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Abstract

Soil moisture and temperature profile sensors were deployed at flux tower sites in Mongu, Zambia and 
Skukuza, South Africa. In addition, thermal-infrared sensors were deployed to monitor surface 
temperature at the sites, and soil samples were collected for physical property analysis. A heat-flux plate 
was also installed at 10 cm depth at the Mongu site. The data cover the period variously from August, 
1999 to December, 2001. 

At the Mongu site, three profiles of soil moisture and temperature were obtained to a maximum depth of 
125 cm. These profiles were located approximately 30 meters north of the Mongu flux tower, within the 
Kataba Local Forest. The radiometric temperature of the surface was measured by thermal infrared 
sensors deployed on top of the 30-meter tower and on a tree at the site.     

At the Skukuza site, two profiles of soil moisture and temperature were obtained to a maximum depth of 
40 cm in a Combretum stand. The radiometric temperature of the tree crown and the background surface 
were monitored by infrared thermocouple sensors deployed on a pole at 2.5 m and 5 m heights. 

Background Information

Investigators:
Ana Pinheiro (ana@hsb.gsfc.nasa.gov)
Jeff Privette (jeff.privette@nasa.gov) 

Project: SAFARI 2000
Southern Africa Validation of EOS (SAVE)

Data Set Title: SAFARI 2000 Soil Properties, Moisture, and Temp., Skukuza and Mongu, 1999-2001

Site: Skukuza
  Westernmost Longitude: 31° 29' 04"
  Easternmost Longitude: 31° 29' 04"
  Northernmost Latitude: -25° 01' 12"
  Southernmost Latitude: -25° 01' 12"

Site: Mongu
  Westernmost Longitude: 23° 15.162'
  Easternmost Longitude: 23° 15.162'
  Northernmost Latitude: -15° 26.298' 
  Southernmost Latitude: -15° 26.298' 

 



Data Set Citation: 

Pinheiro, A. and J. Privette. 2004. SAFARI 2000 Soil Properties, Moisture, and Temp., Skukuza and 
Mongu, 1999-2001. Data set. Available on-line [http://daac.ornl.gov/] from Oak Ridge National 
Laboratory Distributed Active Archive Center, Oak Ridge, Tennessee, U.S.A.

Web Site: http://modarch.gsfc.nasa.gov/MODIS/LAND/VAL/terra/privette/ 

Data File Information

The data files contain numeric values of soil temperature and moisture profiles, soil properties, and 
surface temperature at two SAFARI core sites. The data files are stored as ASCII text files, in comma-
separated-value (.csv) format. Associated with each data file is a metadata file with the same file name 
and an extension of ".txt". Among other information, the metadata files indicate periods of missing data.

The Soil Properties data files for each site contain the following columns.

Column Units/Fomat

Sample sample ID, character

Bulk density g m-3

Sand %

Silt %

Clay %

Texture character description

Each of the soil temperature, moisture, soil heat flux, and radiometric temperature files contain five 
columns of data as listed in the following table.

Column Column Name Units/Format

1 ID# numeric

2 Year numeric (YYYY)

3 Day Of Year numeric (DDD)

4 Time Local time (HHMM)

5 Measurement

soil temperature Degrees Celsius

soil moisture % Volume

radiometric temperature Degrees Celsius

soil heat flux W m-2

http://modarch.gsfc.nasa.gov/MODIS/LAND/VAL/terra/privette/


A complete list of the different parameters collected and associated file name are described in the tables 
below. The data files are ASCII text files with the root name shown below and extension "csv". The 
metadata files are text files with the extension "txt".

Mongu Site

Parameter Description Root File Name

Soil Temperature Profiles

Soil temperature, profile A - 5 cm Mongu_soil_temp_A005

Soil temperature, profile A - 15 cm Mongu_soil_temp_A015

Soil temperature, profile A - 30 cm Mongu_soil_temp_A030

Soil temperature, profile A - 60 cm Mongu_soil_temp_A060

Soil temperature, profile A - 125 cm Mongu_soil_temp_A125

Soil temperature, profile B - 15 cm Mongu_soil_temp_B015

Soil temperature, profile B - 30 cm Mongu_soil_temp_B030

Soil temperature, profile C - 15 cm Mongu_soil_temp_C015

Soil Moisture Profiles

Soil moisture, profile A - 5 cm Mongu_soil_moist_A005

Soil moisture, profile A -15 cm Mongu_soil_moist_A015

Soil moisture, profile A - 30 cm Mongu_soil_moist_A030

Soil moisture, profile A - 60 cm Mongu_soil_moist_A060

Soil moisture, profile A - 125 cm Mongu_soil_moist_A125

Soil moisture, profile B - 15 cm Mongu_soil_moist_B015

Soil moisture, profile B - 30 cm Mongu_soil_moist_B030

Soil moisture, profile C - 15 cm Mongu_soil_moist_C015

Soil Heat Flux Soil heat flux, profile A - 10 cm Mongu_soil_heatflux_A010

Surface radiometric temperature
Sensor mounted at 20 degrees off nadir, 
facing NE, looking at background (bare 
soil and dead leaves).

