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1 Ú ó

�í$ÄÄ��§|ê�È©~^��{
´ k � � © � {. 3 ^ � © � § � O � © �
§ �, k � � © � ª � � E ´ � � � ~ ­ � �
¯ K, Ï � � © � § 7 L ÷ v � © � § � � 

Ä � Ô n A �, Ù ¥ � í � N � þ Å ð 5 � ´
Å ð � © � ª ¤ 7 I ÷ v � � � � Ä � � 5
� (∂/∂t

∫
ρdA = −

∫
∇V dA = 0, Ù¥ A ��

¥�í½,�µ4«�). éõ�©�ªÑäkù
�á5, =

∑
δρ/δt = 0, �´du�Ýäk�½

5 (positive-definite), 
�©�ª¿Øäk�½5,

¤±¿ØU�y�ÝØ�K�, Ïd
∑

δρ/δt = 0
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þ��� (flux-limiter), (�
�©�§3È©L
§¥��þ©ª��, �,Ø¬kK�Ñy, �´
¿vk)û�þÅð�¯K, 3¦���²6n�
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�÷¿�
(J, �E,vk)û�þÅð¯K. 2006 c Ska-
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ÏL©Û Skamarock �� “­�z�Y”, �ö
@� “­�z�Y” Ì�ý­u|^êÆ�{��
K��Ñy, ?
)û�½5Ú�þÅð¯K (�
[�1 3 !), ÙÔn¹Â'��
; ¿�éuXÛ
)û*Ñ��¯K, vkØã. âd, �©JÑ
�
«Ôn¿Â�Ù� “#�½5­�z�Y”, ¿mÐ

{üÁ�.

2 �þ��½5���©�§�þØ
Åð�nØ©Û

ÊH/ª�ëY�§�
∂ρ

∂t
= −∂ρu

∂x
− ∂ρv

∂y
− ∂ρw

∂z
, (1)

Ù¥ ρ ��í¥�,«í�·ÜÔ�Ý, (1) ª�
©�§�w«�mÈ©�§�

ρt+∆t = ρt +
δρt

δt
∆t, (2)

� § (2) ¥ þ I L « � m �, ∆t � � m Ú �.

(2) ª¤á�7�^�´: 3�mÚ� ∆t �ã
S ∂ρt/∂t ≈ δρt/δt, Ïd ρt 7L3 ∆t �ãS
ëY��, du�Ýäk�Ä��á5 ρ > 0,

Ïd� δρt/δt < 0 �, �� ∆t > −ρt/
δρt

δt
, K

k ρt+∆t < 0. �Ò´`, 3 ∆t �ãS¬Ñy,
�: t0 ¦� ρt0 = 0; du ρ ØU�K, Ïd3 t0

�� ρ Ø��, � ∂ρt/∂t ≈ δρt/δt Ø¤á, Ïd
3|^ (2) ªÈ©�3T�ãØ¤á, ¤±¦+
�©�ª÷v

∑
δρt/δt = 0 ¤á, �duØäk

�å ρ > 0 �á5, Ïd�� “K�þ” Ñy, ¤
±

∑
δρt/δt = 0 �´o�þÅð�7�^�
�

¿�^�.

3 WRF �ª­�z�Y0�9�3�
¯K

WRF �ª´8cISþ'�k?�ê��ª,

3IS�2�/A^u�ÖÚ�ï, X�ºïÄ
� [6]. duÄåÆ�§æ^ Euler �{O�, �,D
Ñ�§��©�Y÷v�þÅð�7�^�, �¿
Øäk�½5, Ïd WRF �ª3È©L§�3 “K
�Yð�þ” ¯K, ��\OüYXÚ5 �. �)
ûù�¯K 2009 c Skamarock mÐ
Xe­�z
ó� [5].

WRF �ªæ^ 3 � Runge-Kutta �mÈ©�
Y, ò�mÚ� ∆t ©¤ 3 ÚÈ©,

∂µφ

∂t
+

∂µφu

∂x
+

∂µφv

∂y
+

∂µη̇φ

∂η
= µSφ, (3)

(µφ)t+∆t = (µφ)t − ∆t
( ∑

i

δxiF
∗∗
xi

−µSt
φ

)
, (4)

� § (3) � WRF � ª ¥ � D Ñ � §, � § (4)

� Runge-Kutta �mÈ©�Y�1nÚ, �§ (3),

(4) 9±e�§þæ^©z [5] ¥�ÎÒ, þI “**”

L«1�Ú t + ∆t/2 �m�, φ �·Ü', µ �í¬
�Ý, δxiFxi L« i �IX�:«�Ïþ�¥
�
�©�f. “­�z�Y” Ò´�éÈ©�1nÚ,

=�§ (4) ?1�. äNæ^Xe�§ (5) Ú (6) é
Ïþ�?1?�.

