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Abstract Processes involved in production, consumption and diffusion of trace gases in soils are
sensitive to changes in environmental/climatic conditions. Most likely future climate changes
will feed back on trace gas fluxes. In order to study possible effects of future climate change
on N0 and NO emissions from forest soils, we used PnET-N-DNDC, a process oriented
model which simulates biogeochemical cycling of C and N in forest ecosystems and predicts
N-trace gas emissions. The sensitivity of PAET-N-DNDC to changes in N-trace gas fluxes was
tested by varying various environmental parameters. Validation against the measured data sets
from several field sites revealed the capability of PnET-N-DNDC in predicting trace gas fluxes
from forest soils. The effect of future climate change on N-trace gas emission from temperate
forest soils was tested for the Hoglwald Forest in Germany. Based on the predicted results
from the global climate model ECHAM, two different climate scenarios were selected, which
represent conditions of today’s climate and of the climate at doubled atmospheric CO,
concentration. Coupling of ECHAM to the regional climate model MCCM allowed us to
predict possible changes in climate for the Hoglwald Forest. Climatic conditions for doubled
atmospheric CO; concentrations increased N-trace gas emissions from a beech and a spruce
site at the Hoglwald Forest by 5-9% (N,0) and 27-29% (NO), respectively. The predicted
results indicate that the increases in N;O and NO were due to the increase in decomposition
and nitrification. The lower soil moisture in summer limited the microbial tumover of C and
N in the soil although the higher temperature was in favor for microbial activity. Therefore,
we conclude that changes of precipitation regimes in future may superimpose the effect of
temperature on N-trace gas emissions.

1. INTRODUCTION

A recent IPCC report has shown that global warming has begun and
forecasts a rise in mean global surface temperature of 1-3.5°C by the year
2100 (Houghton et al, 1996). The impact of this increase in global
temperature on NO and N,O emissions from natural ecosystems and its
possible feedbacks on climate is highly uncertain. Biotic processes (mainly
nitrification and denitrification) as well as abiotic processes (e.g. diffusion,
chemodenitrification) are involved in production, consumption and emission
of NO and N,O from soils. These processes interact with a number of
environmental factors including temperature, moisture, pH, Eh, and substrate
availability. In most forest ecosystems, the environmental factors are driven
by climate, soil, vegetation and anthropogenic activity. To predict NO and
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N20 fluxes on the background of a changed climate, we need to quantify (1)
effects of environmental factors on nitrification and denitrification rates and
(2) effects of forest ecological features (e.g. canopy, forest floor, soil fertility
etc.) on soil temperature, moisture, Eh, pH and substrate concentrations.
Based on the biogeochemical cycling of C and N in forest ecosystems we
have developed a process oriented model (PnET-N-DNDC), which describes
NO and N,O emissions from forest soils (Li et al., 1999 and Stange et al.,
1999). This paper reports how we used this model to predict impact of
changes in climate on NO and N,O-emissions from a forest ecosystem.

2. MODEL-FRAMEWORK

PnET-N-DNDC combines three existing models including the PnET model
(Aber et al., 1996), the DNDC model (Li et al., 1992) and the Nitrification
model (Ph.D. thesis, F. Stange 1999, in preparation). PnET is a forest
physiology model used for predicting forest photosynthesis, respiration,
organic carbon production and allocation, and litter production. DNDC is a
soil biogeochemistry model used for predicting soil organic matter
decomposition and denitrification. The Nitrification model was developed
for predicting growth/death rates of nitrifiers, nitrification rate, and
nitrification-induced NO and N,O production.

The new model, PNET-N-DNDC, consists of five sub-models for predicting
forest growth, soil climate, decomposition, nitrification and denitrification,
respectively (Figure 1). The soil climate sub-model converts daily climate
data into soil temperature and moisture profiles and calculates soil oxygen
diffusion in the forest soil profile. The forest growth sub-model simulates
forest growth driven by solar radiation, temperature, water stress and N
stress, and passes litter production and water and N demands to the soil
climate or decomposition sub-models (Figure 1). The decomposition sub-
model tracks turnover of the litter and other organic matter in the soil, and
passes ammonium, nitrate, dissolved organic carbon (DOC) to the
nitrification or denitrification sub-models. The nitrification sub-model
predicts growth and death of nitrifiers, nitrification rate as well as NO and
N,O productions from nitrification depending on soil temperature, moisture,
ammonium and DOC concentration. The denitrification sub-model simulates
denitrification and changes in population size of denitrifiers as a function of
soil temperature, moisture and substrate concentrations (DOC, NOs, NO;,
NO and N;0). The denitrification-induced NO and N,O fluxes are
calculated based on the dynamics of soil acration status, substrate limitation
and gas diffusion. As a further source of NO-emissions from soils
chemodenitrification, i.e chemical decomposition of NO, to NO, was
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considered, which occurs only when soil pH is <5.0. It was assumed that the
main source of nitrite in soils is nitrification, since rates of nitrification in
forest soils (200-1000 kg N ha’ yr') are usually higher than rates of
denitrification (100 kg N ha™ yr). Therefore, chemodenitrification rates in
PnET-N-DNDC depend on pH, temperature and nitrification rates in the soil.
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Figure 1: Model structure of PnET-N-DNDC (for details see Li et al., 1999)

