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How climate controls the flux of nitrogen by the Mississippi River and the development

of hypoxia in the Gulf of Mexico

Simon D. Donner and Donald Scavia

Web Appendix 1. The precipitation-flux relationship.

Dissolved nutrient concentrations in streams and rivers
typically exhibit hysteresis: there is a positive correlation
between concentration and discharge, but the correlation
becomes negative at higher discharge values (e.g., Whitfield
and Schreier 1981). During storms or wet periods,
concentrations increase on the rising limb of the hydro-
graph because of flushing of high-concentration waters that
accumulated during dry periods (Webb and Walling 1985;
McDiffett et al. 1989). At very high discharges, concentra-
tion begins to decrease with discharge because of limits to
soil N availability. The three expected modes of the
relationship between runoff or discharge (Q) and nitrogen
concentration (C) or flux (N = C X Q) can be summarized:
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Fig. Al.1. Observed monthly (a) NO, concentration, C (in

mg L—1), and (b) NOy flux, N (kg month—1!) versus river discharge
(m3 s—1) for the Mississippi River at St. Francisville, Louisiana,
from 1980 to 2000. The relationship between C (N) and discharge
for each range of discharge (solid line) and the full range of
discharge (dashed line) is displayed.

1) At low Q (baseflow conditions): C ~ Q, N ~ Q2

i1) At high Q: C ~ constant, N ~ Q.

iii) At very high Q (flood conditions): C ~ Q=2 N ~
Q!=a, where 0 < a < 1. The concentration should
decrease with Q because soil nitrogen becomes
limiting.

We tested the hysteresis theory using monthly data for
nitrate concentration, nitrate flux, and river discharge for

the Mississippi River at St. Francisville from 1980 to 2002.

The relationship between C, N, and Q roughly reflects the
three modes (Fig. Al.1):

1) At Q < 16,000 m3s—!: C ~ Q08 (#2 = 0.54) and N ~
QL8 (12 = 0.85)

i) At 16,000 m3 s—1 < Q < 34,000 m3 s~ 1:C# Qand N
~ Q10 (r2 = 0.71).

i) At Q > 34,000 m3s~1: C ~ Q04 and N ~ Q06
although neither relationship is statistically significant.

Over the full range of discharge, the concentration—
discharge relationship is best described (2 = 0.49) by
a polynomial expression and the flux—discharge relation-
ship is best described (#2 = 0.88) by a linear expression
(Fig. Al.1). Similar relationships were also detected using
data for every second month, indicating that autocorrela-
tion in the individual time series is not influencing the
regression. The fit between the predicted and the observed
flux using the linear expression is only marginally different
from the fit between the predicted flux and the observed
flux using the best fit for the three modes, or only the first
two modes (#2 = 0.88). This approximation helps explain
the strong linear fit between precipitation or discharge and
nitrogen or nitrate flux described in this and other studies
(e.g., Donner et al. 2002).
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