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Abstract

Globally, reservoirs are a significant source ofna@ipheric C@ However, precise

quantification of greenhouse gas emissions fromkihig water reservoirs on the regional or
national scale is still challenging. We calculate@, fluxes for 39 German drinking water
reservoirs during a period of 22 years (1991-2Qis3)g routine monitoring data in order to

guantify total emission of C{rom drinking water reservoirs in Germany.

All reservoirs were small net G@ources with a median flux of 167 g Ciyi*, which makes
gaseous emissions a relevant process for the oésemarbon budgets. In total, German
drinking reservoirs emit 44000 t of G@nnually, which makes them a negligible 0urce

in Germany. Fluxes varied seasonally with mediame$ of 30, 11, and 46 mmolai™ in
spring, summer, and autumn respectively. Differenbetween reservoirs appeared to be
primarily caused by the concentration of £@the surface water rather than by the physical
gas transfer coefficient. Consideration of shamntéuctuations of the gas transfer coefficient
due to variable wind had only a minor effect on &maual budgets. High G@mission only

occurred in reservoirs with pH < 7 and total alkiyi < 0.2 mEq . Annual CQ emission
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correlated exponentially with pH, making pH a shiiéeproxy for CQ emission from German

drinking water reservoirs.

1 Introduction
Reservoirs are a globally important source of tteeghouse gases (GHG) £€énd CH (St
Louis et al., 2000). Actually it is assumed thatltopower reservoirs globally emit 48 Tg C
as CQ and 3 Tg C as CH(Barros et al., 2011). Existing studies on GHG s=ioins from
reservoirs focus on hydroelectric dams in boreglomes and the tropics and on dammed
rivers. Drinking water reservoirs in the temperadee typically have a low trophic state and
GHG emissions are dominated by £8ecent results indicate that they are a smaliceoof
CO, to the atmosphere and can rather be a §i6k during summer (Knoll et al., 2013).
However, existing C®emission studies focus on few intensively studeservoirs (Diem et
al., 2012; Soumis et al., 2004; Tremblay et alQ3)0 Global inventories probably give a
realistic range of C®emissions from surface waters (Raymond et al. 3p0Aut precise
guantification of GHG from drinking water resensin the regional or national scale is still
challenging (McDonald et al., 2013; Seekell et2014).

Upscaling is usually done by applying the thin baeny layer (TBL) approach (Maclintyre et
al., 1995). CQ exchange across the water surface is driven ysitih and thus, regulated
by the concentration gradient between water andspimere and the physical gas transfer
coefficient K. K depends on the turbulence of th&ace water. Although there is more and
more evidence that K is also influenced by coneec{Read et al., 2012), in most studies it is
still derived from measured wind speed, using eitglirrquations (Cole and Caraco, 1998;
Crusius and Wanninkhof, 2003).

The concentration of CQOn surface waters is usually not directly measurat calculated
from two other measured parameters of the carb@yetem, namely total inorganic carbon
(TIC), pH, or total alkalinity (TA). Thus, minimurdata requirements are two parameters of
the carbonate system, water temperature, wind spet surface area. To obtain annual
budgets of C@emission, both differences among reservoirs angpoeal changes within a
system have to be considered. In practice, thera igde-off between high monitoring
frequency and spatial coverage of numerous ressnimcause not all systems can be
monitored with high temporal resolution. Usually £&»ncentration data are only available

for a few days of the year. Calculation of annuadidgets from such sporadic measurements
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may introduce systematic errors because high wintdat®ns probably contribute
significantly to annual emissions (Morales-Pinedaak, 2014). By combining routine
monitoring data of C@concentration from numerous German reservoirs tiigih temporal
resolution wind speed data from public weatheriatatwe check, whether the low temporal

resolution of routine monitoring introduces a sysdic bias in annual gas flux calculations.

