes d18O in precipitable water
and precipitation by using Rayleigh equation (3) [Yoshimura
et al., 2003]:

dw ¼

!


W a1 
3
1 þ 10 dw*  1  103
W*

dp ¼

dw*  dw WW*
1  WW*

:

ð3Þ

W and dw are the precipitable water and its isotopic ratio,
respectively, W* and dw* are W and dw just before
precipitation occurs (W* = W + PDt), dp is the isotopic
ratio of precipitation, and a is the fractionation factor.
[15] The two sets of forcing variables were used to
drive the model, namely, ‘‘NRA1 run’’ and ‘‘ERA15
run.’’ The model time step, Dt, is 10 min; the d18O in
precipitation is weighted by the precipitation amount to
yield a daily averaged value. Monthly weighted averages
or annual averages can be computed from daily values.
Specifications for the two simulations are displayed in
Table 1.
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Table 1. Specifications of NRA1 and ERA15 Simulations
Valuea
General Specifications
Spatial resolution
Simulation period
Model time step

2.5  2.5
1 Jan. 1979 to 31 Dec. 1993
10 min

Meteorological Forcing Variables
Precipitable water, W
from NCEP/NCAR
Vapor flux, Q
from NCEP/NCAR
Evaporation, E
from NCEP/NCAR
Precipitation, P
from NCEP/NCAR
Isotopic Parameters
Fractionation factor, a
Isotope ratio of E, de, for sea
Isotope ratio of E, de,
for high-latitude land
Isotope ratio of E, de,
for low-latitude land
Polar vapor isotope, dwp

or
or
or
or

ECMWF
ECMWF
ECMWF
ECMWF

1.0094
9.4%
15%
10%
30%

a

Values for meteorological forcing variables are taken from NCEP/
NCAR analysis for the NRA1 run and from ECMWF 15-year reanalysis for
the ERA15 run.

2.2. Observational Database
[16] The Global Network of Isotopes in Precipitation
(GNIP) database (International Atomic Energy Agency
and World Meteorological Organization, 2001, accessible
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online at http://isohis.iaea.org) was used to compare simulated d18O in precipitation with observed d18O. The observational data are reported as monthly values. Model results
were carefully compared to corresponding observations.

3. Results
3.1. Monthly Results and Validation
3.1.1. Comparisons in Vienna and Bangkok
[17] Figures 2 and 3 show monthly precipitation d18O
variations at Vienna and Bangkok for 1979 – 1993 from the
NRA1 run and the ERA15 run compared with GNIP
monthly observations. Vienna and Bangkok were used to
represent Europe and southern Asia; at both sites, observational data are available for the entire 15-year period.
Moreover, Yoshimura et al. [2003] validated daily data at
Bangkok for 1998 and 1999.
[18] At Vienna (Figures 2a and 3a), observed precipitation d18O decreased in winter and increased in summer. The
amplitude of seasonal variation varied from year to year but
was 10% on average. In the NRA1 run, however, simulated precipitation d18O was steady around 10%, and the
seasonal cycle was not reproduced. In contrast, the ERA15
run successfully reproduced seasonality, although the seasonal cycle amplitude was smaller, owing to underestimation of summer precipitation d18O. The two runs showed
quite different simulated monthly precipitation d18O at
Vienna; isotopic seasonality was more realistic in the

