
  

4.0 DIC, TAlk and anthropogenic CO2 distributions in the North Pacific 
 
4.1 Distributions of DIC and TAlk 
 
The lowest concentrations of DIC and TAlk in 
the North Pacific are observed in surface waters.  
Variations in surface carbon concentrations 
(DIC range:  1975 – 2200 µmol kg-1;  TAlk 
range:  2200 – 2400 µmol kg-1) are roughly 
correlated with salinity.  The general structure of 
the DIC and TAlk fields in the upper 1,000 m is 
similar to the density structure, suggesting that 
circulation plays a strong role in their 
distributions.  The highest DIC concentrations 
are found in the intermediate waters and form a 
large maximum (2325 – 2375 µmol kg-1) at 
approximately 1,800 – 2,200 m in the North 
Pacific (Fig. 4).  In contrast, TAlk 

concentrations show a local minima in the 
Antarctic Intermediate Water (AAIW) to the 
south and in the North Pacific Intermediate 
Water (NPIW) to the north (Fig. 5).  Below the 
NPIW, TAlk concentrations increase to a broad 
maximum at approximately 2,200 – 4,000 m 
(TAlk concentrations range from 2,400 – 2,460 
µmol kg-1).  The differences between the DIC 
and TAlk, particularly in intermediate waters, 
are caused by in-situ re-mineralization 
processes.  The DIC maximum is shallower than 
the TAlk maximum because the total inorganic 
carbon is more strongly influenced by the 
shallow re-mineralization of soft tissue organic 
matter, whereas the total alkalinity is more 
strongly influenced by the dissolution of calcium  

 
 

 
 
Fig. 4 Wedge-like cutout section of DIC (µmol kg-1) along 170°W, 30°N and 135°W in the Pacific 
Ocean. 



  

 
 
Fig. 5 Wedge-like cutout section of TAlk (µmol kg-1) along 170°W, 30°N and 135°W in the Pacific 
Ocean. 
 
 
carbonate particles deeper in the water column 
(Chen, 1990).  South of 30°N, bottom waters 
have lower DIC and TAlk concentrations than 
the waters at mid-depths because the northward 
moving bottom waters have not had time to 
accumulate as much carbon.  The southward 
moving waters at 2,000 – 3,000 m in the North 
Pacific are among the oldest waters in the global 
ocean (Stuiver et al., 1983). 
 
The zonal DIC and TAlk isolines shoal from 
west to east along the P2 section at 30°N in the 
North Pacific (Fig. 6).  Deep ventilation near the 
Kuroshio Extension and the subsequent 
circulation in the subtropical gyre generates the 
zonal gradients of DIC and TAlk in the upper 
1,500 m.  Both DIC and TAlk concentrations 
show the deepest ventilation near the coast and 

under the Kuroshio Extension, west of 160°E.  
These trends are also observed in the North 
Pacific chlorofluorocarbon (CFC) and 
anthropogenic CO2 distributions providing 
further evidence of stronger ventilation in the 
western Pacific (Warner et al., 1996. Sabine et 
al., 2002). 
 
4.2 Anthropogenic CO2 distributions 
 
The approach used here for estimating 
anthropogenic CO2 in the Pacific Ocean is based 
on the ∆C* method first described by Gruber et 
al. (1996).  Gruber et al. improved the earlier 
approaches of Brewer (1978) and Chen and 
Millero (1979) by developing the quasi-
conservative tracer, ∆C*.  The assumption is that 
the anthropogenic CO2 concentration (Cant) can  



  

 
 
Fig. 6 Vertical distributions of: a) DIC in µmol kg-1 and b) TAlk in µmol kg-1 in the WOCE/JGOFS 
section P2 along 30°N in the North Pacific. 
 
 
be isolated from measured DIC values (Cm) by 
subtracting the contribution of the organic and 
inorganic biological pumps (∆Cbio), the DIC the 
waters would have in equilibrium with a pre-
industrial atmospheric CO2 concentration of 280 
ppm (Ceq280), and a term (∆Cdiseq) that corrects 
for the fact that surface waters are not always in 
equilibrium with the atmosphere (air-sea 
difference in CO2 concentration expressed in 
µmol kg-1 of DIC): 

Cant = Cm – ∆Cbio – Ceq280 – ∆Cdiseq = ∆C* – 
∆Cdiseq (3) 
 
The three terms to the right of the first equal 
sign make up ∆C* (i.e., ∆C* = Cm – ∆Cbio – 
Ceq280), which can be explicitly calculated for 
each sample.  The fact that ∆C* is a quasi-
conservative tracer helps remedy some of the 

mixing concerns arising from the earlier 
techniques (Sabine and Feely, 2001).  The 
∆Cdiseq term is evaluated over small isopycnal 
intervals using a water-mass age tracer such as 
CFCs (Sabine et al., 2002).  
 