3. CLIMATE SCENARIO

Two climate scenarios calculated with the global climate model ECHAM
were adopted in this study for predicting impacts of changes in temperature
and precipitation on NO and N,O-emissions from the Hoglwald Forest
(beech and spruce forest) at Bavaria, Germany. The first scenario (1x CO,)
represents a 5 years period of today’'s climate with current ambient
atmospheric CO, concentrations, whereas the second scenario represents the
alternative climate conditions with doubled atmospheric CO,-concentrations
(2x CO,). These climate predictions by ECHAM have been nestled by the
regional climate model MCCM (Grell et al., 1999) for the Munich region
where our field site is located (site characteristics in Table 1) and where NO
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and N;O fluxes have been measured for a long term (Gasche and Papen,
1999; Papen and Butterbach-Bahl, 1999).
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Figure 2: Daily average air temperature and daily average sum of
precipitation (calculated from a 5 year dataset each) for the 1x CO; (today's

climate) and the 2x CO, scenarios (future climate) for the Hoglwald region
(Bavaria).

Table 1: Site characteristics of the beech and spruce sites at the Hoglwald
Forest (Bavaria, Germany, 11°10'E, 48°30'N, 540 m above sea level). SOC:
Soil organic carbon.

Forest  Soil Clay pH SOC at top Nin
age  texture fraction e e insa mineral soil precipitation
[years] [ppm]
Spruce 90 loam 10 32 30 29 P
Beech 94 loam 10 4.0 36 5.1 2.5

We used daily average temperature and precipitation as model drivers for
predictions. The 5-year average daily temperature and precipitation for
current and double CO, conditions are shown in Figure 2. The differences in
air temperature and precipitation between the two scenarios are significant
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during the summer time. During this time period the temperatures of the
2xCO; scenario are predominantly >5°C higher than that of the 1x CO,
scenario, whereas winter temperatures are comparable. Moreover, the
precipitation of. the 1x CO, scenario is higher than that of the 2x CO,
scenario in the summer months. Consequently, the mean annual air
temperature of the 2x CO, scenario was significantly higher (9.11°C) than
that of the 1xCO, scenario (6.94°C), whereas changes in the annual amount
of precipitation were less pronounced (1x CO,: 629 mm, 2x CO,: 707 mm).

4. RESULTS AND DISCUSSION

The results predicted with the two different climate scenarios are shown in
Table 2 and Figure 3 and 4. N-trace gas emissions from both the spruce and
beech sites showed a pronounced seasonality.
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Figure 3: N;O emissions from the beech and spruce sites at the Hoglwald
Forest for the two different climate scenarios (1x and 2x atmospheric CO,
concentrations)

For both scenarios, N;O-emissions in late summer and autumn were
significantly reduced due to soil water limitations (Figure 3) and maximum
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values oszO emissions were only observed in early summer (spruce: 2-3 g
N;0-N ha' d”, beech: >15 gN;O-N ha' d"). The effect of summer droughts
on NO emissions was less pronounced, but maximum values of NO

emissions (>15 g N;O-N ha” d") also occurred in early summer for both
sites (Figure 4).
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Figure 4: NO emissions from the beech and spruce sites at the Hoglwald

Forest for the two different climate scenarios (1x and 2x atmospheric CO,
concentrations)

Ten-year simulations of N-trace gas emissions with both climate scenarios
were conducted for the Hoglwald Forest sites. The simulated results revealed
that N>O emissions increased by 5.4% at the beech site and 9.1% at the
spruce site during the 10 years due to climate changes in the 2xCO2 scenario
(Table 2). The predicted effects of climate changes on NO were even much
more pronounced. Predicted emissions of NO under the warmer climate
scenario increased by 27.8% and 28.4% for the beech and spruce sites,
respectively (Table 2). The increase in N-trace gas fluxes at both sites were

mainly due to increases in nitrification rates rather than in denitrification
rates.
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Table 2: Average annual N,O and NO emissions (kg N ha” year”) from the
soil of the beech and spruce site at the Hoglwald Forest as predicted by
PnET-N-DNDC for the two different climate scenarios.

Beech Spruce
NO N0 NO N,O
1x CO, 252 255 1.61 0.41
2x CO, 323 2.68 2.06 0.45
change [%)] 27.8 5.4 28.4 9.1

With regard to the impacts of future changes in climate on N-trace gas
emissions from temperate forest soils the following conclusions can be
made:

- N trace gas emissions from temperate forest will increase; the increase in
NO emissions could be more pronounced than N,O.

- Changes in precipitation regime could exert greater effects on the N-
trace gas fluxes than changes in temperature.
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