Figure 2. Fifteen-year variations in monthly precipitation d18O from National Centers of Environmental
Prediction and National Center for Atmospheric Research reanalysis (NRA1) (crosses with solid lines),
European Centre for Medium-Range Weather Forecasts 15-year reanalysis (ERA15) (circles with dashed
lines), and available Global Network of Isotopes in Precipitation (GNIP) observations (diamonds with
solid lines). (a) Vienna and (b) Bangkok.
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Figure 3. Scatterplots of Figure 1. Monthly precipitation d18O from NRA1 (crosses) and ERA15
(circles) runs are compared with corresponding GNIP observed data. The dotted line and the dashed line
indicate linear regression of the NRA1 and ERA15 runs, respectively. (a) Vienna and (b) Bangkok.
ERA15 run. The correlation coefficient (R) of the ERA15
run was 0.74 and thus statistically significant at a level
exceeding 99%. In contrast, the null hypothesis cannot be
rejected with R = 0.03 for the NRA1 run.
[19] At Bangkok, NRA1 and ERA15 showed similar
results. Both reflected strong seasonality, i.e., depletion in
summer and enrichment in winter. This seasonality was
echoed in the observations, which correlated to NRA1 and
ERA15 at significance levels exceeding 99% (0.69 and 0.72
for NRA1 and ERA15, respectively). However, simulated
values were generally smaller. The mean bias for comparable data was 5.6 and 4.6% in the NRA1 and ERA15 runs,
respectively.
[20] This systematic bias results from simplifications in
the model, most likely because of underestimation of
isotopic values of evaporative flux from seas (de =
10%). For instance, Craig and Gordon [1965] assumed
a closed isotopic balance between evaporation and the
mean precipitation (de = 4%). Afterward, isotopeAGCM studies, particularly that of Jouzel and Koster
[1996], argued limitation of the closure assumption and
recommended the use of isotope-AGCM output. For
example, isotopic composition of marine evaporation
should have variability in a range more enriched than
10% according to European Center/Hamburg (ECHAM)
output [Hoffmann et al., 1998].
[21] Again, this paper aims to capture isotopic variability
caused by the moisture transport system. Therefore it
adopts constant isotopic values for evaporative flux; nevertheless, the model reproduced the variability of precip-

itation isotopes. Hence it is arguably noted that the
moisture transport system, including fractionation derived
from upwind precipitation, horizontal mixing by vapor
flux, and supply by evaporation, controls isotopic fields
of vapor and precipitation.
3.1.2. Global Validation of Monthly Results
[22] The global maps in Figure 4 show the correlation
coefficient distributions for all available observation sites.
The GNIP observational data have various periods so that
the number of data during the simulation differs for each
site as shown in Table 2. Furthermore, even if observational
data exist, simulated monthly precipitation d18O may be
missing if the monthly precipitation in the reanalysis is zero.
Figure 4 shows all sites with more than nine pairs of
comparable observed and simulated data (5% of all
180 months). Both the NRA1 (Figure 4a) and ERA15 runs
(Figure 4b) have 283 such sites.
[23] A clear difference is evident over western Eurasia
(WE) (see Figure 4). In contrast, there is little difference
over other regions except in mid-Eurasia (the northwestern
part of eastern Eurasia (EE)). As shown in Figure 5, 92 out
of 116 sites correlate with observations at the 99% significance level for the ERA15 run in WE; only 4 out of 116
show such correlation levels in the NRA1 run. There is little
difference between the two runs in EE and elsewhere, where
results from both models agree well with observations.
[24] In contrast, Figure 6 shows global distributions of
systematic error (mean bias). In a global sense, there is little
difference in mean bias between the two results except for
the WE region, where random errors offset systematic
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Figure 4. Global distribution of correlation coefficients between GNIP observations and simulated
predictions using monthly data: results from the 15-year run with (a) NRA1 and (b) ERA15. Circles
indicate observational sites with statistically significant correlations at a level exceeding 99%, triangles
indicate a level exceeding 90%, and crosses indicate sites where the null hypothesis cannot be rejected at
the 90% confidence level. Regions within 1000 km of any site are shaded. Regional abbreviations
represent North America (NA), South America (SA), western Eurasia (WE), eastern Eurasia (EE), Africa
(AF), Oceania (OC), and maritime regions (MR).
biases. In most sites in both runs, some extent of underestimation is notably seen. Underestimation of isotopic ratios
of marine evaporative sources, as described in section 3.1.1,
is one possible cause. Larger biases in regions near seas

(central America and western Europe) than in inland regions
(Brazil and eastern Europe) can perhaps support this idea.
However, this cannot explain all results, for example, larger
negative biases in the inland region of south China. For this
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Table 2. Available Monthly Data in Global Network of Isotopes
in Precipitation Observations for the 15-Year Period Categorized
by Regionsa
WE
EE
AF
OC
NA
SA
MR
Total

>80%

50 – 80%

20 – 50%

5 – 20%

Total

Others

31
1
0
2
1
1
2
38

17
4
0
5
0
4
5
35

31
24
5
1
13
17
6
97

37
27
6
3
7
34
7
121

116
56
11
11
21
56
20
291

172
54
26
7
32
37
40
368

a

Regional abbreviations are given in Figure 3.