The biological correction in the ∆C* calculation 
has two components.  The organic component 
uses changes in apparent oxygen utilization 
(AOU), together with a stoichiometric C:O ratio, 
to estimate how much DIC has increased due to 
organic re-mineralization since leaving the 
surface.  The second component uses the 
difference between the measured total alkalinity 
(TAlk) and a pre-formed total alkalinity (TAlk°) 
to estimate the changes in DIC resulting from 
the dissolution of calcium carbonate particles.  
There is also a small organic adjustment on the 



  

carbonate correction term to account for the 
effect of the proton flux on TAlk.  The 
stoichiometric ratios used for the biological 
corrections are based on the work of Anderson 
and Sarmiento (1994). 
 
The Ceq280 term uses a linearized form of the 
carbonate equilibrium equations, together with 
the preformed alkalinity and an fCO2 value of 
280 µatm, to calculate the equilibrium DIC 
concentration. 
 
The ∆C* calculation used for this study is 
essentially the same as that originally defined by 
Gruber et al. (1996) with two small differences:  
a modification of TAlk° based on the new global 
survey data, and the addition of a denitrification 
term in the biological correction: 

∆C* = Cm – Ceq280 + 117/170(O2 – O2
(sat)) –  

1/2(TAlk – TAlk° – 16/170(O2 – O2
(sat))) +  

106/104N*anom, (4) 

where TAlk and O2 are the measured 
concentrations for a given water sample in µmol 
kg-1, O2

(sat) is the calculated oxygen saturation 
value that the waters would have at their 
potential temperature and one atmosphere total 
pressure (i.e. if they were adiabatically raised to 
the surface), and N*anom is the N* anomaly 
described later in this section. 
 
The TAlk° formulation of Gruber et al. (1996) 
was based on MLR fit of surface TAlk values 
from the GEOSECS, SAVE, and TTO cruises.  
Sabine et al. (1999) derived a revised TAlk° 
equation based on the WOCE/JGOFS Indian 
Ocean data.  The Pacific TAlk° term proposed 
by Sabine et al. (2002) was estimated using all 
of the Pacific alkalinity data shallower than 60 
m (~1,900 data points). The form of the equation 
is the same as that used by Sabine et al. (1999): 

TAlk° = 148.7(± 9) + 61.36(± 0.3) * S + 
 0.0941(± 0.005) * PO – 0.582(± 0.07) * θ (5) 

where PO is a quasi-conservative tracer similar 
to that introduced by Broecker (1974) (PO = 
dissolved oxygen – 170* phosphate (PO4)).  The 
standard error in the Pacific TAlk° equation is 

±9 µmol kg-1.  All four terms are highly 
significant as shown with a standard ANOVA 
analysis. 
 
Sabine et al. (2002) also proposed a correction 
to the biological adjustment in (3) to account for 
denitrification in the water column.  
Denitrification re-mineralizes carbon with a very 
different stoichiometric ratio to nitrogen than 
standard aerobic respiration (Anderson, 1995; 
Gruber and Sarmiento, 1997): 

C106H175O42N16P + 150 O2 = 106 CO2 +  
16 HNO3 + H3PO4 + 78 H2O (6) 
 
C106H175O42N16P + 104 NO3

- = 4 CO2 +  
102 HCO3

- + 60 N2+ HPO4
2- + 36 H2O (7) 

 
Sabine et al. (1999) estimated the denitrification 
signal using the N* tracer of Gruber and 
Sarmiento (1997).  The slightly more 
generalized N* tracer of Deutch et al. (2001) 
was used by Sabine et al. (2002): 

N* = N – 16*P + 2.90 (8) 
 
