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Abstract: Ten years NPP products of Mentougou District from 2003 to 2014 are

generated using CASA model and Landsat remote sensing data. It is used to show

the spatial distribution characteristic about Mentougou District’ NPP. Inter-annual

variability characteristic about Mentougou District’ annual amount NPP is analyzed using

MODIS17A3 products from 2003 to 2014. The intra-annual variability characteristic about

Mentougou District’ GPP was analyzed based on MODIS17A2 product in some typical

years (namely 2004, 2007, 2008, 2009, 2011, 2012). The results show that the NPP of
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Mentougou District has a significant spatial differentiation characteristic that the value of

NPP is low on median and it is high on other region. The NPP value is very low distributed

along the river valleys. The annual amount NPP has no significant increasing or decreasing

trend from 2005. GPP fluctuated significantly during the year. The differences in GPP /

NPP between May and September contributed the most to the differences in GPP / NPP

among different years.

Key words: NPP; CASA model; landsat; MODIS; EVI

0 Ú ó

3º/)�XÚ¥, ��Ð?)�å�)��oÐ?)�å (Gross Primary Productiv-

ity, GPP) Ú��ÀÐ?)�å (Net Primary Productivity, NPP). GPP �ÉÚ�Ô3ü �

mü ¡Èþd1Ü�^�)�kÅÔ�oþ, NPP � GPP ¥�Øg��á���{Ü

©[1-2]. GPP/NPP ��º/)�XÚ�'�ëê[3-4], 3ýÿ�5�í¥ CO2 ÚÙ¦§¿í

N¹þ!@£�í��)Ô���p�^��Æ¯KïÄþu�X��^, 3�¥%Ì

�L§¥�üX��Ú[5-7].

�X�¥íÿCzÚ)��¸�z, g 20 V 70 c�å, NPP ¤�IS)�ÆÚ/

Æ+��ïÄ9:��, IS	ÆöJÑ
õ« NPP ���.[8-11]. 3¯õ NPP ���.

¥, Carnegie Ames Stanford Approach(CASA) �aL§�.´Äu1U|^ÇÚ�aêâ

5�� NPP �L§�., 3�¥Ú«���NPP���ïÄ¥kX�©2��A^[12]. ~

X, ÂûÚXè[13]|^ CASA �a�.Ú�m©EÇ� 1 km � SPOT NDVI �aêâ�

�
¥IÜHidA/« 1999—2003 c��� NNP, �Ñ
T/«�� NPP ���Cz

A�; ÜQ��[14]|^ CASA �a�.Ú�m©EÇ� 8 km � GIMMS �aêâïÄ


1982—2009 c�õp�p»ú/ NPP ���©ÉA�; oD¥�[15]|^ CASA �a�.

Ú�m©EÇ� 1km � MODIS �aêâïÄ
 2006 cç9ô�Ü� NPP �G!5Cz

5Æ. éu�«�ºÝ� NPP ��ó, �m©EÇ� 1km ��aêâÏ�m©EÇ�$

ØUuy NPP 3«�[!þ�Cz; Landsat TM(Thematic Mapper) Ú OLI(Operational

Land Imager) êâ��m©EÇ� 30 m, k|uJp�«�ºÝ NPP ����m©Ù°Ý.

X+�Q�[16]Äu Landsat K�iÿ
ÉÇ½ÁG NPP 9Ù��Cz©Û; ¸ý��[17]©

Û
C 30 c'U²L«��ÀÐ?)�åéè/|^Cz�Ä��A; �`�[18]©Û
�

ô¢½�è/|^/C�Czé«�ÀÐ?)�å�K�.

,, 8c�ïÄÌ�|^üDaì�ü� NPP 5©Û«�)��¸. du MODIS ê

âÚ Landsat TM!OLI êâ�g3�m©EÇÚ�m©EÇ�¡�Øv, ��Äu MODIS

êâ)�� NPP �¬J±·^u NPP �m©Ù5Æ�©Û, Äu Landsat êâ)�

� NPP KJ±·^u NPP �mCzA��©Û. �éù�¯K, �ïÄJÑ
�«nÜ

MODIS Ú Landsat � NPP �¬?1�«� NPP ��CzA�©Û��{. �Þ�«´�

®½�)�º�«��, äk��)�õU, ïÄT«� NPP ��CzA�, ��µdT

«D��®�)��±YuÐXÚJø���)��I. �©±�Þ�«�ïÄ«, æ^

CASA �a�., Äu 30 m �m©EÇ� Landsat TM Ú OLI êâ)��Þ�« 2003—2014

czc¥,�U� NPP �¬, ^u©Û�Þ�« NPP ��m©ÙïÄ; Äu 2003—2014 c

MODIS17A3 �¬(c NPP oþ�¬)Ú MODIS17A2 �¬(8 UÜ¤� GPP �¬)mÐ�Þ�
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« NPP �cSCzÚ GPP cSCzA�ïÄ9°ÄÏ�©Û.

