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Biogeochemical transformation
processes along lateral gradients

Christoph Humborg
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e Improve understanding on biogenic element
inputs from the catchment

e Disentangle dynamics of terrestrial and marine
derived DOM

e The role of DOC, DON and DOP on PP, pCO,
denitrification etc patterns



Land cover of the Baltic Sea Basin

Ledwith (2003), GLC2000 project
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Urban areas
Bare areas
Cultivated land
Pastures and natural grassland

Open herbaceous vegetation with shrubs
Lichens and mosses

Cropland-woodland mosaic

Wetlands

Snow and ice

Sparse vegetation

Broadleaved deciduous closed forest
Broadleaved deciduous open forest
Mixed closed forest

Mixed open forest

Needleleaved closed forest
Needleleaved open forest

Water



Land cover of the Baltic Sea Basin

B \Vixed open forest

- Needleleaved closed forest
B N\eedleleaved open forest




Land cover of the Baltic Sea Basin

B \Vixed open forest

- Needleleaved closed forest
B Needleleaved open forest




Land cover of the Baltic Sea Basin

Needleleaved closed forest

B Needleleaved open forest
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Improve DOC production:

temperature

volumetric water content
microbial decomposition at 20° C
peat bulk density

SSOC concentration

modifier to account for effect of T
DOC concentration in water

constant reducing mineralisation
of SSOC

partitioning coefficient
describing sorption equilibrium
desorption kinetic constant

decom-
position

DOC
production

PpQ, (72010

desorption
—TpPS

export

DOC runoff

Dissolved organic carbon (DOC) submodel*

CO, emission

mineralisation

uoc

sorption

—tpKce

Stockholm
University

mineralisation

pksps




Simulated versus observed DOC concentration trends* gw‘{%"%
Réane alv Niemisel 7,% rs&o
Torne &lv Mattila S OCkhO].m
TbreKé:y Infl. Boltkagke ciflitation A DOC production A runoff DOC concaqiyaiiait
B8 085)—{1976-1988) (1996-2005)—(1976-1988) (1996-2005)—(1976-1988)
Skellefte alv Slagnas, ¥ -1 LPJ-GUESS LPJ-GUESS

Alteralven Norrfjarden

Nt~ Ah: DAlAKan

— =20

{40

=60
=B0

=100

/

Ljungbyan Ljungbyholm
Lagan Laholm
Lyckebyan Lyckeby
Morrumsan Morrum
Roénnean Klippan
Helgean Hammarsjon | \ \ \ *Measurements: T. Willstedt
-01 00 01 02 03 Modelling: Guy Schurgers

TOC concentration trend (mgC -2 yr?) (wetlands only)
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Total catchment N retention for 117 catchments draining to the Baltic Sea
calculated by combining the results from the MESAW and DAISY models.
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Alkalinity

DOC

Future climate scenarios
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Annual fluxes (Tg) of TC, DIC arith
DOC. Onersity
1996-2000 compared to 2090-
2095

4.0 B TC 1996-2000

3.5 ® TC2090-2095

3.0 B DIC 1996-2000

55 ® DIC 2090-2095

- = DOC 1996-2000
® DOC 2090-2095
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2) Challenge: Separate the terrestrial : el
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DOM from marine produced DOM Stockholm

University

Terrestrial source Marine source
(end member) (end member)

&613C =-28 %o &613C =-21 %o

57 % terrestrial DOC 43 %
marine

613C -28 21
(%o)

&613C = -25 %o




Share of terrestrial
DOC

Bothnian Bay: 70-83%
Bothnian Sea: 52-55%
Baltic Proper: 43-50%
Oder Bight: 60-72% 3

52,

5 10 15 20 25 30
° Long
ltm o Department of Applied Environmental Science



Hypotheses based on studies
on DOC,,, inferred from
Isotope sighatures

800 -
BDD-I
= [,
Qo
= !
= 400 { Y,
OE N
o)
O
200 -
0 .
0 2 4 6 8
& BP,BS,BB Salinity
A OB

g 2verage discharge weighted
DOC BB rivers

= average discharge weighted
DOC Kalix River

®
ltm. Department of Applied Environmental Science

Stockholm
University

At salinities >2 the DOC,,
distribution along the
Baltic seems to be
determined mainly by
mixing.

Most of the DOC,,, removal
(—50%) seems to occur in

the estuaries.
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Changes in §'°C of CO, during M87/3A, Transect A
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Expected isotope patterns for 613C in CO2 and 6180-02 dissolved in water as a result of
the different processes that drive the fractionation of the isotopes in the different pools.



River input DOC/DIC

Degassing CO2 near Kalix River outlet, salinity 1.5
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DOC,,, (moles/m3) DOC,,, (moles/m3)

DOC,., (moles/m3)
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Meridional gradients of seasonal dynamicgiéfg;ﬁg
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Simulated vs. observed primary production
(the simulated are systematically lower)

| BB

| BS

| BPa

Annual integrals (g C m-2 yr-1) simulated
over two periods (mean + s.d.) vs. literature data

1970/82 | 47+08 | 18+3 52 + 10
Data 12-20i 50-70i 40-140d
1994/06 | 46+06 | 23+3 98 + 16
Data 16;—17i | 32j—52i | 65j— 200

Table 2 Primary production in the major Baltic Sea basins, simulated with BALTSEM and compiled from

published estimates for different time intervals

a— aggregation weighted with basin areas; b— month of blooming in the model; .— Dahlgren et al., 2010;

d¢— Renk and Ochocki, 1999; .—Lignell, 1990; +— Silina, 1967; ¢— Savchuk, 2002 and references therein;

h— Rydberg et al., 2006; i- Wasmund et al., 2001a and references therein; j— median value from Larsson et al.,

2010; «— Raateoja et al., 2004, |- Carstensen et al., 2003

Generally, both ERGOM and SCOBI give even lower simulated rates of PP!
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g DINjy =-0.1774x + 890.65 & DIN,;,=-0.2027x + 938.3 *
= R?=0.3573, R = 0.60 = R?=0.5777, R=0.76
2 200 - < 200

DIN ¢ =-0.1679x + 726,21 Ny, =-0.1843x + 864.37

R®=0.4574, R =0.68 R*=0.5136, R = 0.72
D ' T T T T 1 o T T T T T 1
0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500
Hypoxic volume (km?3) A Hypoxic volume (km?) B

Hypoxia effects on nitrogen pool in the Baltic Proper. Relationships between annual means of
simulated and reconstructed from observations hypoxic volume and DIN pool (A) or
reconstructed DIN pool with a 2 year delay and simulated bioavailable nitrogen (B)

Dalsgaard et al. GCA 2013: “When extrapolated to the entire Baltic Proper (BP)
denitrification in the water column was in the

range of 132-547 kton N yr1 and was thus at least as important as
sediment denitrification which has recently been estimated

to 191 kton N yr1.“
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BONUS call 2012: Viable ecosystem
Project: Biological lenses using gene prints
(BLUEPRINT)
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Aim: Indicator development based on the

metagenomics.

generation of high-resolution functional
databases throughout the Baltic Sea based on

Outcome: A publicly available
resource with the capacity to
deduce environmental status and
dominant biogeochemical
pathways from the biodiversity
and genetic functional profiles of
microbes, the blueprint, in a
seawater sample.

Bioinformatic evaluation D
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Outlook
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