The only change from Gruber and Sarmiento 
(1997) was that their original equation was 
scaled by a factor of 0.87.  The revised equation 
is simpler and is more general because it 
removes built-in assumptions about the nitrogen 
loss from the organic reservoir (Deutsch et al., 
2001).  In practice, this modification actually has 
no impact on the final denitrification corrections 
since that signal is identified as an N* anomaly 
from the mean.  The mean N* value for this data 
set was –1.5 µmol kg-1, in agreement with the 
findings of Deutsch et al. (2001).  The 
denitrification stoichiometric ratio of 106/104 
from (7) (Gruber and Sarmiento, 1997) was used 
to correct the ∆C* values in Eq. (4), where N* 
showed a negative anomaly.  
 
For given isopycnal surfaces, the air-sea 
disequilibrium component can be discriminated 
from the anthropogenic signal using either 
information about the water age (e.g., from 
transient tracers such as CFCs or 3H-3He) or the 
distribution of ∆C* in regions not affected by 



  

the anthropogenic transient.  In the case where 
Canth can be assumed to be zero over some 
portion of an isopycnal surface (i.e., ∆C* = 0 + 
∆Cdiseq), the disequilibrium term is set equal to 
the average of the ∆C* values for that portion of 
the surface.  For shallow surfaces, that cannot be 
assumed to be free of anthropogenic CO2, we 
use the ∆C*t term of Gruber et al. (1996).  ∆C*t 
is derived in the same manner as ∆C*, but rather 
than evaluating the carbon concentration the 
waters would have in equilibrium with a pre-
industrial atmosphere, they are evaluated with 
respect to the CO2 concentration the atmosphere 
had when the waters were last at the surface.  In 
this study, calculations are based on the 
concentration ages determined from CFC-12 
measurements (∆C*t12): 

C*t12 = Cm – Cteq+117/170(O2 – O2
(sat)) –  

1/2(Talk – TAlk° – 16/170(O2 – O2
(sat))) +  

106/104N*anom, (9) 

where Cteq is DIC calculated from TAlk° and the 
atmospheric fCO2 value at the time the waters 
were last at the surface (date of sample 
collection minus CFC age).  The ∆Cdiseq terms 
for these surfaces are then set equal to the mean 
of the ∆C*t12 values on each surface.  
 
Several papers have been published recently 
evaluating the ∆C* approach for calculating 
anthropogenic CO2 (e.g. Wanninkhof et al., 
1999; Coatanoan et al., 2001; Sabine and Feely, 
2001; Orr et al., 2001).  It has been recognized 
that the evaluation of the ∆Cdiseq term is one of 
the most problematic steps in the estimation of 
anthropogenic CO2.  One important assumption 
in the evaluation of ∆Cdiseq is that the global 
mean air-sea CO2 disequilibrium has remained 
constant over time.  Although this assumption is 
consistent with most contemporary CO2 time-
series measurements in the Pacific (e.g. Inoue et 
al., 1995; Winn et al., 1998; Feely et al., 1999; 
Takahashi et al., 1999), it cannot be true over 
time-scales extending into the pre-industrial 
period or the oceans would not be acting as a 
sink for anthropogenic CO2.  Gruber et al. 
(1996) estimated that an average global uptake 
of about 2 Pg C yr-1 would correspond to an air-

sea disequilibrium of about 5 µmol kg-1 in 
∆Cdiseq.  If this signal is spread out over the 
entire record since pre-industrial times, it would 
be very difficult to see in the ∆C * value given 
the uncertainties in the calculation.  This 5 µmol 
kg-1 uncertainty can be considered the theoretical 
minimum detection limit for this technique as it 
is currently used. 
 