(µφ)∗∗∗ = (µφ)t + ∆tµSt
φ, (5)

(µφ)t+∆t = (µφ)∗∗∗ − ∆t
∑

i

δxi[
F 1∗∗∗

xi + R(F cor∗∗

xi )
]
. (6)

Skamarock[5] @�, K·Ü'��)´du�©�
O�©E¤�Ø�¤Úå, ÏdòÏþ F ∗∗∗

xi ©)
¤��Ïþ F 1∗∗∗

xi Úp�Ïþ F cor∗∗

xi üÜ©, d
u WRF �ªæ^p°Ý�m�©�f, ÏdK·
Ü'´dp�Ïþ¤Úå.

F cor∗∗

xi = F ∗∗∗
xi − F 1∗∗∗

xi , (7)

-µ̃φ = (µφ)∗∗∗ − ∆t
∑

i

δxiF
1∗∗∗

xi , (8)

éu��í¬, duÀ6Ñ¦�í¬SÔ�~�,

À6\¦�í¬SÔ�O\, ÏdK·Ü'��),

´duí¬SÀ6Ñþ�Ø�¤Úå, ¿8(�6
ÑÏþ�p��Úå. ^þI “+” L«6Ñ, XJ

µ̃φ < ∆t
∑

i

δxi(F cor∗∗

xi )+, (9)

Kk (µφ)t+∆t < 0. ÏdÏLéí¬6ÑÏþ�
�p��?�=��åK��Ñy, �{Xe. X
J (9) ª¤áK

R(F cor∗∗

xi )+ = (F cor∗∗

xi )+µ̃φ[
∆t

∑
i

δxi(F cor∗∗

xi )
]−1

, (10)

ÄK R(F cor∗∗

xi )+ = (F cor∗∗

xi )+, Ø�?�. ?
|
^ (6) ª=���e��g�ý�. �[Øã�ë
�©z [5].
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l ± þ � { � � ã � �, “­ � z � Y” Ï
L?� t ���6ÑÏþ�p��, ¦�3 ∆t

� m Ú � S í ¬ � 6 \ Ú 6 Ñ þ f Ð ² ï, ¦
� (µφ)t+∆t = 0. T�{�êÆLã�~{ü, �
�3n�¯K. ¯K�, £ã�ÔnL§�3¯K,

Ï�6ÑÏþ�� µφ Úº�k', ��mÚ� ∆t

¿Ã'X, �l�§ (8) Ú (10) �±wÑ6ÑÏþ
���� ∆t k', ?���Ïþ3 ∆t �mÚ�S
í¬�6\Ú6ÑþfÐ²ï, ù�:"�Ôn�
â, ý¢�ÔnL§�X31�!¥nØ©Û��
¹, 3 ∆t �ãS�3�m: t0, (t 6 t0 6 t + ∆t)

¦� (µφ)t0 = 0, 3 t0 � t + ∆t �ã�6ÑÏþA
T�". ¯K�, ò÷v^��§ (9) ª��:�6
ÑÏþ?��, du6Ñ���ei�:��þ~
�¬¦�ei�:��þk�Ud�C�K, �Ò
´`¬éei�X��:���)K�, éuù�
: Skamarock 3 WRF �­�z�Y¥ (©z [5])

¿vk�Ñ. ÏdX@�K�==´duÏþ��
O�Ø�Úå, 3 t ��é6ÑÏþ?1��, @o
¢S¢yL§ò'�E,. ¯Kn, Skamarock 3­
�z�Y¥�?Ø
²6��­�z�{, ��9
*Ñ��¯K, 
*Ñ�3º�����¹e´�
�Ø��Ñ�­��, ÏdÙ­�z�{¿Ø��.

nþ¤ã, ©z [2—5] �´^êÆ�{)û�
½5¯K, òK�þ¯K (K·Ü') ==8(�Ï
þØ�Úå, ¿�±?�, ÙÔn�.�3�½¯
K, �Ñ
*Ñ����^, ¿�¢y�{��E
,. �©òJÑ�«{'!�Ôn¹Â�Ù� “#
�½5­�z�{”.