The central aim of this study was to estimate theual emission of COfrom Germany
drinking water reservoirs using data from routiretev quality monitoring from a wide range
of reservoirs. By applying simple regression arialyge aimed to find out whether the €O
flux is primarily regulated by the gas transfer fficeent or by the CQ concentration. In
boreal surface waters, which are typically charisaed by low alkalinity and high dissolved
organic carbon (DOC) concentration, the A®@ncentration usually correlates well with the
DOC concentration (Jonsson et al., 2003; Whitfietdal., 2011), showing that aquatic
metabolism is a major driver of G@versaturation. In other regions, £ lakes seems to
be driven by DIC input from the catchment (McDonetdal., 2013). In high alkalinity lakes
in calcareous regions, GOversaturation is primarily caused by carbonatathering (Lépez
et al,, 2011; Marcé et al., 2015). We used oursdatéo get some information about the
principle drivers of the C©Oflux from low DOC, low alkalinity waters, which ertypical for

temperate drinking water reservoirs.
2 Material and Methods

2.1 Datasource

We used a database containing routine water qualibyitoring data from 39 German
drinking water reservoirs. Data were supplied by tbservoir operators and compiled in a
database in the framework of a research projectitathgsolved organic carbon in German
drinking water reservoirs (TALKO project). Availa@bata span a period of 22 years (1991-
2013). Typical datasets for single reservoirs doeth 10-20 years, the minimum period for a
single reservoir was 6 years with about monthhyadahe data include both reservoirs and
pre-dams, which are characterised by a constardrviatel. A first quality control of these
data was performed using R statistic software. $yign errors and rounding errors were
fixed using R functions. The dataset was checkedofwviously wrong data by defining

minimum and maximum possible values.

Hourly wind speed data were provided by the Gerieateorological Service (Deutscher

Wetterdienst) using the nearest weather statiosatth drinking water reservoir (Table S1).

3
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The median distance between reservoir and correspgpmeather station was 15 km (1 km —
38 km).

2.2 Calculations

The TBL approach (Macintyre et al., 1995; UNESC®]F2010) was adopted to estimate
CO, fluxes from the reservoirs surface. This metho@ésusemi-empirical equations to
calculate emission from concentrations of 00 the surface water and the £é&xchange
coefficient. The flux J [mmol COM? d] of gas from water to air (diffusive emissions)sva
calculated as the product of the gas exchangeicieeff and the difference between gas

concentrations in surface water and air (Equatjon 1
J=Kx [CQ(Water)'COZ(air)] (1)
Where

- COyuatenis the concentration of GGn surface water of the reservoir [u md) |

- COquai is the concentration in air equilibrated waterldglated from the C@partial
pressure in the air using Henry’s law).

- K [m dY is the gas transfer velocity approximated frone twind speed and
normalised to a Schmidt number of 600 (Crusius\&fasninkhof, 2003).

All calculations were done assuming a water deritly kg I*.

2.2.1 Surface water concentration of CO,

Because of the best data availability, we calcdl&&, from pH and TA, using the “seacarb”
package of R (Lavigne et al., 2014). Input parameteere water temperature, salinity =0,
depth=0, TA [mmol 1], and pH. For comparison, data were also calcdlatth CO2SYS

(Lewis and Wallace, 1998). Both tools gave the seesalts.

2.2.2 Concentration in air equilibrated water
We calculated the partial pressure of the gas énvihter if it were in equilibrium with the
atmosphere (C&ir [mmol ")) from the CQ partial pressure (pGin the ambient air

samples using Henry's law:
COZ(air) =P + Ky (2)

For pCQ in the atmosphere (P [patm]) we used hourly dathe atmospheric mixing ratio
of CO, [ppm] from the public monitoring station at Schaland (WMO World Data: Center

4
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for Greenhouse Gases http://ds.data.jma.go.jp/gdatfg/wdcgg.html). This station is

located in the southern part of the Black Foresumi@in range close to the top of mount
Schauinsland. It presents a reference site forathespheric background concentration in
Germany. The mixing ratios were converted to plapiassure by considering the altitude of

the particular reservoir:

—alt
P =mr X By, X escaleheight x 1076 3)
with mr being the C@mixing ration [ppm], B, = standard barometric pressure at sea level =
1 atm, alt = altitude of reservoir [m], and thelsdaeight being 8500m. K[atm | mol'] is

Henry's solubility coefficient for the actual watemperature.

2.2.3 Gas transfer velocities
There are several empirical expressions to detiae gas exchange coefficient (K) as a
function of wind speed and water temperature. Wiptatl the widely applied power function
presented in (Crusius and Wanninkhof, 2003):

21
K =[0168+(0228><U12c',2)]><[sg(§‘62j P

(4)
where
- Uy is the wind speed at 10m height [H,s
- SC is the Schmidt number for g®Wanninkhof, 1992):
SCeoz =1911.1 —118.11 X t + 3.4527 x t2 —0.04132 x t3 (5)

Where t is the water surface temperature [°C].