Anthropogenic CO2 concentrations in the North 
Pacific reach a maximum value of about 40 - 50 
µmol kg-1 in the subtropical surface waters (Fig. 
7).  These surface concentrations are slightly 
lower than observed in other oceans, but may 
reflect differences in the surface buffer factor of 
different oceans.  The distribution patterns of 
anthropogenic CO2 in the ocean interior 
generally follow density isolines.  The relatively 
shallow penetration of anthropogenic CO2 in the 
North Pacific is in strong contrast to the Atlantic 
distribution, where anthropogenic CO2 has 
penetrated all the way to the bottom in the 
northern high latitudes (Gruber et al., 1996; 
Wanninkhof et al., 1999; Körtzinger et al., 
1999).  These differences result from the lack of 
any significant deep-water formation in the 
North Pacific (Reid, 1997), and the long time-
scales for replacement of North Pacific deep 
waters from the south (Stuiver et al., 1983).  In 
the North Pacific, deep ventilation within the 
Kuroshio Extension and the subsequent 
circulation in the subtropical gyre generates a 
strong zonal gradient in the anthropogenic CO2 
penetration depth (Fig. 8).  At approximately 
30ºN (WOCE line P2), the 5 µmol kg-1 contour 
is found at a depth of about 500 m near the 
North American coast, but deepens to 
approximately 1,000 m off Japan.  The zonal 
gradient is also enhanced by the significant role 
that the Sea of Okhotsk plays in the formation of 
North Pacific Intermediate Water (Warner et al., 
1996).  Although no data from the Sea of 
Okhotsk were included in this analysis, Figure 9 
clearly shows unusually high anthropogenic CO2 
concentrations near the entrance to the Sea on a 
density surface that corresponds to the NPIW.  
The combined effect of the tilted density 
surfaces and the younger waters with higher  



  

 
 
Fig. 7 Wedge-like cutout section of anthropogenic CO2 (µmol kg-1) along 170°W, 30°N and 135°W in 
the Pacific Ocean. 
 

 
 
Fig. 8 Vertical distributions of anthropogenic CO2 (µmol kg-1) along the WOCE/JGOFS section P2 
(30°) in the North Pacific. 



  

anthropogenic CO2 content leads to higher total 
column inventories in the western North Pacific 
(Fig. 10).  The gyre circulation and mixing 
works to smear out the signal generating the 
broad feature observed in Figure 10.  The 
integrated amount of anthropogenic CO2 in the 

North Pacific is estimated to be 16.5 Pg C 
through 1994, north of the equator but not 
including the marginal seas (Sabine et al., 2002).  
This estimate is approximately 16% of the 
amount of anthropogenic CO2 taken by the 
global oceans (Feely et al., 1999). 

 

 
 
Fig. 9 Distribution of anthropogenic CO2 (µmol kg-1) on the 27.0 σθ surface in the North Pacific. 
 

 
 
Fig. 10 Map of anthropogenic CO2 column inventory (mol m-2) in the North Pacific. 



  

 
 
Fig. 11 Plot of the zonal total inventory in Pg C for the Pacific, Indian and Atlantic Oceans versus 
latitude.  Indian values are from Sabine et al. (1999).  Atlantic values are from Gruber (1998). 
 
 
In the higher northern latitudes, the area-specific 
water column inventories of the North Atlantic 
can be higher than in the North Pacific, because 
of the formation of North Atlantic Deep waters 
that transport anthropogenic CO2 into the ocean 
interior.  These large values are sufficient to 
make total inventories highest in the North 
Atlantic despite the larger area of the North 
Pacific (Fig. 11).  One should note that the North 
Atlantic values of Gruber (1998), given in 
Figure 11, represent inventories from the late 
1980s.  These values would be somewhat higher 
if they were scaled up to the WOCE timeframe. 
 
Since the exact distribution of anthropogenic 
CO2 cannot be directly measured, it is useful to 
compare estimates derived from different 
approaches.  Recently, Xu et al. (2000) 
examined the uptake and storage of 

anthropogenic CO2 with a medium resolution (2º 
x 2º x 28 levels) basin-wide OGCM of the North 
Pacific.  Their study tested the impact of 
changing the isopycnal diffusivity on the 
anthropogenic uptake of the model.  Although 
all of the model runs presented by Xu et al. 
suggested higher North Pacific inventories (19.4 
– 22.01 Pg C north of equator) than determined 
with this study, the model run with the lowest 
diffusivities gave results that were most 
consistent with the above estimates.  Likewise, 
models can help evaluate various observational-
based approaches.  For example, Xu et al. also 
compared their results in the western North 
Pacific with the results of Chen (1993a).  They 
noted that Chen had a deeper penetration and 
stronger meridional changes in penetration depth 
than could be generated with the model.  Our 
results, however, are much more similar to the 



  

model distributions with penetration depths 
close to 1,000 m and meridional changes in 
penetration depth about half (250 m) of that 
observed by Chen (1993a) in the western North 
Pacific. 
 
