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ABSTRACT

Simulations of a vertical one-dimensional model
having the Simple Biosphere Model (SiB) as the land
surface parameterization, and turbulent diffusion,
shallow and deep convection, radiation and large
scale precipitation, shows the contrast between
forest and pasture in Amazonia to be different if
vegetation is or not stressed by soil moisture
limitation. In unstressing conditions, forest
generates more sensible heat and turbulent
transport of moisture wupwards, resulting in
convective precipitation 26% higher than that of
pasture. In the other hand, the stressing
vegetation limits pasture to evaporate in such a
way to decrease the precipitation over it by about
57%.

1. INTRODUCTION

There seems to be indications that the replacement of Amazonia forest
surface by pastureland conditions will lead to substantial changes in the
regional climate, thus decreasing the evaporation and precipitation over
regional scales. While Nobre et al. (1991) have pointed out this fact by
numerical results assuming either forest or pasture conditions in Amazonia,
the observed micrometeorological data of a ranchland pasture in the central
Amazonia given by Rocha et al. (1992) have supported their results. The
GCM’s predictions of climate perform the integration of both horizontal and
vertical non-linear effects of the atmosphere 1in the 1long run. A
one-dimensional model is more suitable if achievement is to gain control and
simplicity in the boundary conditions altogether with practical analyses of
the short term results when the former conditions are changed. This paper
presents the likely response changes in the atmospheric column, namely the
temperature, humidity and convective ©precipitation, resulting from
replacement of the natural forest surface in central Amazon point by a
degraded pasture scenario, a ocurrence commonly found in that region.

2. THE MODEL AND INITIALIZATION DATA

The one-dimensional model having 18 vertical sigma coordinate layers,
described in Rocha and Bonatti (1992), calculates the temperature, 6, and
umidity, g, in the atmospheric column respectively by equations (1) and (2),
where (I) is the heat and humidity turbulent transport in the boundary
layer; (II) is the heat and humidity transport by shallow cumulus; (III) is
the latent heat release in deep cumulus convection; (IV) is the large scale
precipitation by condensation in an approximated wet bulb process; and (V)
is the diabatic heating by short and long wave radiation.
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This one-dimensional model has the SiB model (Sellers et al., 1986) as the
land surface parameterization, assuming either forest (Sellers et al., 1989)
or degraded pasture (Nobre et al., 1991), for two cases: stressing or
unstressing soil moisture conditions. Integrations were performed for 24
hours with a time step of 20 min. The surface pressure and horizontal winds
are kept constant througout the integration. A rawinsounding nearby Manaus,
in 03/May/87, at 00:00 UTC, provides the initial conditions.

3. RESULTS

Figure 1 shows the diurnal cycle of net radiation, latent and sensible
heat fluxes calculated by SiB-1D for forest and pasture for both stressing
or unstressing conditions, imposed by soil moisture constraints. Table 1
summaries the model daily values. Data observed by Rocha et al. (1992) in a
central Amazonian ranchland show the contrasting situation of the pasture
when being stressed or not by soil moisture to be quite relevant.

a) Unstressing condition: the calculated evaporation of both forest and
pasture are very similar, but the higher sensible heat rates above the top
canopy of the forest will determinate the most contrasting difference
between them. The forest generates more turbulence in the boundary layer,
turning the convection a more efficient process than that above the pasture.
As a consequence, convection starts earlier (an hour or two) and finishes
later (idem) above the forest, see Fig. 2a. The calculated precipitation for
forest in 24 hours is 1.6 mm/day while it is 1.1 mm/day above pasture,
showing a decrease of about 26%. The latent heat release in the atmospheric
column of the troposphere does appear to be 0,5 K hotter above the forest
(see Fig. 3a). Contrasts in the humiditity content are restricted along the
boundary layer, where air over the forest is wetter at the very first hours
of the day while it tends to be drier after noon time as a consequence of
the more efficient feeding process of convection (see Fig. 4a).

