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Abstract

Direct measurement of transpiration in mountainous regions is of interest to
hydrologists, as it is the part of evapotranspiration directly used by vegetation.
Transpiration is thus considered to be the main biological component within the
hydrological cycle. The paper presents data on measurements of the sap flow
through selected representative trees, as related to the air temperature, rainfall,
and soil moisture in surrounding areas. The data were collected during
vegetation season 1995 at an altitude of 1,100masl in the experimental
mountainous catchment of Jalovecky Creek in the western Tatra Mountains. The
results shown in Figures 1 to 4 clearly indicate very complex relationships
between transpiration and related hydrometeorological characteristics. They also
suggest a close relationship between the diurnal course of transpiration and the
easily measurable air temperature, as well as between the daily transpired
volumes of water to disposable soil water resources.

Introduction

Transpiration is the main biological component in the hydrological cycle. The
survival of vegetation in the Hindu Kush - Himalayan region depends on the
availability of water for transpiration. However, the role of transpiration depends
in turn on the type of vegetation cover, and so it is highly related to all human
activities in the very fragile mountainous ecosystems. Naturally, this same
component will be among the first influenced by climate changes.

The water balance of a catchment is basic to any hydrological study, but it is only
usable if all the acting components are determined. Besides precipitation and
runoff, the analysed complex system encompasses the areal evapotranspiration
and soil water storage in the catchment. The evapotranspiration represents the
evaporation from various surfaces and transpiration by vegetation. In most
cases, the actual evapotranspiration is calculated from meteorological data only
and therefore the actual transpiration, which plays so decisive a role in the
environment, is just estimated or not taken into account at all.

Methods Used

Direct measurement of transpiration was carried out by the heat balance method
of Cermak et al. (1973) and Kucera et al. (1977). The method is based on heating
up the sap flow within a tree trunk and measuring the cooling effect related to
the speed of sap in hydroactive xylem. Continuous measurements allow one to
determine the intensity of transpiration in 20 minute intervals and daily
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transpired totals. The pine tree was selected as the representative species for the
experimental plot (1,100masl) in the Jalovecky Creek catchment where the
hydrological balance has been computed by Kostka and Holko (1996). The mean
evaporation with respect to elevation has been estimated by Miklanek (1994).
The actual relationships of different hydrometeorological characteristics to
transpiration was analysed by Molnar and Meszaros (1990, 1994, and 1994a).
Data presented on Figures 1 to 4 were collected during the vegetation season in
1995. The final analysis and water balance computations are not included in this

paper.
Discussion

Figure 1 shows the rather close relation of daily courses of transpiration to the
air temperature measured two metres above the ground. An even stronger
relationship exists between transpiration and air temperature over the canopy.
However, such data are usually not available for remote mountain areas. The
relationship documented in Figure 1 allows the air temperature along with other
characteristics to be used to compute transpiration.

Figure 2 shows how rainfall reduces or eliminates actual transpiration. On the
other hand, it recharges the soil water resources (see Fig. 3) and so contributes
to the process of transpiration during the next period.

The last Figure 4, indicates the very delicate relationship between soil moisture
and transpiration. The low soil moisture content within the root zone limits the
transpiration, thus allowing the accumulation of soil water for later use.
Measurements of the soil moisture were made to depths of 30cm only, which is
reflected in the rather wide dispersion of values over the moving average.

Conclusions

e Determination of areal evapotranspiration presumes knowledge of the
transpiration component that is valid for various vegetation species within the
basin.

e Knowing the actual evapotranspiration allows the water balance, including

corrections for precipitation, to be computed.

¢ Directly measured transpiration as an element of actual evapotranspiration is
the biological component of it and hence affected by anthropogenic influences
and possible climate changes.

292



Part C: Atmospheric Hydrologic and Ecological Interaction

[1-4noy-|] uonesdsuey
w wn - o ~ -

_

' ' : 0v:9L 566172701

0

1

A . V. B
T e et

0%:00 5661°L°6

0%:80 G661°L°L

0¥:91 S661°L'S

—:-at 0r:00 S664°2LY
0v:80 5661°2°T
_#——

o

amEnzaanai

—

;= §
pu

T 0Z:51 5661°9°0Z

0¥:91 6661°9°0¢

Airtemp. 2m [*C] —— Transpiration [Lhour-1]|

0$:00 5661'9'6C

0Z:L0 5661°9°L¢

A,

A
I e

0251 6661°9'ST

0Z:€7 6661°9°¢C

02Z:40 §661°9°¢C

0z:zZ g661°9'8)

I

4 4 h W
L Ot e

02:90 5661°9°L}

0Z:¥1l 5661°9°G1

Figure 1. Air Temperature and Transpiration during a Selected Period in 1995
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Figure 2. Intercepted Rainfall and Transpiration during a Selected Period in 1995




Part C: Atmospheric Hydrologic and Ecological Interaction

0Z:vl S661°9°G)

02:2Z S661°9°¢)

02Z:90 §661°9°C1

0Z:vL S661°9°01

0Z:2Z 5661798

0Z:90 5661°9°2

ML R R A N R e E e N R R R R N N R RS YRR R

STUTNISEtEN TSNS SRR U NE T

0Z:vl 5661°'9'S

(ww) ures
0
T
n
¥ or:9l s66L 20 o)
I 2
I or:00 5661°L6 o
T ovigo sE64LL 3
I =
¥ [
1 or:9l S661°L'S ¥
S -
I ovioosestLy |G g
I s
f oygosesrzz (8| 2
I o
o . E !
T ovi9LseeL90E |=| 9
ey n 8
T Op:005661°96Z (0| B
¥ o 0
T . e ©
T ozosestozz |21 8
¥ £ o
T ozisLs66L9SZ (3| B
T = =}
I o
¥ 0z:cz g661°9°cZ | ®
:E E
*ozzose61922 |F| B
] 3; 5]
¥ 0z:51 5661902 | 5 =
] il =
i oz:zzsesl'osL | 2 A
1 = o
tozoosestos |Q| 5
] =
] 8
: | £
El =
£ ol
v >
« Q
LI
(8]
=
Q
=
g
St
1%
]
| =]
=3
2
[

0

(%) @an3stous (10S SLIBWIN|OA

295




International Conference on Ecohydrology of High Mountain Areas

10

[‘_moq'ﬂ uonendsues)

M~ 0 n < L]

2
1
0

i

o¥:91 G661°L°0)

ol

0v:00 S661°2'6

H Y

4

0¥:80 S661°L°L

f

Ov:9} 6661°L°S
0¥:00 S661°L'Y

0¥:80 S661°LZ

0v:9| S661°9°0¢

1

0¥:00 5661°9°6C

02Z:20 S661°9°LT

0Z:5) S661°9°ST

0Z:£2 566('9°€C

0Z:L0 6661922

n

02Z:Si §661°9°0C

02:Z2 5661981

02Z:90 S661°9°21

o
-
:
E
i
L
r
-
¥
o
4
3
3
3
3
F
-

0Z:vL 6661°9°S)
02:TT 5661°9°¢1
02:90 S661°9C1
0z:vi 5661°9°01
02:27 5661°9'8

02:90 §661°9°L

LA SRS o 08 o e g

0Z:¥1 $661°9°G

50

[%] aumstow j108

0

Moving avg. of soil moisture (%] l

[— Transpiration [Lhour-1] o Soil moisture [%]

Figure 4. Soil Moisture and Transpiration during a Selected Summer Period in 1995
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