region, ‘‘continental cycling ratio’’ (land-originated precipitation) is the highest level [Yoshimura et al., 2004;
Bosilovich et al., 2002]. Thus too low values for landoriginated evaporative sources may produce this problem.
In these regards, reasonable estimates of evaporative isotopes would be expected for further improvement of the
model. Furthermore, in the northern region of North America, there are positive biases; only in this region, particularly
west of the Hudson Bay, northerly vapor transports are
dominant in both reanalyses, resulting in inflow of overly
enriched polar vapor, i.e., dwp = 30%.
3.2. Annual Results and Validation
[25] In this section the reproducibility of interannual
variability is examined using weighted annual averages
from which seasonality has been eliminated. The weighted
annual d18O was calculated from GNIP monthly observations only where observed monthly totals exceeded 10 mm.
Precipitation totals of <10 mm were assumed to be zero in
the calculation. This procedure avoided gaps in the observations but did not affect annual results because weighted
annual d18O strongly depends on the precipitation in wet
months. However, many gaps in the GNIP observations
remained. Only 56 sites had more than five annual precipitation d18O data in this 15-year period. Of these, 38 sites
were located in WE.
[26] Figure 7 shows time series of 15-year interannual
variations in weighted d18O annual anomalies from the
GNIP observations, NRA1 run, and ERA15 run at eight
sites, which represent each region shown in Figure 4. The
eight sites are Bad Salzuflen, Germany, and Vienna,
Austria (WE region); Ottawa, Canada (NA region); Midway Island, United States (MR region); Hong Kong,
China, and Bangkok, Thailand (EE region); Brisbane,
Australia (OC region); and Buenos Aires, Argentina
(SA region). No site is available for the AF region.
Interannual variations of precipitation amounts from the
three data sources are also shown.
[27] At Bad Salzuflen and Vienna, interannual variations from the ERA15 run agreed with observations, with
correlations of 0.95 and 0.81 (statistically significant at a
level >99%), respectively. Variations in the NRA1 run did
not agree with observations. At Ottawa neither result
resembled the observations. Even though the ERA15
run (R = 0.11) had a lower correlation than the NRA1
run (R = 0.50) at Ottawa, the ERA15 run better simulated
the enrichment peak in 1987. At Midway both runs
traced observed interannual variability with similar corre-
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lations (R = 0.69 and 0.83 for the NRA1 and ERA15
runs, respectively). At Hong Kong and Bangkok, results
from the two models were also similar, although the
correlation coefficients from the NRA1 run were slightly
higher at both sites. At Brisbane, results for both models
were similar to observations. In Buenos Aires the ERA15
run reproduced interannual variability better than the
NRA1 run. However, only 5 years of comparable data
exist for Buenos Aires.
[28] Figure 7 also shows better interannual variations of
precipitation in ERA15 at two European sites. In Figure 8,
precipitation fields from the reanalyses are compared to an
observation-based pentad precipitation by the Global Precipitation Climatology Project [Huffman et al., 1997].
Precipitation from ERA15 is more realistic than precipitation from NRA1 over large areas. Better precipitation may
lead to (or be derived from) a more realistic hydrologic
cycle and should result in better isotopic simulation. Indeed,
better simulated precipitation isotopes in the ERA15 run
correspond over western Eurasia (including Europe and
Russia), east of North America, and over the Caribbean.
However, in other regions, including the north edge of
North America and northeast of South America, the
ERA15 run did not show clear differences. It may be
possible to note that inaccurate precipitation over northeast
of South America in both reanalyses results in no improvement in either of the isotopic simulations. In this regard, we
further discuss what made the two different isotopic simulations in section 4.

4. Discussion: What Caused Different Isotopic
Simulations?
[29] Figure 9 compares daily variations in atmospheric
fields and simulated precipitation d18O by the NRA1 and
ERA15 runs for 1979 at Vienna and Bangkok. Figure 9