4 ²6*Ñ�§�#�½5­�z�{

�{üå�, ±��²6�§�~é��{?
1�ã.

ã 1 ¥, �: (i, j) ¤�L�«� (J�Ý/«
�), 3 ∆t �ãS��þCz�

∆mij =
[
(µφu)i,j−1/2∆y − (µφu)i,j+1/2∆y

+(µφv)i−1/2,j∆x

−(µφv)i+1/2,j∆x
]
∆t, (11)

Ù ¥ ∆x, ∆y © O � x � � Ú y � � � � å.

(11) ª ä k � ~ ² ( � Ô n ¹ Â, = « � (i, j)

� � þ C z � u T « � > . ? 6 \ 6 Ñ þ �
o Ú, ± « � (i, j) � À > . (m ý J �) � ~,

X (µφu)i,j+1/2∆y∆t > 0 ` ² d « � (i, j) 6
Ñ, � é u « � (i, j + 1) K � 6 \ � � � �
�. ± « � (i, j) � Ü > . (� ý J �) � ~,

X (µφu)i,j−1/2∆y∆t < 0 `²d«� (i, j) 6Ñ,

�éu«� (i, j−1) K�6\, �����. Ón y

��½,.

ò (11) ªØ± ∆x∆y∆t, ��

∆(µφ)ij

∆t
=

(µφu)i,j−1/2

∆x
−

(µφu)i,j+1/2

∆x

+
(µφv)i−1/2,j

∆y

−
(µφv)i+1/2,j

∆y
, (12)

� ∆x, ∆y, ∆t ªu"�, (12) ªBC� (3) ª�
���©�§, = (12) ª´ (3) ª�Ã
®���
��©�§. Ïd3^ (12) ª�ê�È©O��,

(µφ)t+∆t
ij < 0 ¤L«�Ôn¹Â´«� (i, j) 3 t

� t + ∆t �ãS�Jb�6Ñþ, ÚÙ���ei
�:«�Jb�6\þ, �����. Ïd, ?�K
�þ ((µφ)t+∆t

ij < 0) �¯K�8(�XÛ�KJ
b�6\Ú6Ñþ�¯K.

ã 1 ��²6�§�©�:«¿ã ¢���:��
©�:, J�Ý/«�L«�:�L�«�

^ Fi,j−1/2, Fi,j+1/2, Fi−1/2,j , Fi+1/2,j ©OL
««� (i, j) o�>.þ�Ïþ, w,3 ∆t �ãS
�>.Ïþ���'�kXe'X:∣∣Fi,j−1/2

∣∣ :
∣∣Fi,j+1/2

∣∣ :
∣∣Fi−1/2,j

∣∣ :
∣∣Fi+1/2,j

∣∣
=

∣∣∣(µφu)i,j−1/2

∆x

∣∣∣ :
∣∣∣(µφu)i,j+1/2

∆x

∣∣∣
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:
∣∣∣(µφv)i−1/2,j

∆y

∣∣∣ :
∣∣∣(µφv)i+1/2,j

∆y

∣∣∣. (13)

Q,�>.þÏþ3 ∆t �ãS�3þã'~
'X, ��mÃ', @o, � (µφ)t+∆t

i,j < 0 �, «
� (i, j) ei��«��Jb6\þ, �kÓ��
'~'X. Ïd�Iòei��«��Jb6\þ
~K=�.