The ∆C* approach for estimating anthropogenic 
CO2 has been applied now in the three major 
oceans:  the Atlantic, Indian and Pacific.  Small 
modifications to the technique continue to 
improve the quality of the results.  Each time the 
technique is applied to a new region, new 
challenges are faced.  The basic principles of the 
technique, however, have remained the same 
and appear to be sound.  The total amount of 
anthropogenic CO2 inventory in the North 
Pacific is approximately 37% of the total for the 
Pacific Ocean (Sabine et al., 2002).  This 
relatively low inventory in the North Pacific 
primarily results from large-scale circulation 
within the Pacific.  The deep waters of the 
Pacific are among the oldest in the global 
oceans, and thus have not been exposed to 
anthropogenic contamination.  The lack of deep-
water formation in the North Pacific results in 
relatively little penetration of anthropogenic CO2 
into the ocean interior.  The tremendous area, 
diversity of habitats, and corrosiveness of the 
Pacific waters with respect to carbonate 
minerals, however, provide the potential for 
significant changes in carbon cycling in this 
ocean as a result of future climate change.  Some 
of these changes may lead to changes in the role 
of the Pacific as a sink for anthropogenic CO2.  
The global CO2 survey data and estimates 
provided here make an important baseline for 
assessing future changes in the Pacific carbon 
cycle. 
 
4.3 Temporal variations in anthropogenic 

carbon accumulation 
 
MLR analysis, as described by Brewer et al. 
(1995), and subsequently by others (Wallace, 
1995, Slansky et al., 1997, Goyet and Davis 
1997, Sabine et al., 1999), was used to estimate 
the anthropogenic CO2 increase in the North 
Pacific from data collected between 1973 and 

1999.  In this procedure, the coefficients that 
describe the naturally occurring variations in 
oceanic CO2 were calculated from a statistical 
model.  The model used salinity (S), potential 
temperature (θ), apparent oxygen utilization 
(AOU), and concentration of silicate (Si(OH)4) 
and phosphate (PO4) to construct a forward 
linear stepwise regression to predict DIC. 
 
The area chosen for this study was between 30 - 
50°N, and 140 - 180°W (Fig. 12).  All cruises 
within that region were included where high 
quality DIC data, along with other hydrographic 
parameters, was available throughout the water 
column (GEOSECS, NOAA ENP81, WHPs 
P16N, P15N, P2, P1, and NOPP). 
 
In order to predict the DIC using the MLR 
technique, the equation derived for the best 
functional form for the regional data was: 

DIC = aθ + bS + cAOU + dSi(OH)4 + ePO4 (10) 

where AOU, Si(OH)4 and PO4 are the measured 
concentrations for a given water sample in µmol 
kg-1. 
 
The DIC data were corrected to CRMs where 
available;  otherwise, the only correction made 
was –29 µmol kg-1 to the GEOSECS DIC 
(Takahashi, pers. communication).  A second-
order polynomial equation for all parameters 
used in the MLR for each cruise was then fitted 
against mid- to deep (1,250 – 3,500 m) σθ 
ranging from 27.48 – 27.78.  The deepest data 
(>3,500 m) was not used in the fit.  The 
individual parameters for each cruise were then 
adjusted throughout the water column relative to 
P16N data as necessary. 
 
Although the region of study crosses two major 
water mass systems (the subtropical gyre and 
subarctic gyre), a single set of P16N coefficients 
was used to predict DIC for each of the cruises.  
The mixed layer depth (MLD) for each cruise 
was determined using Levitus’ wintertime 
conditions.  MLD west of 160°W ranged from 
approximately 120 – 200 m, and 100 – 120 m 
east of 160°W.  Each cruise was separated into 



  

sections based on its MLD (surface to bottom of 
the MLD, and bottom of the MLD to 1,250 m).  
Anthropogenic CO2 does not generally extend 
deeper than 800 – 1,000 m in the region of study 
based on CFC penetration (Bullister, personal 
communication), and therefore we chose 1250 m  
 

as the bottom depth of our study in order to 
encompass that depth and slightly beyond.  
Since mixing mostly occurs along isopycnal 
surfaces, the residual data from each cruise were 
then binned according to σθ ranges and the mean 
and standard deviation were determined. 

