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An empirical calibration method for temperature dependence of a commercially available

capacitance probe (ECH O probe : Decagon Devices) was presented in this paper. A laboratory

experiment was conducted to obtain probe outputs at di erent water contents ( ) and tempera-

tures ( ) using soil from Shaanxi Province, located in the Loess Plateau, China. The probe output

showed strong positive response to A calibration equation describing the probe output as a

function of and was developed through an empirical curve fitting approach. The values

were estimated by solving the calibration equation numerically. The root mean square errors

between actual and estimated were . m m . We also discussed the theoretical background

of the temperature dependence of the probe using the results from the experiment.

The calibration equation was applied to field observation data in the Loess plateau. The

equation significantly reduced the daily and seasonal fluctuations of the probe outputs to A

linear calibration equation provided by the manufacturer, which neglects temperature depend-

ence, caused incorrect interpretation of water movements, suggesting the importance for temper-

ature calibration in arid environments.

: dielectric probe, temperature dependence, calibration, water content, Loess plateau
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Schematic diagram of experimental apparatus.
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ECH O

Relationship between the output of ECH O probe and water content at regular

temperature ( ).

ECH O

Response of the output of ECH O probe to temperature at each water content.
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g g

g g
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g g

Dependence of on water content.

Parameter values of Eqs ( ) and ( )
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RMSE . .

:

Comparison of the actual and calibrated water content.
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cm

The calibrated water contents and soil temperature at a depth of cm in the

Loess Plateau (summer in ).
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b

:

: a cm, b cm

The calibrated daily mean water contents and daily mean soil temperature in the Loess Plateau

(summer in spring in ) : a) at a depth of cm, b) at a depth of cm.

a

cm

a

Fig.

,**/ ,**0

/ 0*

,**/ ,**0 / 0*

,/

1 ,**/ ,**0

/

*

1

*

1

1

e

q

q

q



� �

�
� � �

� � �
� � � �
� �

� � � �� �
� � � � �

� � � �
� � � �

� �
� � � �

� � �
�

� � � �
� �
� �

� � �
� � �

� �
�

� �
�

� �
�

� � �� �
�

� �

�
�

�
� �

� �
� � �

�
�

�
�
�

�
�

�
�

� � �

	 


� 	 	�  �� �� ��� � � ���	�  	 � � � ��
�	� � ������� � �!� "# $ % �&'(	)*# +,-� �.��/
/ �0 	 123	45� �67��8 ��
"9� :�;� ���%�� , � � < 	 #=� >9?5@6 A��8 B
��C8 � D� E���$� 9�	$�� 	 "9�@6F GHI 	 /JK'L	
; MF	�N	��� � �#OP�� Q � � �	 )� 9�R �.�S�
��1$� 9�%�� T�/���� � S AF MF	 	 "� U@6F

#� VW 	 , # , 	XY�Z[� � #2�8� B �  	
�JK'L	� \]�^9 � #_�� \]� `� �� ��� #2�8� �
a�� VW 	 �bc d e� "-fE 	 	�  �� ��� � $.Q g
$.Q hi#_� � , T$ �8/� ��jk�V , � T� 	 l m�
eC�%��ne� �e� o	�#_C8 � B 	 p� < � � A 	�
� , � � �	 "�bcE 9�1$ q�  	 rs< 	 	t �uC8/;
8/� ���C8 �  �� , �/ � �.����� �
v 	wix	yz� ���n-�� hi	 /
w{#� , #|/8: � H� �	}
~e� #e�8q 9� �/C� �C���� jk� u � ��#_��
e �R �.�%��ne� � #_�� � �� �����# jk� 	 � � %%
{#|/8 ���� r��:		 #��	>� 9

o	�b� � "	������eC� % �
$ ?�_U# � #_� � � �#
|/8� 	�����#;/%�#���8/� �
e� � 	1 � #m�Q ��� E #
|/8,� B 	�/#_QF# e� # T$
"9�R �.� � ���C8 �
#_�� � f�: �#|/8� 	�

�����/n�$��; >� $.�

jk$� � � ��#��;
JK'L	�� ��  	 < � ^��

� � �	2 ��8 v9�� �� ;
� �# �  	  #29����uC
� �  �� ��� �� � ��_Q �
 �&'(# � �e�S� e�S
�T$ S/ $ � $5� T� v
&'(p	 \]_Q � �� �	 "# Ua
e� 	 �¡ #� $5�%��neC�
JK'L	� # 9�¢/ 	O � �
w{	 �� r� i � W {	
�� r9�%�#_Q hi£¤¥¦# 9�
"	 "s &'(# 9��C�)*�

;R �.�%��neC� l	� 
� ls # §#m��:	$�

.�� # �	 " "	 5/d � ¨ ©Fª H E «¬ ® ¯
s °$	 ±²(³¥´# l�� 9� #_�µ¶· � K'

�� ��� �

� 	
� �� � �� � � � � � � �� �� � �
� �� �� � � ��

�  ! "
� 	#$ %& ' ( )� * +

, �- . � /� � 01 2 �
3 4 � 51 67 8�

9 � : �;+ � �� �
! <3=< > ? @A � ��

� � � � � � � 	
�
> B �;C � D �� � �� � � ��

�; ? EF G H ���;
�� /� �� ' ( )� + I

� 3 � J K � �� L ( MN� O ��
� �� � �

3 P Q
? �; K
R S T ' UV W(XY' Z[ =\
8� � ] �^ _� `� a

R bL c
3 �

d �; D 2�;e
�

f ��I < ��
/� g � g

� 8� hi
� � 2�;e �

* ��

' j � ���;
k � �� l� ( m

nop �; 3 1 c � T
< � �� �qkr
� �� � � � a

s 2 2�; �;e
t� �;C uD �

)� � 3 � �
� �;�v ; �
' � s � w xy
Y> �; \L y z R
�; bL s
�;� 	{| s }
8� ���; �

��� �; s~��I 5
� 3 Y� �� \ �3 '�� � i� � ��

3c� �; �; � � V�

�

� �

� � � �

	 
 � �

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�
� � �

� � � � �

24

Inc. Application Note. AN TP- . Decagon Devices

gon

Devices Inc. Application Note. Decagon Devices

water management using capacitive water sensors.
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