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Nitrogen Limitation on Plant Growth

Nutrient limitation is widely
distributed globally.
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Global N Flux

= Global Nr: half from

fertilizer anthropogenic sources

production
= Land input: half from

agricultural agriculture

combustion

lightning
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Eutrophication

Denmark

“» A world wide problem
= River, lake, & coastal waters

< Requires substantial costs to control them (Conley et al., 2009)

<+ Nitrogen is the leading nutrient



Noah-MP-CN

Soil moisture and
Noah-MP temperature, total

carbon o
snow, precipitation

/N
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growth and temperature
FUN N demand <— Available N

; Passive uptake ‘ Active uptake
} Fixation ‘ Retranslocation N usage

Soil N

s Sediment

Fertilization
Dormancy

Decomposition

\ Mineralization

Nitrification
Denitrification
Volatilization

Deposition

Leaching



Soil nitrate (mg/kg)

Soil nitrate (mg/kg)

Soil Nitrate (NO,)
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h T NoahMiP (N dynamics)
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Annual NPP

CTL MPN

Obs.
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(b) T2 No-till
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Noah-MP-CN and WRF Coupling

WRF

Atmosphere — Ndemand m

Passive uptake
— e —  Active uptake

Land ctive up

Fixation

— Retranslocation

Noah-MP-CN

Nitrogen dynamics — Mineralization
Immobilization
Decomposition (module_sf biogeochem.F)
Dentitrification
Soil Nitrifjl(?ati(?n
N cycle Volatlllz?‘Flon
N deposition
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__ Nitrogen dynamics

Plant

\

fixation
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Add model couple module sf noahmplsm.F
Physics » module sf biogeochem.F . module sf noahmpdrv.F — Noah-MP-CN
modify .
module_surface_driver.F |
modify . _ _
10 > registry.noahmp > Registry for new variables



Nitrogen Dynamics Improves WRF

Simulations
with vs. without nitrogen dynamics
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Study Domain and Model Setup

(a) Simulation doain (b) MODIS modiﬁed-IGP landuse
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» Summer 2018

*  May to August, May for spin-up
» Initialization: ERAS
» Spatial resolution

e 30 km for Domain 1; 10 km for Domain 2
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WRF Configuration

Parameterization schemes

Microphysics Single-Moment 6-class (Hong & Lim, 2006)

Physical process

Cumulus physics Tiedtke scheme (Tiedtke, 1989)

Longwave radiation physics RRTM scheme (Mlawer et al., 1997)
Shortwave radiation physics Dudhia scheme (Dudhia, 1989)

Boundary layer Mellor-Yamada-Janjic scheme (Janji¢, 1994)

Surface layer Eta similarity (Janji¢, 1994)

Noah-MP (Niu et al., 2011):
Noah-MP-CN (Cai et al., 2016)

Cloud fraction Xu-Randall method (Xu & Randall, 1996)

Land surface
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(a) WRF-CN NPP
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Temperature, Specific Humidity, Pressure, & Wind
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42°N N[ _ 5 42°N _ 45 E PP %213
40°N 40°N 40°N 14
0.7

- 0.0 &
38°N 38°N 38N : 0.7
) - 1.4
36°N 36°N 36°N ( 2.1
20w ; an P p2 ; 28
111°E 114°E 117°E  120°E I1I°E  114°E 117°E  120°E I1I°E  114°E 117°E  120°E I°E 1I#°E 17°E  120°E

(e) Observed Q"

(f) WRE-CN Q2 (9) WRFQ2 (h) Q2 (WRF-CN - WRF)

42°N o\ i N i 17 42N g 12
¢ 16 e oF 8-2
40°N | x> 40°N | s i N M’,’r"/-ﬂ ' 0A3
L 132 [ e 0.0 =
38°N 38N 38°N 2& g0\ \/ X 03 E"
11 oo
10 { :
36°N 36°N 36°N 9 36°N - 0.9
il - e o 4 8 ) / -1.2
III°E  114°E  1I7°E  120°E II°E  114°E  117°E  120°E I1I°E  114°E  117°E  120°E IT°F T4°F T7°F120°E
(i) Observed PSFC (j) WRF-CN SFC (k) WRF PSFC (l) PSEC (WRF-CN - WRF)
42°N 42°N . ¢ 42°N -’ | B982.6 42°N A “"‘{ f 0.68
960.2 - 0.51
40°N 40°N 40°N oal®  sooN e
893.0 £ i 0:00 S
38°N 38°N 38°N gzgg% 38°N g. g Z%
8258 051
36°N 36N [ L 36°N 803.4  36°N 068
gE— : il AR 5550 A :
I1I°E  114°E  117°E  120°E I1I°E  114°E  117°E  120°E I1I°E  114°E  117°E  120°E I1I°E  114°E  117°E  120°E
(m) Observed Wind (n) WRF-CN Wmd (o) WRF Wind ( ) Wind (WRF- CN WREF)
1 - o]

42°N [ 42°N

40°N 40°N
38°N 38°N

36°N

SO Lo B e
QUVOULOULMOWNOWK
m's

36°N |

N B2
0.8
04
00 &
| @04
08
J) 12

A s L 2 5 B - (o Vrem I = s .
I11°E  114°E  117°E III°E  114°E  117°E  120°E I11I°E  114°E  117°E  120°E II1I°E  114°E  117°E  120°E




NSE Difference (WRF-CN — WRF)

Mostly higher NSE: improved simulations for near-surface fields
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Nitrogen fertilization impacts on

WRF simulations
with vs. without nitrogen fertilization
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Cropland Percentage

Cropland Grid Count (%)

Europe 67.15%
North America 61.48%
India 76.83%
North China 76.30%
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Net Primary Productivity

90°N

60°N

30°N

0°

30°S

—

=y

NPP (gCm “d ")
(=)

60°S

Europe North America China India Europe North Aheﬁca China India
90°S
?80" 140°W 100°W 60°W 20°W 20°E GO°E 100°E 140°E 180°
-1.00 -0.75 -0.50 -0.25 0.00 0.25 0.50 0.75 1.00

NPP (¢Cm *d )



Latent Heat Flux
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Conclusions

Including nitrogen dynamics improved WRF simulated
temperature, humidity, and wind.

Nitrogen fertilization increase NPP and latent heat flux.

Future work
* Riverine nitrogen transport
 Soil organic nitrogen

¢ Nzo
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Thank you for your attention!

Xitian Cai
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