2.2.4 Calculation of seasonal budgets
The temporal resolution of our data was heterogesievhile gas transfer velocities could be
calculated with hourly resolution, G@oncentration data were typically available forde¥s

per year (4 to 293). To merge the data, we addbeguproaches:

a) “monthly” CO;, fluxes were calculated by temporal upscaling aof measured data.
For each C@ concentration data point we determined the meard wpeed for the
same day and computed a daily mean flux for theod@ampling. For each month we
computed the mean of all available flux data witthat particular month. If there

5
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were no CQ data available for a particular month, we rejedteat month from our
analysis.

b) For “hourly” CO;, fluxes we assigned a G@oncentration for each wind speed data
point. We used the measured aquatic,CGOncentration with the smallest time
difference to the particular wind data point.

Seasonal mean fluxes were calculated as: firstjiteans for each month were computed;
then the available monthly means were averagedmiitie following representative months:
spring (March-Mai), summer (June-August), and auty®eptember-November). For annual
budgets the annual daily median flux was multipled274 days, assuming that the £O
emissions are negligible during winter when resiesvare ice covered. Summarised data for

each reservoir are provided in Table S2.

2.3 Statistical Methods

The statistical relationships between £&yasion and different variables were calculated as
Spearman’s linear correlations. Data were testedldg-normality by the Kolmogorov-
Smirnov test. To test for the significance of seatdluctuations we computed Tukey Honest
significant differences in conjunction with ANOVAI statistical analyses were done using
R (R-Development-Core-Team, 2008).

3 Results

Surface CQ concentrations were between 0.002 and 11991 pfholHe annual median
concentrations in single reservoirs were mostlyowel00 umol T, with a few reservoirs
having very high concentrations up to 2.4 mmbl{fFigure 1a). The reservoirs were mostly
oversaturated with respect to €@nder-saturation was observed between May andb@ct

in 25 reservoirs. The median €Eoncentration of all reservoirs was 72 pmb{Table 1).

The reservoirs were typically exposed to low wipdeds, resulting in K values around 0.5 m
d* (Figure 1b). The reservoirs could be grouped imowind reservoirs, having a K below 1
m d*, and high wind reservoirs with k around 2 th d

If we consider all the seasons, we observed samifi seasonal differences in £0
concentration (ANOVA test: F14266.06, p= 0.002), fluxes (ANOVA test:;F34+3.72,
p=0.02) and gas transfer coefficient (ANOVA testy1£5¢8.48, p=0.0002). CO
concentrations were significantly higher in sprihgn in summer (Figure 2a, Figure Sla).
The gas transfer coefficient (resp. wind speed) sigusificantly higher in fall compared to the

other seasons (median 0.71 compared to 0.63)nfRigure 2b, Figure S1b). Consequently,
6
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fluxes were significantly lower in summer than ioring (Figure 2c, Figure Sl1c). Median
fluxes were 30, 11, and 46 mmol’rd™® in spring, summer, and autumn respectively. At t

variability of the flux was higher in spring andtaonn.

We calculated annual G@luxes for each reservoir with and without inclusiof hourly wind
data. Both approaches gave similar results, butisian of high resolution wind data often
resulted in higher fluxes (Figure 3). For 27 out38freservoirs the median annual £fDix
was higher, for 7 reservoirs it was unchanged (tkas 10% difference) while in 5 cases
fluxes calculated with hourly wind data were low&he median C@®flux, however, was
hardly different between the two approaches (Tablén example dataset (Figure 4) shows
the effect of short periods of high wind speedtmnftux. In this case, the annual median flux
was 71 and 132 g Cfny™* without and with consideration dourly wind speed data. The
median under-estimation for all studied reservairen not using high resolution wind data

was 22%.

On an annual scale, all reservoirs were a G@Qurce to the atmosphere (Figure 1c). By
multiplying the annual mean flux with the surfaceaawe get the total annual flux from each
reservoir. The combined annual €flux from all reservoirs in our database was 132§7
with a combined surface are of 35.56%ri we assume a total surface area of all German
drinking water reservoirs of 118 KnfKongeter et al., 2013), we can extrapolate d ©®

emission from all German drinking water reservoirg4091 t y.

A simple regression analysis shows that the anfluadl was regulated by the GO
concentration in the surface water rather thanheyphysical gas transfer (Figure 5). If we
analyse each reservoir separately, however, wenadgsesignificant correlations of the flux
both with CQ concentration and K. In 37 cases the flux wasifsagmtly correlated with C@
and in 32 cases with K. The fact that there wemeetations between K and flux for single
reservoirs but not when all data are analysed begethows that the relation between K and

flux was reservoir specific.