Mongu_tir_background20d

Canopy radiometric temperature

Sensor mounted at 20 degrees off nadir, 
on top of main tower, facing North, 
looking at mixed canopy and 
background.

Mongu_tir_canopy20d

Sensor mounted at 57 degrees off nadir, 
on top of main tower, facing North, 
looking at mixed canopy and 
background.

Mongu_tir_canopy57d

Soil physical properties Soil physical properties Mongu_soil_properties_A

Skukuza Site



Parameter Description Root File Name

Soil Temperature Profiles

Soil temperature, profile A - 5 cm Skukuza_soil_temp_A005

Soil temperature, profile A - 15 cm Skukuza_soil_temp_A015

Soil temperature, profile A - 30 cm Skukuza_soil_temp_A030

Soil temperature, profile B - 15 cm Skukuza_soil_temp_B015

Soil temperature, profile B - 30 cm Skukuza_soil_temp_B030

Soil Moisture Profiles

Soil moisture, profile A - 5 cm Skukuza_soil_moist_A005

Soil moisture, profile A - 15 cm Skukuza_soil_moist_A015

Soil moisture, profile A - 30 cm Skukuza_soil_moist_A030

Soil moisture, profile B - 5 cm Skukuza_soil_moist_A040

Soil moisture, profile B - 15 cm Skukuza_soil_moist_B005

Soil moisture, profile B - 30 cm Skukuza_soil_moist_B015

Soil moisture, profile B - 40 cm Skukuza_soil_moist_B040

Surface radiometric temperature
Sensor mounted at 57 degrees off nadir, 
looking at grass.

Skukuza_tir_herb57d

Canopy radiometric temperature
Sensor mounted at 57 degrees off nadir, 
looking at tree crown.

Skukuza_tir_tree57d

Soil physical properties Soil physical properties Skukuza_soil_properties

Site Descriptions

Kataba Local Forest, Mongu, Zambia

The Mongu tower site is located within the Kataba Local Forest reserve approximately 20 km south of 
Mongu in Western Province, Zambia. The main vegetation cover is Kalahari woodland dominated by 
Brachystegia spiciformis. The Mongu site is one of the core EOS validation sites where a permanent 30 
m tower has been erected. Measurements were made approximately 30 m north of the main tower.

Soil Profiles

Three profiles of soil moisture and temperature sensors were deployed approximately 30 meters north of 
the Mongu flux tower in the Kataba Local Forest, Mongu, Zambia. The main profile (A) included five 
time domain reflectometer (TDR) moisture sensors and five thermistors placed at the following depths: 5 
cm, 15 cm, 30 cm, 60 cm, and 125 cm. The profile also included a soil heat flux plate deployed at 10 cm 
depth. Measurements were taken every ten minutes and averaged and stored on a Campbell Scientific 
CR10X data logger every half-hour. Two additional profiles (B and C) were deployed in the vicinities of 
profile A. Profile B contained two moisture time domain reflectometers and two thermistors at depths 15 
cm and 30 cm. Profile C included one moisture sensor and one thermistor at 15 cm deep.

Soil Physical Properties Characterization 



A characterization of the soil physical properties was performed during the second intensive field 
campaign (February, 2000). Soil samples were collected at different depths at the profile A location. 
Samples were sent to a lab at CSIR in Pretoria in order to determine bulk density, texture, and particle 
size distribution. Soil property analysis was provided by Luanne Otter, formerly of CSIR. Some general 
characteristics for the soil profile are shown in the table below.

General Soil Characteristics in Mongu, Zambia

Layer Depth Characteristics

0-45 cm
white sandy soil, presence of large amount of fine roots (approximately 
50% of exposed area)

45-75 cm
yellowish sandy soil, presence of small amount of roots (mostly thick 
roots covering about 10% of exposed area)

75-125 cm
dark yellow sandy soil (presence of iron oxides), with very little visible 
roots (about 2% of exposed area)

For additional soil physical properties, see: Mongu_soil_properties_A.csv 

Radiometric Temperature

Two infra-red thermometers were deployed at the top of a 30-meter tower at the Mongu site. The sensors 
monitored the temperature of the surface area north of the tower. The system included two sensors 
deployed with view zenith angles of 20 and 57 degrees. Brightness temperature in degrees Celsius was 
collected and stored on a Campbell Scientific 21X data logger every 15 minutes. An additional infra-red 
thermocouple sensor was deployed on a tree adjacent to the soil profile A location to monitor the 
background surface radiometric temperature.