1 ïÄ«�êâ

1.1 ïÄ«V¹

� Þ � « ´ � ® ½ e ` � ½ ` «, / ? � ® Ü Ü ì «,   u À ² 115◦25′00′′ �

116◦10′07′′, �� 39◦48′34′′� 40◦10′37′′ �m. ÀÜ�� 62 km, H�°� 34 km, o¡È

1455 km2. �Þ�«/?u�²����p�LÞ/�, /³Ü�p, ÀH$, ì/¡ÈÓ�

Þ�«o¡È� 98.5%, ´�®½���Xì«, �´�®½ÜÜ��)��¸¶æ, äk

�©��)�¿Â.

1.2 êâ5�ý?n

�©À� 2003—2014 czc�ÏÃ�� Landsat êâ. êâÀ�5K´: �du 8 �°

��G¹�¯, �kÃ� Landsat êâ�c°�õ, ÄÀzc 8 �°�êâ; �XJ�cvk

8 �°�êâ, KÀJål 8 �°�m�á�êâ; �XJüÏêâål 8 �°�m�Ó, K

ÀJ��G¹�Ð�êâ. À�äNêâ�FÏ�L 1.

LLL 1 ÀÀÀ^̂̂ Landsat êêêâââ���¼¼¼���FFFÏÏÏ±±±999DDDaaaìììaaa...

Tab. 1 The date and the sensor type of Landsat data
SÒ K�¼�FÏ Daìa. SÒ K�¼�FÏ Daìa.

1 2003-05-24 TM 6 2008-09-10 TM

2 2004-06-11 TM 7 2009-08-12 TM

3 2005-06-30 TM 8 2010-08-15 TM

4 2006-06-17 TM 9 2013-08-23 OLI

5 2007-09-24 TM 10 2014-08-26 OLI

Landsat TM Ú OLI K�5g https://earthexplorer.usgs.gov/, ý?nÌ��)Ë�½I,

�í��!AÛ��!ÝK=�(=òK��©� UTM ÝK=¤ Albers �ÈÝK)!êâ©

�!à}�.

MODIS17A2/3 �¬5g https://earthexplorer.usgs.gov/, êâý?nÌ��)ÝK=

�(=òK��©ÝK=¤ Albers �ÈÝK)!êâ©�!à}!üD�. É��Uí^�(½

Ù¦Ï�)�K�, êâ�3É~�. ~X, É��ÒK�ñ	, NDVI �¬î $, ?K�

GPP �î $. éù
É~�íØ�, æ^�å���{?1W¿.

í�êâ�Â,í�*ÿÕ 2003—2014 c�*ÿêâ, �)c²þí§ÚcüYþ, ±9

éA Landsat K�¼�FÏ�F²þí§. Â,í�*ÿÕ u�Þ�ì«, *ÿêâA�Ø

É<�Ï��Z6, U
�L�Þ�ì«�íÿA�.

2 �{ÚEâ´�

2.1 GPP/NPP���{

Äu Landsat êâÚ1U|^Ç�nïá NPP ��.Xeúª¤ã[19]:

NPP = PAR × FPAR × e∗ × F (w) × F (T ) − Rα. (1)

Ù¥: PAR �1Ük�Ë�, ü � MJ/m2; FPAR ����é\�1Ük�Ë��áÂ©

þ, Ãü ; ε∗ ��1U|^Ç, ü � gC/MJ; F (w) �Y©é1U|^Ç�K�Ïf, Ãü ;

F (T ) �§Ýé1U|^Ç�K�Ïf, Ãü ; Rα ´��g��áþ, ü � gC/m2.
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2.2 ��'�ëê�a�ü

Uì1U|^Ç�., �â�Þ�«�¢SË�!í§!üY!���ê!��a.�¢

Sêâ�ü
 NPP �.��