 

 
 
Fig. 12 Station locations used for MLR analysis to assess temporal variability in anthropogenic carbon 
accumulation. 
 
 
Using P16N as a reference, the results of the 
MLR show an estimated CO2 uptake rate 
through the mixed layer of 1.3 ± 0.2 µmol DIC 
kg-1 yr-1 in the North Pacific (Fig. 13).  The 
uptake of CO2 below the MLD (Fig. 14) was 
calculated by two different methods, each 
yielding similar results.  The mean residual DIC 
for each cruise was plotted against time and an 
average slope was determined (0.62 ± 0.13 µmol 
kg-1 yr-1).  For comparison, a slightly more 

robust method was utilized for the deeper 
waters:  the σθ binned residuals for each cruise 
were averaged and divided by the age of the 
cruise relative to P16N.  The mean uptake rate 
of each cruise was then calculated, resulting in 
an estimate of 0.79 ± 0.4 µmol kg-1 yr-1.  The 
total integrated CO2 uptake from the surface to 
1,250 m is estimated to be approximately 1.1 ±  
0.4 mol C m-2 yr-1.   

 
 
 



  

 
 
Fig. 13 Estimated change in DIC content in the North Pacific mixed layer between 30-50°N and 140-
180°W. 
 

 
 
Fig. 14 Comparison of North Pacific DIC binned residuals (µmol kg-1) from the bottom of the MLD to 
1250m. 



  

Table 4 A comparison of anthropogenic CO2 uptake rates in the oceans. 
 

 
Total CO2  

uptake rate  
(mol C m-2 yr-1) 

CO2 uptake  
rate in the mixed 

layer  
(µmol DIC kg-1 yr-1) 

 
 
 

Area of Study 

 
 

Years of 
observations

 
 

Depth  
range (m) 

 
 
 

Reference 

0.83 ± 0.19 –– Northwestern 
Pacific 

1973-1991 Sfc-2000 Tsunogai et al. 
(1993) 

–– 1 Northwestern 
Pacific 

1984-1993 Sfc Inoue et al. (1995)

–– 0.75 to 0.90 S. Atlantic 1972-1993 Sfc-bottom Wallace (1995) 
0.63 ± 0.15 1.3 ± 0.7 Central North 

Pacific 
1973-1991 125-1250 Slansky et al. 

(1997) 
–– 1.7 Subtropical 

Atlantic 
1988-1998 Sfc-200 Bates et al. 

(1996a) 
0.5 1.3 Subtropical Indian 1991-1994 Sfc-5000 Metzl et al. (1998)

0.36 –– Tropical/ 
Subtropical Indian

1978-1995 300-1000 Peng et al. (1998)

0.4 –– Tropical/ 
Subtropical Indian

1973-1995 Sfc-2600 Sabine et al. 
(1999) 

0.9 ± 0.8 –– South Pacific 1973-1996 300-1250 Peng et al. 
(submitted for 
publication)  

1.3 ± 2.1 –– North Pacific 1973-1991 300-1250 Peng et al. 
(submitted for 
publication)  

1.1 ± 0.1 1.2 ± 0.2 Subtropical 
Pacific 

1988-1999 Sfc-225 Dore et al. 
(submitted for 
publication)  

0.39 ± 0.1 –– Pacific 1980-1999 Sfc-2000 McNeil et al. 
(2003)  

0.54 ± 0.1 –– Atlantic 1980-1999 Sfc-5000 McNeil et al. 
(2003)  

0.42 ± 0.2 –– Indian 1980-1999 Sfc-2000 McNeil et al. 
(2003)  

1.1 ± 0.4 1.3 ± 0.2 Central North 
Pacific 

1973-1999 Sfc-1250 This work 

 
 
Table 4 shows a comparison of the estimated 
uptake rates by various investigators in recent 
years for the Atlantic, Pacific and Indian 
Oceans.  The rates vary regionally by more than 
a factor of two, from 0.75 µmol kg-1 yr-1 in the 

South Atlantic, to 1.7 µmol kg-1 yr-1  in the 
Subtropical Atlantic.  In the North Pacific, the 
uptake rates at the surface range from 1.0 – 1.3 
µmol kg-1 yr-1. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


