
Atmospheric Nitrogen Deposition in West Central Afr ican Ecosytems
C. Galy-Lacaux 1*, C. Delon 1, F. Solmon 1, M. Adon 1,2, V. Yoboué 2, J. Mphepya 3, K. Pienaar 4, B. Diop 5, L. Sigha 6, L. Dungall 7, A. Akpo 8, E. Mougin 9

1: LA, CNRS, Université de Toulouse, France, 2: Université de Cocody, Abidjan, Côte d’Ivoire, 3: South African Weather Service, Pretoria, South Africa, 4: North-West University, Potchefstroom, South Africa, 
5: Université de Bamako, Mali, 6: Université de Yaoundé, Yaoundé, Cameroun, 7: Université de Niamey, Niger, 8: Université de Cotonou, Bénin, 9: CESBIO, UMR Toulouse, France. *Corresponding author: lacc@aero.obs-mip.fr

Atmospheric Nitrogen Deposition Budget

Rain

2.8 ± 0.41.9 ± 0.2Forest

3 ± 0.71.4 ± 0.3Wet Savanna

1.7 ± 0.31 ± 0.2Dry Savanna

N NH4
+ KgN/ha/yrN NO3

- KgN/ha/yr

0

5

10

15

20

25
NO3-

NH4+

NO3- 11,1 8 7,3

NH4+ 19,3 18 10,3

Dry savannas                     
Bani 94-07 Kati 97-06       

Laouali et al ACP 2009

Wet savanna                   
Lamto 1994-2005           

Yoboué et al, JAC 2005

Forest  Zoétélé 2000-2006   
Sigha et al, JAC 2003

Rain N Composition VWM µeq.l -1

Rain Gradient

632 mm 1208 mm 1567 mm

Wet deposition N NH 4
+ Kg N/ha/yr

0

0,5

1

1,5

2

2,5

3

3,5

4

Banizoumbou Katibougou Lamto Zoétélé

Wet deposition N NO 3
- Kg N/ha/yr

0

0,5

1

1,5

2

2,5

Banizoumbou Katibougou Lamto Zoétélé

                        Dry savanna : 6,4 kg N/ha/yr

NO2dd; 0,82; 13%

HNO3dd; 0,48; 8%
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p-NO3dd; 0,04; 1%
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NO3wd; 1; 16%
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This work is part of the IDAF (IGAC/DEBITS/AFrica) programme which started in 1995 with 
the establishment of 10 measurement sites representative of major African ecosystems. The 
objectives of the programme are to study wet and dry deposition fluxes, to identify the relative 
contribution of natural and anthropogenic sources and factors regulating these fluxes. 

The IDAF activity is based on high quality measurements of atmospheric chemical data 
(gaseous, precipitation and aerosols chemical composition) on the basis of a multi-year 
monitoring. 

The main objective of this poster is to present the first estimation of the atmospheric nitrogen 
deposition budget in Africa based on experimental measurements. To estimate atmospheric 
nitrogen deposition fluxes, including both wet and dry processes, we compiled the IDAF 
nitrogen data (gas, particles, rain) obtained from the measurement network for the period 
1997-2007. In western and central Africa, we studied a transect going from dry savanna to 
humid savanna and forest. Presenting the dry deposition in gaseous and particulate forms 
associated with wet deposition, this study will allow to estimate (i) the relative contribution of 
dry and wet deposition processes and (ii) the total nitrogen deposition at regional 
representatives sites in Africa.

Introduction

The total nitrogen deposition is estimated  to be a round 6.4 Kg N.ha -1.yr -1, 7.5 Kg N.ha -1.yr -1 and 12.6 Kg N.ha -1.yr -1 respectively over dry savanna, humid savanna and ove r the forest. We estimated the uncertainties on the  budget to be 
around 30%. If the estimations of wet deposition fl uxes are known within a 10 % margin, dry deposition  fluxes present larger uncertainties mainly due to dry deposition velocities calculation and concentra tion measurements. It is also 
important to note that our budget does not take int o account all nitrogenous species, especially organi c nitrogen species. 

An important result highlighted by this budget is t he importance of dry deposition processes in west ce ntral Africa, especially for nitrogenous gaseous co mpounds. In dry savanna and forest, the relative con tribution of dry deposition is 
about 60 %. In the wet savanna, the contribution is aro und 40 % at a decadal timescale. 

� Chemical composition of precipitation

� Gas concentration

Passive samplers (monthly): N02, NH3, HN03

� Chemical composition of aerosol

IDAF  measurements

Weekly bulk sampling on teflon filters (47mm)

Analysis : Inorganic and organic major ions determined in 
Ionic Chromatography

Wet only rain collection (Event) 
US EPA quality criteria - analytical performance (WMO)
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Aerosol

Aerosol N composition µg/m3

Dry Nitrogen Deposition estimated
from mean annual pNO3

- and pNH4
+

and Vd 0.1-0.2 cm/s (Zhang et al, 
2009)

Low N dry deposition from particles
from 0.04 to 0.08 Kg/ha/yr.
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Monthly simulation of Vd using the big-leaf model
ISBA (according Wesely 1989; Zhang et al. 
2003), coupled to 255 surface classification types. 
ALMIP forcing, derived from satellite data (Boone 
et al., 2009). 

Monthly means Vd range from 0.1 to 0.63 cm /s 
for NO2, 0.35 to 2.3 cm /s for HNO3 and 0.08 to 
0.95 cm /s for NH3 (higher values for the wet
season) . See companion poster Delon et al.
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Annual mean concentrations calculated from
monthly concentrations measured from 1997 to 
2007 (Adon et al, 2009).

Dry deposition fluxes estimated: NO2+ HNO3+NH3

Dry savanna: 3.6 Kg N.ha-1.yr-1 

Wet savanna: 3.1 Kg N.ha-1.yr-1 

Forest: 7.9 Kg N.ha-1.yr-1 

Forest : 12,6  kg N/ha/ yr

NO2dd; 1,05; 8%

HNO3dd; 0,76; 6%

NH3dd; 6,12; 49%
p-NO3dd; 0,02; 0%

p-NH4dd; 0,02; 0%

NH4wd; 2,8; 22%

NO3wd; 1,9; 15%
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Table: Annual mean
Vd for 2002-2007 

Mean annual N gases concentrations ppb
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