b) Stressing conditions: this case shows an evaporation notably larger for
the forest case (see Fig. 1 and Table 1), being the dominant term leading to
the main contrasts of the two scenarios. As the low level convergence of
humidity is a restricting factor to local convection, the low evaporation
rates produced by the pasture are not enough to compare to those by the
forest, which triggers the convection over the latter in such a stronger
intensity, see Fig. 2b. Acumulated precipitation over the forest is 1.5
mm/day while over the pasture is 0.6 mm/day, thus decreasing it by about
57%. As a consequence of the differing local convection activity, the
atmospheric column upon the forest does appear to be up to 2.5 K hotter
(Fig. 3b), while the forest’s boundary layer have a relative increase in the
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humidity content of up to 2.0 g/Kg (see Fig. 4b).

Table 1: Daily values of net rad%ation, Rn, latent heat flux, AE, and
sensible heat flux, H, in MJ/m /day, calculated by SiBlD assuming
forest or pasture surface for both stressing and unstressing soil
moisture conditions.

SiB1D SiB1D Rocha et al. (1992)
TROPICAL DEGRADED RANCHLAND PASTURE
FOREST PASTURE MANAUS, AM
UNSTRESSING 14.70 13.06 14.05
Rn }-5% } -15% } -25%
STRESSING 13595 11.55 10.60
UNSTRESSING 9553 8.41 9.90
(3.9 mm) (3.5 mm) (4.1 mm)
AE
} ox } -35% } -s5%
STRESSING 9.53 5.45 5.45
(3.9 mm) (2.2 mm) (2.2 mm)
UNSTRESSING 3.93 2195 3.65
H } -ax% } +35% } +22%
STRESSING =76 4.53 4.65

Percentages are given as the differences of the unstressing case minus
the stressing case.
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Fig. 1. Calculated surtace energy fluxes (W.m"2): net radiation, Rn, latent,
AE, and sensible heat flux, H, for forest (solid) and pastureland (dashed)

surface for the (a) unstressed condition and (b) stressed condition.



322

(a) unstressed (b) stressed
17 - 17
16 | T
13 - N
ll: b ll:
LB o 9 -
15 % 75
s 5 5 |-
3 =5
1°ll;ll;ll;llllzll;sllllalJz‘l‘l 1-4LlllllJllLlllllllllll4LL

0 3 8 ° 12 16 18 21

Local hour Local hour

2.0 =
£

Ei5

(c) 1.0

0.5 4

0.0

F P F P
stressed unstressed

Fig. 2. Difference of 1latent heat release (K/hour) produced by cumulus
convection over the forest minus over the pastureland for the (a) unstressed
case and (b) stressed case; (c) resulting convective precipitation for
forest (P) and pasture (P) for stressed and unstressed case (mm/day).
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Fig. 3. Difference of potential temperature (K) in the troposphere for the
forest minus the pasture case for (a) untressed case and (b) stressed case.
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Fig. 4. Difference of mixing ratio (g/Kg) in the troposphere for the forest
minus the pasture case for (a) untressed case and (b) stressed case.

4. CONCLUSIONS

An one-dimensional model shows the fast response of the atmosphere forced
by only surface boundary conditions, while advective terms are supposed to
be zero. A very contrasting situation is produced by assuming either forest
or pastureland conditions of a point in central Amazonia. For unstressing
vegetation imposed by soil moisture constraints the higher sensible heat
produced by forest leads to an more efficient convection on the atmospheric
column above 1it, while increased net radiation as albedo and surface
temperatures are 1lower. For the stressing case the higher forest’s
evaporation feeds the convection in such a stronger intensity than that
above pasture; accordingly tropospheric heating is up to 2.5 K warmer over
the forest and boundary layer moistening can reach up to 2.0 g/Kg. This
shows that in a situation of purely local convection the replacement of
vegetation from forest to pasture must diminish the time period of

convection along daytime, and more, the convective intensity must fall down
to very low values in severe days of dry season.
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