-

Gt+
i,j =

∣∣Gt+
i,j−1/2

∣∣ +
∣∣Gt+

i,j+1/2

∣∣

+
∣∣Gt+

i−1/2,j

∣∣ +
∣∣Gt+

i+1/2,j

∣∣
3 À Ü � �, X J � 6 Ñ > . K G+

i,j±1/2 =
(µφu)i,j±1/2

∆x
, Ä K G+

i,j±1/2 = 0, 3 H � � �

XJ�6Ñ>.K G+
i±1/2,j =

(µφv)i±1/2,j

∆y
, Ä

K G+
i±1/2,j = 0. #�½5­�z�Y©�üÚ, X

J (µφ)t+∆t
i,j

< 0 , KÄkéei�:�Jb6\þ
?1�Ø

(µφ)t+∆t
i,j−1 = (µφ)t+∆t

i,j−1 + (µφ)t+∆t
i,j

∣∣Gt+
i,j−1/2/Gt+

ij

∣∣ (µφu)t
i,j−1/2 < 0,

(µφ)t+∆t
i,j+1 = (µφ)t+∆t

i,j+1 + (µφ)t+∆t
i,j

∣∣Gt+
i,j+1/2/Gt+

ij

∣∣ (µφu)t
i,j+1/2 > 0,

(µφ)t+∆t
i−1,j = (µφ)t+∆t

i−1,j + (µφ)t+∆t
i,j

∣∣Gt+
i−1/2,j/Gt+

ij

∣∣ (µφv)t
i−1/2,j < 0,

(µφ)t+∆t
i+1,j = (µφ)t+∆t

i+1,j + (µφ)t+∆t
i,j

∣∣Gt+
i+1/2,j/Gt+

ij

∣∣ (µφv)t
i+1/2,j > 0.

(14a)

1�Ú, �ØJb6Ñþ, -

(µφ)t+∆t
i,j = 0. (14b)

d u
∣∣Gt+

i,j−1/2

∣∣/∣∣Gt+
i,j

∣∣ +
∣∣Gt+

i,j+1/2

∣∣/∣∣Gt+
i,j

∣∣ +∣∣Gt+
i−1/2,j

∣∣/∣∣Gt+
i,j

∣∣ +
∣∣Gt+

i+1/2,j

∣∣/∣∣Gt+
i,j

∣∣ = 1, ¤ ±
� � È © « � 3 J b 6 \ ! 6 Ñ þ � Ø c
�

∑
ij(µφ)t+∆t ØC.

� WRF ¥æ^�­�z�YØÓ, #­�z
�Y´3 t + ∆t �m�é (µφ)t+∆t �ý�(J?
1­�, 
Ø´3 t �m�­�Ïþ�. æ^#­
�z�Y?1?��, duJb�6\þ��Ñ,

3 t + ∆t �m�����ei�:k�U¬C�
K�, ù`²T�:«���3Jb�6Ñþ, Ï
d�I|^ (14) ª­E?�õg��vkK��
�, ¢yo�þÅð.

±þïÄ
²6���½5­�z�{. éu
XÛ�Ä*Ñ�é�½5�K�, '�3uXÛ(
½*ÑÏþ. Ï~ò*Ñ�L«� k∇2µφ, Ù¥ k

�*ÑXê. n�°Ý� X ��Y²�©�f�

k
δ2(µφ)ij

δx2
= k

×
(µφ)i,j+1/2 − 2(µφ)ij + (µφ)ij−1/2

∆x2
. (14)

du*Ñ���o´dpßÝ«��$ßÝ«,

ò (14) ªCz�

k
δ2(µφ)ij

δx2
= k

(µφ)i,j−1/2 − (µφ)ij

∆x2

−k
(µφ)ij − (µφ)i,j+1/2

∆x2
. (15)

Ï d N ´ � � ü   N È « � (i, j) � À ! Ü
> . ü   ¡ È þ � * Ñ Ï þ © O � k[(µφ)ij

− (µφ)ij+1/2]/∆x Ú k[(µφ)ij−1/2 − (µφ)ij ]/∆x ü
�. Ón��H���ü ¡Èþ�*ÑÏþ.

ò (12) ª\\*Ñ�, ¿ò�.¡þ�²6�Ú*
Ñ�Ü¿��²6*Ñ�©�§:

∆(µφ)ij

∆t
=

[(µφu)i,j−1/2

∆x

+k
(µφ)ij−1/2 − (µφ)ij

∆x2

]
−

[(µφu)i,j+1/2

∆x

+k
(µφ)ij − (µφ)ij+1/2

∆x2

]
+

[(µφv)i−1/2,j

∆y

+k
(µφ)i−1/2,j − (µφ)ij

∆y2

]
−

[(µφv)i+1/2,j

∆y

+k
(µφ)ij − (µφ)i+1/2,j

∆y2

]
. (16)

d�§ (16) ª��, 3 ∆t �mÚ�S, 3o�>.
þÏþ���'�ØC. Ïd�|^�§ (14) Ó�
��{?1?�.