Skukuza, Kruger National Park, South Africa

The Skukuza tower site is within the Kruger National Park in northeastern South Africa. The tower site is 
named for the Skukuza camp that is located nearby. The main tower at Skukuza was placed between two 
distinct savanna types, a broad-leaved Combretum savanna and fine-leafed Acacia savanna. An additional 
smaller ancillary tower was deployed in each of the homogeneous vegetation types. The measurement 
systems described here were deployed next to the ancillary tower in the Combretum area, approximately 
90 meters north of the main tower.

Soil Profiles

Two profiles of soil moisture and temperature were deployed approximately 90 meters north of the main 
Skukuza flux tower in the Combretum stand. Profile A included three TDR moisture sensors and three 
thermistors placed at 5 cm, 15 cm, and 30 cm depths. Measurements were taken every ten minutes and 
averaged and stored on a Campbell Scientific CR10X data logger every half-hour. An additional profile 
(B) was deployed in the vicinity of profile A (8 meters away). Profile B contained four TDRs, at depths 
of 5 cm, 15 cm, 30 cm, and 40 cm, and two thermistors at depths of 15 cm and 30 cm.



Soil Physical Properties Characterization

A characterization of the soil physical properties was performed during the second intensive field 
campaign (March, 2000). Soil samples were collected at different depths in the vicinity of the soil 
profiles. Samples were sent to a lab at CSIR in Pretoria in order to determine bulk density, texture, and 
particle size distribution. Soil property analysis was provided by Luanne Otter, formerly of CSIR. Some 
general characteristics for the soil profile are shown below.

General Soil Characteristics in Skukuza, South Africa

Layer Depth Characteristics

0-30 cm Coarse loamy-sand soil; grass roots dominate in the first 10 cm

30-40 cm Coarse loamy-sand soil; tree roots not observed below 40 cm

>45 cm Gravel/bed rook

For additional soil physical properties, see: Skukuza_soil_properties.csv 

Radiometric Temperature

Two infra-red thermometers (see table below) were deployed in the Combretum stand of the Skukuza site 
in order to monitor the diurnal temperature variation of the grasses and the trees. The system included 
two instruments deployed at 2.5 m and 5 m heights with an view zenith angle of 57 degrees. Radiometric 
temperature in degrees Celsius was collected and stored on a Campbell Scientific 21X data logger every 
30 minutes.

Instrumentation

Measurement Instrument Model Manufacturer

Soil moisture TDR CS615
Campbell Scientific, Inc., Logan, 
Utah

Soil temperature thermistor 107L
Campbell Scientific, Inc., Logan, 
Utah

Radiometric temperature infra-red thermometer IRTS-P
Apogee Instruments, Inc.,
Logan, Utah

Soil heat flux soil heat flux plate HFT3
Campbell Scientific, Inc., Logan, 
Utah

Date and Time data loggers CS21X, CR10X
Campbell Scientific, Inc., Logan, 
Utah



IRTS-P infra-red thermometers mounted 
on the Mongu tower.

The soil temperature and 
moisture probes were 
located in this area, 

viewed by the IRTS-P 
sensor on the Mongu 

tower.

A moving average of soil moisture and soil temperature at the Skukuza tower site. 

Additional Sources of Information

Related Data Sets

The Mongu and Skukuza research sites were the focus of several complementary studies by colleagues 
from South Africa and elsewhere relating to savanna biophysics, radiative transfer and biogeochemistry. 
Among others, these include the EOS validation activities of the SAVE project, which includes 
measurement of canopy radiative transfer, bidirectional reflectance, leaf area index and primary 

javascript:pictureWindow('figures/mongu_tower_tir.jpg','IRTS-P infra-red thermometers mounted on the Mongu tower.',800,600)
javascript:pictureWindow('figures/soil_area3.jpg','The soil temperature and moisture probes were located in this area, and the background IR sensor was in the tree on the left (look for the red wire running up the tree), all viewed by the IRTS-P sensor on the Mongu tower.',525,700)


production. Other studies include measurements of nitrogen oxide and methane sources and sinks and 
measurements of volatile organic compound emissions.

Additional related data sets collected at the Mongu and Skukuza sites during SAFARI 2000 are archived 
by ORNL DAAC. A list of these data sets is available at: http://www.daac.ornl.gov/S2K/safari.html.
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