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CRITICAL LOADS OF ACIDITY FOR HIGH PRECIPITATION AREAS 

Results from a Workshop held in Vienna, March 9-10 1992 on 

the Modifications of Austrian, German and Swiss Maps of 

Critical Loads of Acidity. 

by Umweltbundesamt/Federal Environmental Agency (Austria) 

Introduction 

There have been some problems using the originally proposed 

simplified mass balance equations of the Mapping Manual for 

calculating critical loads of acidity in high precipitation 

areas. The simplified equation appears to be biased towards 

the runoff rate. This results in unrealistic critical loads 

values for alpine areas in Austria and Switzerland as well as 

in the Harz mountains of Germany and the German Erzgebirge. 

The values obtained with the simplified equation indicate, 

that areas known to be sensitive to acid deposition appear as 

insensitive. 

Objective 

The objective was to modify the simplified mass balance 

equations, to remove simplifications not valid, and thereby 

remove the runoff bias observed for high precipitation areas. 

The modified versions of the critical loads equations were 

used to reculculate the critical loads of acidity for 

Austria, Germany and Switzerland, and to draw modified maps. 
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The old equation 

As it appears in the critical loads mapping manual and 

related documentation, the originally proposed simplified 

mass balance equations (SMB) were derived on a basis of a 

series of assumptions and simplifications. These assumptions 

and simplifications have been worked through and checked, 

whether they apply under alpine conditions. 

In Austria, Germany and Switzerland, where the runoff varies 

from 0,3 to 3,5 m/yr, the originally proposed SMB gives 

critical loads values, which are obviously too high. Areas 

known to be sensitive to acidification appear as being 

insensitive. That means, that - according to the critical 

loads calculations - they are are allowed to receive 

significantly more acid deposition than they can tolerate. 

This can be illustrated by the table below, where the results 

of the originally proposed SMB and the results of PROFILE, 

which is a complex multi-layer model working on the same mass 

balance principles, are compared for 3 Swedish sites using 

different runoff rates in the calculation 	of critical loads: 

Q PROFILE SMB Site and input data 

m/yr keq/ha yr keq/ha yr 

0.15 0.45 0.67 Sandvatten: 

0.55 0.41 1.03 W = 0.15 

1.15 0.21 1.57 D = 0.6 

2.15 0.20 2.47 U = 0.5 

0.15 1.00 1.80 Gardsj6n: 

0.55 1.06 2.30 W = 0.68 

1.15 1.20 2.92 D = 0.55 

2.15 1.06 3.90 U = 0.5 
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0.15 2.25 4.95 SkAne no. 	7: 

0.55 2.45 5.30 W = 2.0 

1.15 2.75 6.00 D = 0.75 

2.15 3.10 6.74 U = 0.7 

W = weathering rate of Ca + Mg + K + Na [eq/(ha.yr)] 

D = base cation deposition [eq/ (ha . yr) ] 

U = base cation uptake [eq/ (ha.yr) ] 

The formula applied in the originally proposed SMB was 

W + D - U 

CL= W+ 0.09 	Q+ 1.5 	( 	 ) 
	

(1) 

(BC/Al) crit 

CL = critical load of actual acidity [eq/(ha.yr)] 

Q = runoff rate [m3/ (ha . yr) ] 

(BC/Al)crit = critical base cation : aluminium rate 

As critical chemical criterion the BC/A1-ratio = 1,0 was 

used. 

The new equation 

By deriving the equation from the complete mass balance, but 

not making the same simplifications as for the old equation, 

one can derive a different formula for the calculation of 

critical loads starting with the definition of the critical 

load of actual acidity: 
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CL = W - ANC l ( acc ) 	 (2) 

ANC = acid neutralizing capacity = alkalinity [eq/m3] 

ANC l (acc) = acceptable alkalinity leaching [eq/ (ha.yr) ] 

In this equation the limiting ANC leaching is determined by 

the maximum permitted leaching of H+  and AL3+. 

ANC1(acc) 	-H  limit - Al  limit 
+ 	 3+ 	 (3) 

The limiting Al-flux is determined by the molar BC/A1-ratio 

applied, which depends on a mass balance of available base 

cations. The simplified SMB had assumed, that all the 

production of alkalinity due to weathering is equivalent to 

the base cation production involved in the BC/A1-ratio. This 

is different from nature, because approximately 20-405 or 

more of the base cations produced by weathering is Na, 

providing no protection against Al and thus not participating 

in the BC/A1-ratio: 

W (Ca+Mg+K) _ (1 -)(Na) 	W (Ca+Mg+K+Na) 	 (4) 

1 XNa = XBC 
XBC  = Fraction of weathering excluding Na = 0,6-0,8 

This leads to: 

Al limit 	 = 1.5 .  	(5)  3+ 	__ 	 
BC 	 (1-XNa  ) . W + D - U - Lmin 

(BC/Al ) 
	

(BC/A1) crit 

Lmin = min. leaching of base cations [eq/(ha.yr)] 

The factor 1.5 derives from the conversion of critical loads 
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and base cation concentrations in equivalents to the molar 
ratio. Lmin  is the minimum leaching of base cations, 

corresponding to the leaching caused by the residual 

concentration of base cations that the trees cannot take up. 