5 #�½5­�z�Yê�Á�

æ^:
²6*ÑÁ�5?1�y “#�½5

039204-4



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 3 (2012) 039204

­�z�Y” ��J. �¸º|æ^ WRF �ª�
Å��m�ý�º|, ý���� 72 h, Y²�å
� 15 km �, Ð©�m� 2011 c 3 � 22 F 20 :.

*ÑXê��~ê k = 297 m2/s, :
�å©ßÝ
� ρ0 = 10 g/m3, :
ü�Ç� Sρ = 10 g / m3 ·h−1,

È©�mÚ�� 50 s. �{üå�, �Á�Ø�y
·Ü' φ 
���y:
�ü�Ô�Ý ρ = µφ.

��²6*Ñ�©�§�
∂ρ

∂t
= −∂ρu

∂x
− ∂ρv

∂y
+ k

∂2ρ

∂x2
+ k

∂2ρ

∂y2
+ Sρ. (17)

æ^��©�f�
δρ

δt
= −(ρ̄xūx)x−(ρ̄y v̄y)y +kρxx+kρyy +Sρ, (18)

T�©�fØ=÷v�þÅð�7�^� (�g
Åð�5�)

∑
ij δρ/δt = 0, 
�²6�f�÷v

�gÅð5� [7]. Á�æ^n«�Y?1é': �
Y����Á��Y, Ã­�zL§, 3È©L§
¥éK�Ý (ρ < 0) Ø\?Û�åÚ��; �Y�
3ê�È©�z�Ú�, òK�Ýr�5�K, �
Ò´- ρ < 0 ��:��", T�{�¡�}�
{ (clipping), ´ WRF �ª¥?nKYð·Ü'�
æ^��Y��; �Ynæ^ “#�½5­�z�
Y” é ρ < 0 ��:?1?�.

ã 2(a) � WRF �ª 2011 c 3 � 22 F 20 �
éÄý�� 24 h /¡º|, º/þº���, :

¤3 �É Àº��, º�3 2 m/s �m. ã 2(b)

� 40 h �ý�|, d�úô�ÜÚô�!S �
®3e�íÜ� Üí6��e. ù´�g�r
e�íK�L§, 30 ◦N NC´eæ�í�®/�,

Ïdº��Cz��E,, ²{
d ÀºÅì=
� Üº�LÞ, 72 h �úô�É�r� �º�
� (ãÑ). n«�Y�:
ü�Ô�²6*ÑL§
�º��Cz�~ÎÜ.

ã 3(a) Ú ã 3(b) © O � � Y 1 È © 24 h

Ú 40 h ��(J, du�©�f (18) ª¿Øäk
�½5, Ïd3(J¥ÑyéõK�«�, ���
5¿�´3:
ü�Ôþº��k�X���!
K�m«�, 24 h Ú 40 h ý��K�����
� −3 g/m3 Ú −4 g/m3 ±þ. ¢Sþ, 3È©�1
�Úm©Ò3Ùþº�����:�)
K�, ù
�:ÏL (18) ªéN´�y. K�3È©L§¥Ø
ä�)ÚuÐ, du�©�ª÷v

∑
ij δρ/δt = 0,

¤ ± o � þ ÷ v
∑

ij ρt = ρ0 + tSρ, � d u �
3 K � þ, ¤ ± l Ô n ¿Â þ 5 ù o � þ ¿Ø
Åð. ã 4 �Ñ
�Y 1 ¥ü�Ô�!K�þ
� é Ø � � È © � m � u Ð C z, � ö � � �
�ÎÒ��, �O�×�, == 1 h È©�o�
þ�éØ�Ò�� 13.3%, 40 h ý��o�þ�
éØ�� 122%. dd��3È©L§¥K�þ
� Ñ y é ý � ( J � K � � �. � 
 � Ø K �
þK�, 3�Y 2 ¥z�ÚÈ©�ÑòK�þ
r � 5 � K, � , È © L § ¥ Ø É K � þ � K
�, �´lã 4 ¥�±�Ù/w�, �Y 2 �o
�þØ�O��Ý����u�Y 1. dã 3(c)

Úã 3(d) ��wÑ, �,:
ü�Ô�ÌN/�

ã 2 |^ WRF �ªl 2011 c 3 � 22 F 20 :éÄý
�� 24 h (a) Ú 40 h (b) /¡º|, (Ò�:
 �
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ã 3 æ^�Y 1 � 24 h ý� (a) Ú 40 h ý� (b), æ^�Y 2 � 24 h ý� (c) Ú 40 h ý� (d), æ^�Y 3 � 24 h ý� (e), 40 h

