Decadal-Scale Regional Variations of Net Anthropogenic Nitrogen and Phosphorus Inputs
(NANI and NAPI) across the Continental US: 1987-2022
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Nutrient accounting matters because:

* NANI and NAPI, alone and in combination with climate and hydrology, have been shown to be good predictors of riverine N fluxes to the coastal zone from watersheds and other regions.

* Significant regional variation exists in NANI and NAPI, with implications for the biogeochemistry of coastal waters.

* Despite regional variation, NANI and NAPI levels indicate that N:P ratios of the delivered nutrients continue to be well in excess of the Redfield ratio [6] with some regions showing increasing trends.

* |dentification of the major drivers of NANI & NAPI is important for development of effective regional environmental management.

Introduction Regional estimation of variables

Net Anthropogenic Nitrogen (N) and Phosphorus (P) inputs (NANI/NAPI), estimated from available county-level US census [9], We estimated the components of NANI & NAPI at the county level and then aggregated them to major water resource regions

agricultural census data [10] and other sources, have been used successfully, together with climate data to estimate riverine nitrogen (WRRs) corresponding to 2-digit USGS hydrologic units, or combinations of them, to correspond to major river basins.
fluxes in the US, and in other countries using similar datasets. i

, Aggregated regions considered here include the “Mississippi”, - TR S B
NANI/NAPI comprise up to four terms: Net food/feed N,P = B8TeE =5 ) . PP - L sousRedRam B 4 2R
N,P Feed| |N,P Food Imports-Exports which comprises 6 WRRs, and “Colorado”, with 2 WRRs. e e g eng
: , Import Import N .
NAP! mcIudes.. - Aggregated values of NANI have been used together with hydrological , e
* Mineral fertilizer inputs [1-3] based on state and county Watershed/Regian Denitrification, and climatic data to estimate riverine N fluxes [8, 15, 16]. p ¢ G il
inventories and (for 2022) extrapolations based on fertilizer volatile losses, U i
price index adjustments N, P Humans | fletc (N) Several studies have examined regionally-aggregated N
. , , -
 Net food/feed inputs to a region (calculated as the balance Fertilizer Livestock A‘ i variables corresponding to large watersheds S
between local crop and livestock production and livestock and Agricultural — to relate NANI and NAPI to nutrient export to coastal = \
N-Fixation [ Crops — | " | H d sionif -
human food demand) [4,5,10] : Landscaneleon Rl\r/‘lerl'alne waters. For example, Howarth et al. [6] showed significant __
»  Non-food exports (tobacco, cotton) [4,5,10] Atm°szhe"° ‘ R~ P}‘_ (long term export variation in the N:P ratio of flows to coastal waters of the U.S.. e L\
. storage) % !
Additionally, NANI includes: Deposition ud
* atmospheric NO, deposition from TDEP 2013 v.1, a
. /_\
data/model fusion approach [11-14] N, P . .
+ crop N fixation [4,5,6,10] Food/feed Major components of NANI and NAPI at the regional scale
Y Export
Several studies have shown ~24-26% of NANI and 3-6% of NAPI typically are exported from watersheds in rivers within a few years [6- 2000 California  Colorado Great Basin Great Lakes Mid Atlantic Mississippi New England Pacific NW  Souris-Red  South Atlantic Texas Gulf
8, 19] though some have also highlighted the impact of “legacy nutrients” released over decadal time scales from previous NANI and F'i;
NAPI sources [17-18]. Nutrient accounting is an area of active research, with ongoing developments in estimation of atmospheric "“g >0 ,/\_\
deposition, fertilizer inputs, and food and feed calculations = 3000 AN\~ —_——— /—-/\ -/\/\ /\,\
2 oo [JIILS astlilis o i, D
NANI & NAPI exhibit major regional and sub-regional variation at the county scale and have changed 2 000 mERERERS =/ =T LU II“II e B IIII EEEEanans @
[ ] [ ] [ ] [ ] [ q) -
significantly over the thirty years from 1987-1992 (left panels) to the 2017-2022 (right panels). S II II I
(@R
: -3000
) B > Zuooo : : < S9ASSESS  ATASSSES  ATASSDES I9TSSTZL 929SSESS  999SSS8S  999SS88S 29959988 29955888 99999898  9%aSSSSR
- NANI & NAPI are highest in Z N h o
,.t 15000 - 2000 o - e : : EmNFFN Fertilizer N NOX deposition Crop N fixation =——=NANI
. Jd | 10000 - 1500 - : regions of crop production
g SR 5000 - 10000 gaiion: s - (California, the Midwest) and