Since the flux was correlated with the £€bncentration and the GQoncentration was
calculated from pH and Alkalinity, the G@lux showed an exponential dependency on pH
(Figure 6a). High Cofluxes only occurred in reservoirs with a medidh 6.5, which is the
dissociation constant of &0O; (Stumm and Morgan, 1981). The pH dependency can be

expressed by the following equation:
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pH—4.94948

J =3.8573 + 5769.11406 X e 063378 (6)

We also observed a correlation with alkalinity witgh median fluxes only occurring in
reservoirs with alkalinity below 0.2 pEd I(Figure 6b). On the other hand, there was no
relation between DOC and G@ux (Figure 6¢). There was a significant trendstoaller (by
area) reservoirs having higher €€bncentrations (Spearman rank correlation rho3;004
0.006). For CQfluxes there seemed to exist a similar relatiart,the trend was statistically
not significant (rho=-0.23, p=0.1664).

4 Discussion

41 COzemission from German drinking water reservoirs

German drinking water reservoirs are net emittéS@, to the atmosphere. Our median £O
flux of 167 g C nf y* is high compared to the mean flux from hydroeleaeservoirs in the
temperate zone in the reviews of (St Louis et2000) (150 g i1 y*) and (Barros et al.,
2011) (120 g i1 y™%). A possible explanation is the high impact oéam water quality on the
drinking water reservoirs, caused by a typically lwvater residence time in the reservoirs.
Streams are known to be oversaturated with (Raymond et al., 2013), with small streams
typically having higher pC@ (Hotchkiss et al., 2015). Because of better wapeaality,
drinking water reservoirs are preferably locatediistream areas with higher stream pCO
This is supported by our observation of higher,@0ncentrations occurring often in small
reservoirs, confirming earlier results (Raymondakf 2013). It has been shown that the
gaseous Coloss is linked to hydrology and shorter residetice increases surface carbon

loss (Striegl and Michmerhuizen, 1998).

Compared to typical CQemission rates from temperate soils (745 + 421G/, (Bond-
Lamberty and Thomson, 2010)) or a typical Germardbsite (-550 + 91 g C fy*
(Grinwald and Bernhofer, 2007)), however, the apecific fluxes from drinking water
reservoirs are low. Considering further the smiadhaof all German drinking water reservoirs
(0.03 % of German surface area), {#nission from drinking water reservoirs is a ngigle

CO; source in the national G@nventory.

To investigate the significance of gaseous, @change for the reservoirs carbon budget, we
estimated the total TIC content of reservoirs bytiplying the median TIC concentration
with the water volume of the particular reservair those eight reservoirs for which TIC data

were available. Total TIC inventories of reservoivere between 1 t and 66 t resulting in

8
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theoretical CQ@residence times of 2 to 302 days. Thus, the anmB@alflux was of the same
order of magnitude as the TIC content of the paldicreservoirs, showing that the gaseous

CO, flux was a significant process in the reservoabon budget.

The observed seasonal pattern with low fluxes dusnmmer is consistent with earlier
observations (Halbedel and Koschorreck, 2013; Kabkl., 2013) and can be explained by
the seasonal stratification and depletion of ,G@ the surface water due to primary
production, and increased surface concentratiomglautumnal mixing (Wendt-Potthoff et
al., 2014). Taken together, spring and fall contiéll 87% to the annual G@missions. If the
focus is on the annual budget, we recommend teaser measuring efforts during the high
flux periods in spring and fall, on the cost ofdestensive monitoring during summer.
Another information gap is winter. In winter, Gemndrinking water reservoirs are usually
frozen, but the exact duration and timing of icearage is highly variable. GGemissions
from non frozen reservoirs during winter would het contribute to annual emissions. To
improve the accuracy of annual budgets, the exawttidn of ice cover have to be known for
each reservoir and year. Accumulation of Q@der ice is probably of minor relevance,
because water residence time in the reservoirswsduring high flow conditions in winter
and especially during snowmelt. Furthermore, outadgive no hint on high CO

concentrations during early spring.