ý� (f) Ú 72 h ý� (g), ���m� 1 g/m3
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ã 4 n«�Y��þ�éØ� ¢���Y 1 ��o
�þ��éØ�, J���Y 1 �Ko�þ�éØ�; ¥
��Y 2 �o�þ�éØ�; © ��Y 3 �o�þ�é
Ø�

Úã 3(a) Úã 3(b) �~�q, �rÝÚ����
Nõ. �Y 2 �,3zÚÈ©�ÑòK�þ��
K, �¿vk�K��þ�Ø�, ¢Sþ»�
�
©�f�Åð5�, =

∑
ij δρ/δt 6= 0, ��o�þ

Ø�¯�O�. ã 3(e) Úã 3(f) �æ^�Y 3 È
© 24 h Ú 40 h ��(J, Úã 3(a)—(d) �', Ø�
vkK�Ñy, 
�o�þÅð, Ø��" (ã 4).

È© 72 h ý���þ�,Åð, ã 3(g).

6 ( Ø

�þÅð´ê��ª�©�ª¤7L÷v�
Ä�5�, �´du�©�ªg�¿Øäk�½5
á5, Ïd, �©�ª�,÷v

∑
ij

δρ

δt
= 0 á5,

�¿ØU;� “K�þ” ��), ��o�þØÅ
ð. �©lK�þ�)�Ôn¿ÂÑu, ïá
�
«#� “�½5­�z�Y”. ÏL:
²6*Ñ
Á�L², Øäk�½5��Y 1 3È©L§¥K
�þØä�)ÚuÐ, �o�þØ�O�×�. �
Y 2 �,éK�\±��, �du»�
�©�
ª�Åð5�, �o�þØ���u�Y 1. �©
JÑ� “#�½5­�z�Y”(�Y 3) 3 72 h È
©Á�¥Ø=�Ø
K�þ�¯K, Ó��±
o
�þ�Åð5. #�½5­�z�Y� Skamarock

3 WRF ¥æ^� “­�z�Y”[4,5] �', äkÔ
n¹Â�Ù!o�þÅð!¿�N´¢y�`:.

“#�½5­�z�Y” �Ø
K�þ, )û

�þÅð5�¯K, Uõ
�ªXÚØ�, éuJ
pê�ý��þ, cÙéJpüYý�ÚÀ/*Ñ
ý��þkX�~­��¿Â, ù´��ïÄ�8
�¤3.

[1] Xu D H, Zhu R 2000 Quart. J. Appl. Meteorol. 11 1 (in Chinese)

[M�°, ÁI 2000 A^í�Æ� 11 1]

[2] Bott A 1989 Mon. Wea. Rev. 117 1006

[3] Smolarkiewicz P K 1989 Mon. Wea. Rev. 117 2626

[4] Skamarock W C 2006 Mon. Wea. Rev. 134 2241

[5] Skamarock W C 2009 Mon. Wea. Rev. 137 488

[6] Huang S X, Cai Q F, Xiang J 2007 Acta Phys. Sin. 56 3022 (in

Chinese) [�gÔ, éÙu, �# 2007 ÔnÆ� 56 3022]

[7] Zhou Y, Hou Z M, Liu Y D 2003 Numerical Weather Prediction

Basis (Beijing: China Meteorological Press) p124 (in Chinese) [±
À, ÿ�², 4�& 2003 ê�Uíý�Ä: (�®: í�Ñ�
�) 1 127 �]

039204-7



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 3 (2012) 039204

Design and experiments of a new positive-definite
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Abstract

Total mass conservation is a basic property of advection-diffusion differential equation. Since the difference schemes is not

positive-definite, total mass is not conserved, caused by negative mass in numerical integration. Aiming at this problem, a new positive-

definite renormalization scheme is proposed based on the physical meaning of negative mass. Experiments of point-source advection-

diffusion show that the new renormalization scheme not only solves the positive-definite problem of advection-diffusion differential

equation, but also keeps the property of total mass conservation. Compared with the renormalization scheme in the WRF model, the

new positive-definite renormalization scheme has virtues of clear physical meaning and easier mannpulation.

Keywords: positive-definite, renormalization scheme, total mass conservation
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