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Questions

* How much carbonis
transported in surface
waters;, and how much is
delivered to coastal waters?
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* What are the primary
sources of organic carbonin
surface waters, throughout
theriver network?
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Figureby T. Brown, from
https: /imww.lInl.gov/str/March06/Brown.html
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SPARROW model

Spatially Referenced Regression on Water shed attributes
(SPARROW) modeling approach

e estimateloadsand
concentrations of
organic carbon in surface
waters.

* Predict sourceshares
generating hypotheses
about where the organic
carbon delivered to rivers
& streams comes from.




SPARROW modd
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I nitial OC simulations w/ SPARROW

Mean annual riverine OC loads estimated from long term monitoring
datain anintial model (Shih et a. 2011).

— Total organic carbon dataretrieved for 1970-2008.
— 1125 sites (of ~5000 sitesw/ TOC data) met criteriafor use.
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* A river-reach-scale mass balance is used, statistically relating
water shed data to monitored loads

» An optimal set of coefficients are estimated, balancing the mass
of the OC sourceinputs, stream |oads, and storage/losses on land
& inwater.




Statistically significant source & transport features.

Parameter Units Estimate Std Err pvalue
Land Area source proxies

Agricultural Land kgkm” yr* 1454 167  0.000
Forest - deciduous kgkm?yr* 1061 191 0.002
Forest - evergreen kg km” yr' 1378 167 0.000
Forest - mixed kgkm” yr* 258 627 0.001
Urban land kg km? yr 4777 778 0.000
Wetlands kg km? yr* 25008 2529 0.000
Land-to-water delivery

Permeability rate log (cm hr'l) -0.1407  0.0368  0.000
Annual precipitation cmiyr 0.0047  0.0006  0.000
Tile drained area % % area 0.0116 0.0031  0.001
Drainage density log (km™) 04407 00545  0.000
Land slope -0.0023 _ 0.0040  0.001
In-stream fate

Production, photosynthesis  dimensionless 11 0.13  0.000
Loss, mass transfer per day 0.029 0.003  0.000
Log RMSE 0.54

No. Obs. 1125

Adjusted R-squared 0.928

Yield R-squared 0.77

Results:
Modd includes
statistically-
significant
Sources, Land-
to-water
delivery
factors, and In-
stream factors

Shih et al. 2011
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TOC loadingsto coastal areas
from 7 water regions

Pacific |
Wonthwest -
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Texas - Gut -
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Generates estimates
of mean annual OC
concentrations &
loads along the
river network
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Drainage Delivered
Region -area yield
(km?)* (kg hayr)
North Atlantic 446,500 34
SouthAtlantic- Gulf 730,000 59
Miss.-Atch.-Red* 3,248,700 32
Texas-Gulf 925.400 11
Pacitic Northwest 713,700 | 17
California 234200 15
Great Lakes 313,100 38

Shih et al. 2011

TOC source shares (%) to coastal areas
from 7 water regions

----------------- Terrestrial--------------
Region . i
Generatestestable ! In- | Terrestl Ag Forest ~ Urban  Wetland
Stream al
i North Atlanti 22 78 7 29 10 32
source shares along orth Atlantic
the river network; SouthAtlantic- Gulf 21 79 5 13 3 58
comparing to other  \iss-Atch-Red | 54 45 14 7 2 2
data such as Texas-Gul % 6 | 141 5 3
riverine C isotopes .
and EEMs Pacific Northwest 48 53 6 39 3 5
California 37 64 8 39 10 7
Great Lakes 10 920 15 1 4 60

Shih et al. 2011




Relation between TOC and DOC in water regions

Pacific i

rflmm“’t Gredt Lakes /|
77 Noth

Atlantic

" Mississippd - Alchalalaya - Red |
Califgmia . &

i Texas - Gulf -

South Atlantic - Gull
Rio Grande .

Can be used from
appropriate regions
to scale TOC to
DOC/POC
estimates

Name
Northeast
Mid-Atlantic
Southeast

Great Lakes
Ohio

Tennessee
Upper Miss.
Lower Miss.
Souris-Red-Rainy
Missouri
Fed-wWhite
Texas Gulf

Rio Grande
Upper Colorado
Lower Colorado
Great Basin
Pacific Morthwest
Califomia

Mean Concentration (mg/L)

Number of Sites DOC TOC Ratio

34 13.65 14.24 0.90
13 458 563 0.83
142 9.86 11.15 0.86
BB 862 975 n.8g
B4 349 453 079
27 324 4.29 0.80
52 6.60 8.80 076
30 B.70 8.7 078
23 1341 1451 0.92
100 7.88 10.52 079
44 553 7.48 n.ao
34 6.70 8.34 0.83
8 5.33 952 0.74
14 533 8.60 077
16 6.84 17.31 073
16 556 6.35 0.85
37 289 3 0.85
22 587 7.08 0.85

toward improving predictability

Need improved long-term estimates of riverine OC |loads.
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Biasininitial simulations:

e Red (-): over prediction; &
Blue (+): under prediction
of mean annual TOC
loading.