The limiting BC concentration is in the range 10-20 peq/1; an 

average of 15 peq/1 has been used: 

Lmin = Q.0,015 
	

(6) 

Operationally the H+ concentration can be calculated using 

the gibbsite equation: 

Al 3+ 

(7) 

Kgibb 

Kgibb = Gibbsite coefficient = 300 m6/eq2  

Accordingly the limiting H+-concentration corresponding to a 

certain Ala+-concentration in the soil is calculated from the 

A1-limiting flux (equation 5), divided by the runoff rate and 

the gibbsite coefficient: 

+ 	 limit 1/3 
1 limit 	

A13+ 	

(8) 

0 ° Kgibb 

By inserting the expression for the Al-limiting flux 
(equation 5) in equation 8 and multiplying with the runoff 

rate to get from H+-concentration to flux, one gets: 

+ 
	 (I -XNa)  .W + D - U - Q. 0. 015 1/3 

H  limit = (1.5 	 ) 	Q 	( 9 ) 

(BC/Al) crit ' Q  . Kgibb 

Using equations 2, 3, 5- and 9, the modified SMB equation for 
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the critical loads of actual acidity becomes: 

CL = W + (1.5 . 

X BC'  W + D - U - Q.0.015 	 )1/3 . Q2/3 + 

(BC/A1) crit  . Kgibb 

XBC.W + D - U - Q.0.015 

+ 1.5 	( 	 ) 
	

(10) 

(BC/Al) Grit 

For units of critical loads in eq/(ha.yr) and Q in 

m3/(ha.yr), the gibbsite coefficient takes the value 300 

m6/eq2. This corresponds to -pKgibb = 8.5. In the modified 

SMB equation, the dilution of acidity with increasing runoff 

has been taken into account. Empirically derived values of 

pKgibb are 6.5 for the O/A-layer, 7.5 for the E-layer and 

8.5 for the B-layer. The modified equation also takes into 

account, that approximately 20-40% of the base cations 

produced by weathering is Na, not participating in the 

BC/Al-ratio. Hence the factor XBC  is 0.8, which is a maximum 

value. The factor varies depending on soil mineralogy. 

The simplified expression implies by setting H+-leaching to 

0,09.Q, that there is no large variation of the runoff rates 

between sites. This is not true for alpine regions, whereas 

it is correct for the northern European plain. Furthermore 

the term (W+D-U) is not constant between different sites in 

the alpine region. Hence it can be concluded, that the 

simplified SMB equations were neither valid for the alpine 

region nor any other region with high precipitation and 

runoff rates. 
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Results 

The modified simple mass balance equations for calculating 

critical loads of actual acidity were applied to the 

Austrian, German and Swiss datasets for a comparison with the 

old calculations. The existing databases were used for the 

calculations; new data were not required, except annual 
average temperature. 

For the Austrian and Swiss datasets additional changes were 

made. The weathering rate was set proportional to 

temperature, using an Arrhenius relationship with A=3500. The 

formula used was: 

A 
	

A 

w=w0  . 10 
281 	273 + T 

Rooting depth was assumed to decline from 50cm at 1500m above 

sea level to 10cm at 2500m above sea level. 

The figures 1-3 show the Austrian, German and Swiss critical 

loads maps calculated with the originally proposed simple 

mass balance equations and the modified ones. It can be seen 

that the very high critical loads in high precipitation areas 

have disappeared. 
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Figure 1: Comparison of the two maps of critical loads of actual acidity for Austria. The map on the top is the 
old map using the simplified equation; the map on the bottom is the new map using the modified equation. Be-
cause of the. large bias towards high precipitation — especially in the Alpine regions of Austria — the old map has 
never been used. The full equation has been applied at an early stage. The only modification done for the new 
map was the inclusion of the effect of temperature on weathering and the linear decrease of soil rooting depth 
above 1.500 m a.s.l. 





< 200 200 — Soo 
❑ 

500 — 1000 	® 1000 — 2000 
w 

7 2000 eq/haay 

Mapping Critical Loads for Germany: 

Roculer. Fero11 Salle 
Yolhod: Steady Stole Bon Belme 

AI/ea—crllerloa, rac`nled Rperl fdo.1 
CU-11, Whom IRRI 

WNW Facol Cater. 

Fodecol Enrlronmolof A2eney, Bfrlln 

co0ohorollop 101111ullene: 

holll0lo el Eenyeloa Reeevdh Bartle 
ladllale el NerIRollen, SI011Sori 

< 700 	 200 — Soo 	
❑ 	

Soo — 1000 	® 	1000 — 2000 	 > 2000 eR/heey 

Dapping Critical Loads for Germany: 

Rocoplor. F01611 50111 
Be1Md: SloAf Stale Bon 801ceco 

aodlllod rerelon of the 
Alpin veihehop, Ylor.na IO2 

Notlonal Focal Contar. 

Fedafol Enfirenaenld Apmoy, 9orlln 

colla5oiallnp 1a111lullooec 

Inolllulo el Euoyelem Roeoerch BerIL. 
Ieolllule of NaoiSollaa, SluttRart 

Figure 2: Compari-
son of the two maps 
of critical loads of 
actual acidity for 
Germany. The map 
on the top is the old 
map using the sim-
plified equation; the 
map on the bottom is 
the new map using 
the modified equa-
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appear as sensitive. 
The bias towards 
high precipitation is 
not longer present. 
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Figure 3: Comparison of the two maps of critical loads of actual acidity for Switzerland. The map on the top 
is the old map using the simplified equation; the map on the bottom is the new map using the modified equation. 
It can be seen in the old map, that large parts of Switzerland remain very acid tolerant. Even areas with well docu-
mented forest damage such as Jura, Lower Alps, Alps and Ticino remain unsensitive. With the new map there 
is much better correspondence between the spatial distribution of critical loads and areas known to be sensitive 
to acidic deposition. 
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