Figure 5. Number of sites in western Eurasia (WE),
eastern Eurasia (EE), and other regions categorized by
correlation significance levels (more than 99%, 95%, 90%,
and other) between the GNIP observations and the (a) NRA1
or (b) ERA15 runs.
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Figure 6. As in Figure 4 but for mean bias. Solid and dashed circles indicate negative biases
(underestimation) and positive biases (overestimation), respectively.
highlights the cause of similarities and differences between the two simulated isotopic fields. Atmospheric
fields include precipitable water, W; vapor fluxes, Ql
(zonal) and Qf (meridional); vapor convergence, r  Q;
precipitation, P; and evaporation, E. Even though analytic
fields, i.e., precipitable water and vapor fluxes (zonal and
meridional), are very similar in both reanalyses, deduced
convergence have some differences, and presumably,
forecasted products (i.e., precipitation and evaporation)
become very different. The differences in precipitation and
evaporation between the two reanalyses seemingly force the
different isotopic results at the two sites.
[30] Figure 10 displays 15-year-averaged correlations of
simulated daily precipitable water d18O (dw) fields, showing annual results (Figure 10a), northern summer (JuneJuly-August (JJA)) results (Figure 10b), and northern
winter (December-January-February (DJF)) results (Figure
10c) using the two runs. In low latitudes (between 30N
and 30S), particularly in monsoonal regions, correlations
in the annual results become more emphasized than JJA
and DJF because of clear seasonal changes. In contrast, in

middle and high latitudes, correlations remain at the same
level or even become lower in western Eurasia. Near the
North Pole, high correlations appear in JJA, but these are
due to the model limitation near the poles, i.e., northerly
vapor transport inflow into the constant pole vapor
isotopes (dwp).
[31] In low latitudes (30N–30S), results indicate similarity in simulated isotopic fields at continental subtropics
(between 10 and 30 in both hemispheres), but the
equatorial regions and the maritime regions, including
the Intertropical Convergence Zone and the South Pacific
Convergence Zone, show low correlations. In particular,
very low values appear over northeast of the southern
Pacific. These spatial correlation patterns correspond with
those of precipitable water (also those of precipitation and
evaporation) between two reanalyses (Figure 11) and,
interestingly, those between NRA1 and observations by
Trenberth and Guillemot [1998]. It presumably reflects
that the poorly defined tropical structures in both reanalyses resulted in high variation in hydrologic cycles,
particularly similar and robust cycles over continents and
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Figure 7. Interannual anomaly variability of weighted annual averages using NRA1 (crosses with
shaded lines) and ERA15 (circles with dashed lines) compared with the same interannual anomaly
variability from the GNIP observations (diamonds with solid lines). Annual precipitation amounts in
NRA1 (light gray bars) and in ERA15 (medium gray bars) compared with GNIP ground-based
observations of precipitation (dark gray bars) are also shown. Note that observed annual data are not
always available for all 15 years; some months have missing observations. (a) Bad Salzuflen, Germany;
(b) Vienna, Austria; (c) Ottawa, Canada; (d) Midway Island, United States; (e) Hong Kong, China;
(f ) Bangkok, Thailand; (g) Brisbane, Australia; and (h) Buenos Aires, Argentina.

different cycles over oceans, leading to corresponding
simulation isotopic fields. A lack of observational sites
with a plentiful number of precipitation isotope data makes
discussion on whether ERA15 simulated better or not over
these oceans difficult. In the future the collection of dense
and continuous observations is important.
[32] In contrast, over middle- and high-latitude regions
(>30), correlation is generally at a lower level than at low
latitudes: Large differences appear over maritime regions,
particularly over the Southern Ocean, and over continents,

including eastern Eurasia, Greenland, and the east and west
coasts of North America. Over these regions, even though
precipitable water and evaporation in both reanalyses are
very similar (Figure 11), simulated isotopic fields did not
become similar. This is due to two possible reasons. First,
precipitation (and precipitable water, vapor fluxes, and
evaporation, even though their differences are relatively
small) has more sensitivity on isotopic results over these
regions than over low latitudes. Second, vapor isotopes are
already influenced by accumulated fractionation effects
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Figure 8. Comparisons of precipitation fields of NRA1 and ERA15 with the Global Precipitation
Climatology Project (GPCP). Correlations of pentad precipitation amount for 1979 – 1993 between the
reanalyses and GPCP for (a) NRA1, (b) ERA15, and (c) the difference of the two correlations (ERA15
minus NRA1). Black shading indicates no data in the GPCP.
with precipitation upwind to the regions; precipitation over
middle and high latitudes is possibly influenced by isotopic
variations over low latitudes, resulting in relatively different
simulated isotopic fields.
[33] It is thus valid to argue that isotope simulations
and their analyses with observations can be used to
diagnose differences in the moisture transport system (in
other words, the hydrologic cycle) owing to differences in
precipitation processes. It might be useful to make
diagnoses of global or regional hydrologic data sets
(e.g., reanalyses, global circulation model (GCM) output,
and observations). However, this diagnosis of isotopes
should be used carefully. Reproducibility of precipitation
d18O is evaluated in a slightly different manner over low
latitudes than over middle and high latitudes. Over
middle and high latitudes, isotopic reproducibility tends
to be lower, but more sensitive to precipitation fields,
than that over low latitudes. In short, the isotopic evaluation is more severe over middle and high latitudes.
Discussion on underlying processes that make different
precipitation in ERA15 and NRA1 should be interesting,
but it would most likely lead us to issues regarding
complicated and sophisticated parameterizations of their
respective GCMs. Therefore further inquiry into parameterization issues is out of the main scope of this paper,
and they are not discussed here.