* Related to temporal
differencesin the
environmental conditions
reflected by the period of
record covered by the
various monitoring stations.
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toward improving predictability

Riverine organic carbon loadings:

Need more calibration sitesfor TOC & DOC; improved |oad
estimates.
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toward improving predictability

Exploring additional data sourcesto describe OC sources,
land-to-water delivery, and aquatic transport.

Enhanced vegetation index

Total kjeldahl soil nitrogen

To ! Kjslvah! Soil Nitrogen - AN Horizone (g / £q. m)




_ ivcrinc Fluxes of Caron, Nitrogen, and Water from the

Mississippi-Atchafalaya River Basin (MARB) to the Northern Gulf
of Mexico as simulated by DLEM: Results from the NASA IDS

Project

Hangin Tian

International Center for Climate and Global Change Research
Auburn University

Controlling Factors

Model

Ecosystem Goods and Services

Jan. 04th, 2013
INPUT MODEL » OUTPUT
; Qo
C"T;:ggamre Sl | carbon Fluxes and Storage:
[ e ©| | "Carbon fluxes (GPP, NPP, Rh,NCE, NEP, CH,,
Radiation 8 |voc, boc, DIC)
: - o » :
w -Relative Humidity 5| | -Carbon storages (LeafC, stemC, litterC, rootC,
;6 Atmospheric Compositions | | reproductionC, silC)
| I 2] | Water Fluxesand Storage:
- e BT “| | \ET, Runoff, Soil moisture
PN | and Use QE, Nitrogen Fluxesand Storage:
o) Deforestation - g .Nitrogen fluxes (N20, NO, N2)
= Urbanization Dynamlc o | Nitrogen storages (LeafN, stemN, litterN, rootN,
S iErTos &l | reproductionN, soilN), TN
5 Irrigation 9| | Phosphor us Fluxes and Stor age:
Other Disturbances Ol 7| eafP, stemp, litter P, rootP, sailP, TP

Wildfire

Discaes Land :

.Climate Extremes Climaterelated:

Ecosystem

Water related
.Surface Runoff; Subsurface Flow;
~ET, Soil- Moisture; water use efficiency ————

River Di
-River-Discharge;

Nutrientsrelated:




Study area - MARB

| veroerate or sfpotar neccle eghfores
- Tropical or subjtropical broadleaf éﬁr&!‘ 3
:- Temperate or syb-polar broadleaf deciduous: iy

I wixed Forest

Temperate or stib-polar shrubland
D Sub-polar or polar grassiand-licherymoss
[ wetand
D Cropland
D Barren Lands

- Urban and Built-up
— .

Contemporary land cover distribution across Mississippi-Atchafalaya river basin

Decadal mean of carbon export from MARB

DOC POC TOC DIC
(Tg Clyear)

19505 2.0 3.4 5.4 16.6

1980s 2.5 3.2 5.7 17.8

1990s 2.8 3.4 6.2 21.4

20005 2.4 3.1 33 17.3
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Temporal changes in DOC and POC
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Comparisons of terrestrial C inputs

Chemical Region Annual Flux Period References
(Tay?)
TOC MARB 461 Mean Smith et al., 2005
MARB 5.32 Mean Ludwiget al., 1996
MARB 39 Mean Green et al., 2006
MARB 5.7+0.8 1980-1996 DLEM2.0
DOC MARB 3.08 Mean Smith et al., 2005
MARB 4.28 Mean Ludwiget al., 1996
MARB 2.6 Mean Harrison et al., 2005
MARB 2.61+0.5 1980-1996 DLEM2.0
DIC MRB 21 2002 Cai et al., 2003
MRB 20 2002 DLEM2.0
TN MARB 1.1(0.4-2.7) 1992 Alexander et al., 2008
MARB 1.1+0.28 1986-1996 DLEM2.0
DIC Evaluation
= === DLEM simulated (MARE)
2. DIC melMARE)
—— Rapmenand Cole2003 (MRE)

DIC export (Tg Cfyr)
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Next Steps

* GOM synthesis

— Synthesize data output from sparrow, diem, global news, and load
models (some in hand)

* By NOAA EDA'’s and GOM regions
» Weak on estimates from Mexico portion
— Synthesize literature (in hand)

» Related Paper
— Fuxesof OC, N, P from sparrow models - coastal waters

— Predictions of OC sources from sparrow models - compare to
measurement information (pigments, C isotopes, etc)
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