} et g 4000 - 5000 3 gl gy in hotspots of high population The largest components of NANI are typically N fertilizer and crop N fixation. Net Food/Feed inputs (NFF), representing the deficit
”fﬁﬁ:ﬁﬁifmm N2 ' : ;e «*13Ln£ . . . . . . . . ... . .
gj‘{i i W’ﬁi 1| 3000 - 4000 A i ; density and livestock between local production and consumption, are negative in regions of high agricultural production, and positive in areas of high
S B 2000 - 3000 production.. human population and livestock density. Net Food/Feed has become more negative in regions of high crop production, due to
TE. R wd B 1000 - 2000 : increased corn and soy production.
W, ek __ 0 - 1000
- Both have decreased : - : : : - :
' B -1000 - 0 __ hat i : : Regional crop N fixation is generally dominated by soybeans in the US. The increased focus on soybean production is evident in the
° W < -1000 | somewnhat in most reglons In central regions. It is an important component of NANI
County-average NAPI 1987-1992 County-average NAPI 2017-2022 recent years, strongly driven 5 ' P P '
NAPI kg P km™2yr St by agricultural changes L . : : : S
"*“ Bl L Y g. : 5 Oxidized N (NO, ) deposition has trended downward in most regions largely in response to emissions controls.
> 5000 _ especially in the corn belt and Decadal average nitrogen fertilizer inputs increased significantly in the corn belt and other major agricultural regions in the first
5000 = 5000 other areas, but also two decades, mainly in response to the increase in corn production, but has trended downward in most regions in recent years,
2500 - 3000 influenced by regional : : :
5000 - 2500 S due in part to higher prices.
' variation in human
1500 - 2000 population, notably along the : e : : : : : : :
| 1000 - 1500 g Like N, P fertilizer initially increased in some regions but has remained flat or decreased in all regions in recent years.
B 500 - 1000 SRS,
3000
Calitornia Colorado  Great Basin Great Lakes Mid Atlantic Mississippi New England Pacific NW  Souris-Re South Atlantic Texas Gu
S 0 500 lif lorad kes Mid Atl land  Pacif d h At I
B <o 2500
} 2000
£
While the fine details of spatial patterns are lost at the regional scale, due to spatial averaging, regional-average NANI also clearly =~ 1500
shows major variations and has changed significantly in the thirty years from 1987-1992 (left panel) to 2017-2022 (right panel), notably 2 1000
in the Southwest, upper Midwest and the East coast. 2
o 500
_ _ Some regions exhibit negative = IIIII IIIIl
_WRR-average NANI 1987-1992 WRR-average NANI 2017-2022 5 5 S, hmmmmll _ L] i T o e — s
e o - values of NANI or NAPI at the c = - g ||||IIII
SR county or even regional scale S
due to negative values of NFF < $R9SSSSS  $3995558  %999S558  £999S5S  %9999598  $999555  #9959598  $299555  #3955558 $2995558 33585598
_ exceeding positive contributions
200 - 1000 &P = BENFFP mmFertilizer P —NAPI
1000 - 1500 of other components. This is
;(5)88 ;ggg possible for several reasons, Note difference in scale from NANI graph (above)
5500 - 3000 including underestimation of N
- 3000 fixation and rangeland and The time variation of the NFF term for P frequently, but not always, reflects that of N because of differences in nutrient stoichiometry
pasture production. and the balance of crops and livestock produced and consumed in different regions. For example, the Pacific Northwest exhibits
positive NFF (net import) of P in most years, but negative NFF N (net export).
Take home messages
 Regional variations in agriculture and human e Human and livestock demand in excess of local  Regional variations in agriculture and human Scan the QR

code for a link to
more references

and a copy of the
poster or visit the
webpage below.

population drive associated variations in NANI
and NAPI across the US.

 Corn and soybeans have shown significant .
increases in many regions, with corresponding
increases in fertilizer (particularly N).

crop production represents both intra- and
interregional transfers or imports of nutrients.

population drive associated variations in NANI
and NAPI across the US.

Fertilizer consumption has declined in recent
vears, due in part to increased prices.

Regional changes in crop production and shifts .
in livestock production (e.g. beef -> pork,
poultry) affect the balance of Net Food/Feed.

https://www.research.howarthlab.org/presentations/
Lab website: https://www.research.howarthlab.org/NANI/NANI.php
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