5. Summary and Conclusion
[ 34 ] Two reanalyses, the NCEP/NCAR reanalysis
(NRA1) and the ECMWF 15-year reanalysis (ERA15),
were applied to an isotope circulation model [Yoshimura

et al., 2003] to determine model accuracy and examine the
quality of forced reanalyses. The global network of isotopes
in precipitation (GNIP) data validated 15-year simulations
(1979– 1993) at monthly and interannual timescales. The
ERA15 data set reproduced monthly isotopic variations
better, particularly in Europe, where 94 out of 116 sites
correlated with observations at levels exceeding 99%; only
4 sites had the same correlation levels in the NRA1 results.
Over the rest of the globe, little difference was evident in
simulated isotope fields; both models adequately reproduced variability of the observed precipitation d18O.
[35] There remained systematic biases to some extent.
These seem to be due to the model simplifications; too
simple evaporative isotopic values caused underestimations,
and the model’s technical limitation near the poles caused
overestimation.
[36] Interannual variability in precipitation isotopes was
also examined, although only a relatively small number
of stations could be compared to the models at longer
timescales. Only 56 sites had more than 5 years of annual
observed data in the 15 years. Similar to the monthly
results, however, the ERA15 simulation matched observations better over Europe; over the rest of the globe,
ERA15 and NRA1 yielded similar agreements with
observations.
[37] The spatiotemporal distribution of precipitation from
ERA15 is more accurate than that from NRA1 over large
areas, and it leads to a more reasonable hydrologic cycle,
resulting in the better ERA15 isotopic simulation over
western Eurasia (including Europe and Russia), east of
North America, and over the Caribbean. However, for other
regions with better precipitation, including the north edge of
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Figure 9. (a – f ) Daily variations in atmospheric fields and (g) simulated precipitation d18O in the NRA1
and ERA15 runs for 1979 at Vienna. (h – m) Daily variations in atmospheric fields and (n) simulated
precipitation d18O in the NRA1 and ERA15 runs for 1979 at Bangkok. The atmospheric fields include
precipitable water, W (Figures 9a and 9h); zonal vapor flux, Ql (Figures 9b and 9i); meridional vapor
flux, Qf (Figures 9c and 9j); vapor convergence, r  Q (Figures 9d and 9k); precipitation, P (Figures 9e
and 9l); and evaporation, E (Figures 9f and 9m).
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Figure 10. Fifteen-year averaged correlation coefficients of daily precipitable water d18O between the
NRA1 and ERA15 runs. For (a) all 15 years, (b) northern summer (June-July-August (JJA)), and
(c) northern winter (December-January-February (DJF)).

11 of 13

D20109

D20109

YOSHIMURA ET AL.: REANALYSES EVALUATION BY ISOTOPES

D20109

Figure 11. Global distributions of 15-year averaged correlation coefficients between NRA1 and ERA15
for daily (a) precipitable water, (b) precipitation, and (c) evaporation.
North America and northeast of South America, the ERA15
run did not show clear isotopic differences. A possible
reason is that overly inaccurate precipitation cannot improve
the isotopic simulations.

[38] Isotope simulations and their analyses with observations reflect accuracy of the moisture transport system (i.e.,
hydrologic cycle) with a focus on correctness of precipitation processes. It might be useful for diagnoses of global or
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regional hydrologic data sets (e.g., reanalyses, GCM output,
and observations). However, reproducibility of precipitation
d18O should be carefully evaluated over low latitudes and
middle and high latitudes: Over middle and high latitudes,
isotopic reproducibility tends to be lower, but more sensitive to precipitation fields, than that over low latitudes. In
short, the isotopic evaluation is more severe over middle
and high latitudes.
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