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Fig. S1 Time series analysis of 8 nitrogen (N) surplus trends in the EU27 from 1991 to
2020. The figure displays annual fluctuations in N surplus, shown as kg ha=! yr~1, across cropland
areas. Circles represent annual data points, reflecting changes in N management. Linear regressions
for each decade, expressed as kg ha=' yr—! decade™!, indicate whether N fluxes are increasing
(positive values) or decreasing (negative values). The text provides the mean of the eight N surplus
trends + one standard deviation (SD), and the corresponding minimum-maximum range in square
brackets, all given in kg ha=! yr—! decade™1!.
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Fig. S2 Time series analysis of 8 nitrogen (N) surplus trends in the EU27 from 1991 to
2020. The figure displays annual fluctuations in N surplus, shown as Mtonne yr—1, across cropland
areas. Circles represent annual data points, reflecting changes in N management. Linear regressions for
each decade, expressed as Mtonne yr—! decade™!, indicate whether N fluxes are increasing (positive
values) or decreasing (negative values). The text provides the mean of the eight N surplus trends +
one standard deviation (SD), and the corresponding minimum-maximum range in square brackets,
all given in Mtonne yr—' decade™!. Mtonne in the unit stands for million tonnes.
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Fig. S3 Nitrogen surplus trends in the EU27 (1991-2020). Panel a provides a time series
analysis of nitrogen (N) surplus, alongside inputs from N synthetic fertilizers and N animal manure,
and the N output at the EU27 level. The circles represent the annual data and show the fluctua-
tions in N management, given as Mtonne yr~!. Linear regressions for each decade (de), expressed in
Mtonne yr~1 decade™!, indicate increasing (positive values) or decreasing (negative values) trends
in N fluxes. Numbers in brackets are the p-values of the decade-specific trends. Panel b maps country-
level N surplus trends in the EU, revealing diverse N management approaches across member states
in three distinct decades. The pie chart in panel b shows the percentage of countries with posi-
tive(orange) and negative (purple) N surplus trends. Mtonne in the unit stands for million tons
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Fig. S4 Nitrogen surplus and its components in three decades.
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Fig. S5 Interannual variability of hydroclimatic states aggregated across European crop-
lands over the last three decades (1991-2020). The left panels depict variability in annual total
precipitation (P), mean air temperature (T), and climatic water balance, expressed as the difference
between annual precipitation and potential evapotranspiration (P-PET). These variables are derived
from the E-OBS gridded meteorological dataset (v25.0e; [1]), with PET estimated using the Harg-
reaves and Samani method [2]. The right panels show variability in near-surface soil moisture from
the European Space Agency Climate Change Initiative (ESA-CCI) long-term climate data record of
merged multi-satellite observations [3], and Terrestrial Water Storage (TWS) anomalies augmented
based on the GRACE and GRACE-FO missions data [4] — reflecting variations in overall water stor-
age. As in the other figures, linear regression fits (solid lines, with corresponding uncertainty) are
shown for each decade and variable. Trends are reported in respective units at de~!, where positive
(negative) values indicate increasing (decreasing) trends. Multiple lines of evidence indicate adverse
climatic conditions and reduced water storage availability across European croplands during the
recent decade (2011-2020), which likely constrained adequate crop growth and contributed to the
smaller increase in N output compared to previous decades.




N Fertilizer N Manure N outputs N surplus
& T I ' i |
! ] i —
— 2 - —
==
L e
% é_ -
Y |
— "
[ 0 === o
[ —— ©o
— = 2
— - - .
— - r = N
._ I_ I s —— o
| p— = _— 8
] — ¢ pp— B
s o ——
"o D e el
3 K S —
o w ——
S NN N
= s e
& =
L b : L
L — . — ———
- . L} I
g ) i . —_—
k i — —
[ .
. ; g =
b { ki r— == 5 N Outputs
I .
F 3 5 : .NFemIlzer
- — 5 —_— S | I N manure
a " i = — S Others
i —_—
—— || | ] —
— - | " ———— ——
E = L o R |
. £ —
- N
sK - - S e
o — ]
T T S e s e e
“% J } , 4 m:'
i P T ——
- |=S ; e——— =
- - ; - o ————
— h , — o T —
— — 1 o Y s |
: : = 8
{ o —— =
' 4 e —— I
i " N
; s — S
— — | o —— N
D (— ) w L= =]
— = | § -
— . R —————— ¥
N — - R wo N
; F ' - 5 ——————
RO 2 ! "o O
SE { —r s L 7
K =« L ——————3
K |
Trends (kg ha™t yrde™!) Contributions (%)

Fig. S6 Decadal contributions to nitrogen (N) surplus trends at country level in EU27
in three decades (1991-2020). This figure illustrates the trends in synthetic fertilizer, animal
manure, and N output, with a focus on their contributions to N surplus trends at the country level
in the three decades.
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