Our median K of 0.70 mis virtually identical to the global average fakés and reservoirs
estimated from global wind data (0.74 fh @aymond et al., 2013)). It is well known that the
determination of K from wind speed is prone to scener, especially at low wind speed
(Crusius and Wanninkhof, 2003). The location of theather station represents another
source of error. All the weather stations usedtierreservoirs with high k-values are located
in more wind exposed crests. Four of the “high Kergoirs” were caused by the weather
station Zinnwald-Georgenfeld which is located af &7 a.s.l. in the Ore Mountains. Since the
reservoirs are located in valleys, £€@uxes in the “high K reservoirs” are probably ove
estimated. A way to circumvent this problem wouidtbe determination of reservoir specific
correction factors for the wind speed. Consideritige uncertainty related to the
representativeness of the wind data from publictinastations for the reservoirs, the use of
a constant K might introduce only a minor errorphing a constant K of 0.7 mi'dresults in

a median C@ emission from all reservoirs of 107 g°ny*, which is 28% lower than the
median flux calculated using monthly wind data. iMerpret this as an estimate of the error

caused by the non-representative location of weastetions. However, considering the

9
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observed low dependency of the flux on K, uncetyaiim the determination of K is probably

not a serious problem for our upscaling approach.

4.2  Effect of short term wind fluctuations

We found a significant under-estimation of the lt@anual CQ flux by 22% when only
considering wind data from the day of which we aisal CQ concentration data. This was
because we missed some high wind periods, espeiidthll, which contributed significantly
to the annual flux. Even if the local wind at tleservoir was not perfectly represented by the
weather stations, this conclusion is justified,csirthe probability for storm events was

probably comparable at the reservoir and correspgneeather station.

Our mean error of 22% is most probably a consergastimate because recently it has been
shown that wind does not only directly influencebiit due to enhanced surface mixing also
affects the surface concentration of g@®lorales-Pineda et al., 2014). Storm events csn al
affect pCQ by flushing CQ from the catchment into the lake (Vachon and dirg:o,
2014). In our case the error was highly case specfome reservoirs even showed an
opposite effect, most probably because low windopler were more frequent. Thus, an
analysis of typical wind patterns at a particukesarvoir should allow to predict whether the
inclusion of high frequency wind data have the pti& to significantly improve the CQlux

estimate for a particular site.

Besides periodic changes in wind speeds and statmese exists a typical diurnal wind
pattern at the reservoirs in our study. Wind igeéasing during the day and then calms down
around sunset and during the night. This diurn#lepa is included in our simple approach,
since we used the daily mean wind speed for ther&sslution flux calculation. The use of
wind data obtained during water sampling by hand-ménd meters, a common practice in
many studies, most probably overestimates the da@y flux, because low wind periods
during the night are not considered. However, wimadot the only factor causing diurnal
pattern. Recent research indicates that night-tiowing causes convective mixing near the
surface and thus, may enhance gas fluxes duringitie (Eugster et al., 2003; Read et al.,
2012). Neglecting this effect is probably the maieason for the commonly poor
parametrisation of K at low wind-speed (Cole andaCa, 1998) and would result in an
under-estimation of the real flux. Our study does consider the effect of convection on K
and thus, our annual budgets are probably consezvestimates. The role of convection and

a better parametrisation of K for upscaling deséuviner research.

10
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4.3 Regulation of the CO; flux

4.3.1 pCO, versus K

The difference in the C{flux between reservoirs was primarily caused b/ d¢bncentration

of CO; in the surface water rather than by the physigghange coefficient K. This was
caused by the higher between reservoir variabilitpCO, compared to K. Thus, to quantify
the annual flux in an unknown reservoir, high frecy monitoring of the Cf£concentration

is more important than increasing the quality of thind data. Since the surface £0O
concentration in the reservoirs is probably pred@mily determined by inflow water quality
rather than reservoir internal processes,, @issions are probably largely regulated by
catchment processes (Stets et al., 2009). Thisromnétudies showing that the g@mission
from lakes may be controlled by catchment proditgtiiMaberly et al., 2013) or carbonate
weathering (Marcé et al., 2015). Catchment proceasd inflow water quality are obviously
more important than hydrodynamics in regulating #maual CQ emission from German
drinking water reservoirs. The major effect of res& internal processes seems to be the
reduction of the C®flux during summer, caused by stratification amingry production
(Halbedel and Koschorreck, 2013). However, theceféd this flux reduction in summer is at
least partly compensated by enhanced fluxes ib&dhuse then GGrom the hypolimnion is
mixed to the surface. Because of the highly dynamaittire of these mixing processes, high
frequency monitoring of C®Owould increase the precision of the flux quandifion

especially in fall.

Besides these seasonal fluctuations, the €@@centration can also fluctuate diurnally, driven
by photosynthesis during the day. Thus, the daybfreampling should have an influence on
the quality of the C@data. We consider this effect less relevant in aage, since routine

water samples are taken during normal working houen CQ concentrations are probably

intermediate.

4.3.2 No correlation with DOC

Our results confirm earlier studies that the aqup€Q in temperate lakes and reservoirs
does not depend on the DOC concentration (McDoetlal., 2013). This is in contrast to
observations in boreal lakes and tropical watersrdBs et al., 2015), where often a
correlation between DOC and pg®as been observed. One reason could be that oG DO
concentrations (Table 1) are low compared to aajleverage of lakes (7.6 + 0.2 mJ).|

Boreal lakes typically contain even higher DOC a@nmcations (Sobek et al., 2007). More

11
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probable, however, is that any effect of DOC is kedsby the influence of TIC import from
the catchment and pH effects (Lopez et al., 20Thgre is no simple link between lake
metabolism and annual G@ux. The net annual C{ilux cannot be used to judge whether a
reservoir is net heterotrophic or not, since the fls both influenced by TIC transport and
metabolism (Stets et al., 2009).

4.4  pH as a proxy for the CO; flux

The CQ concentration in the reservoirs clearly correlatgth pH, confirming results from
Knoll et al., who found that the pH was the bestditor of pCQ in the Midwestern
reservoirs they studied (Knoll et al., 2013). A gémcorrelation between diffusive G@lux
and pH has been observed in 151 Danish lakes €Tedllal., 2012), 948 Florida lakes
(Lazzarino et al., 2009), and several reservoirshBoul and Lorke, 2015; Halbedel and
Koschorreck, 2013; Quifiones-Rivera et al., 201%nde et al., 2004). Thus, pH dependency
of the CQ flux seems to be a general observation in tempeyatface waters. These results
also highlight the importance of precise pH measergs for accurate surface water GHG
budgets (Herczeg and Hesslein, 1984). Becauses dbgarithmic nature, pH is especially
prone to analytical error. This is critical whenings routine monitoring data for GO

calculations.

The pH is a result of alkalinity (mainly influencdxry catchment geochemistry) and TIC
(influenced both by catchment processes and aguetiabolism) (Marcé et al., 2015; Miiller
et al., 2015). Especially between pH 5 and 7 ewveallschanges in COsignificantly alter the
pH. This effect is less relevant in DOC rich bor&#es, which are often acidic, and in
eutrophic lakes, were primary production shifts e to high values. In acidic waters the
situation is complicated by the fact that organs@s contribute to alkalinity (Abril et al.,
2015). This could be relevant in our high-emisgieservoirs, which are all low in alkalinity
(Figure 6b). Regardless the underlying mechanishesstrong correlation with pH suggests
the use of pH as a proxy for the £flux for modeling or upscaling. We calculated b,
flux from each reservoir from its mean pH{Jusing equation 6 (Fig. S2). The resulting
median CQ flux of was virtually identical to the flux obtaed from our monthly data (Table
1). As a rule of thumb, relevant G@missions do only occur in reservoirs with pH<d an

alkalinity below 0.2 pEq™.

The surprisingly good fit to pH can be partly expé&l by the rather uniform and low
alkalinity values. Larger differences in alkalinityould result in more variable pGGat

similar pH values. Thus, the use of pH as a prexyd0, emissions might be applicable only
12
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10

11

under low DOC, low alkalinity conditions as theyeaypical for German drinking water

reservoirs.
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Tables

Table 1. Descriptive statistics of annual median data fralinreservoirs K=gas transfer
coefficient, douny=CO, flux calculated using high resolution wind dat&oendiy=CO, flux
calculated using mean wind3CO; flux calculated from mean pH of each reservoir3®=

for DOC and pH annual means).

min max median mean SD
CO, [umol '] 15 2365 72 283 523
K [m d”] 0.5 2.17 0.7 0.9 0.5
Jhoury [g C m* y!] 14 7386 167 765 1545
Jmontny [g C m? y1] -3 6710 148 689 1518
Jon [g C m?yY 20 6271 146 769 1442
DOC [mg I'] (n=19)  0.92 6.15 3 318 1.44
pH 4.9 8.7 7.3 7.05  0.98
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Figure 1: Histograms of median annual data of ifferént reservoirs: a) C£concentration,

b) K, ¢) CQ flux. A Kolmogorov-Smirnov test showed that thealaere not log-normal
distributed.
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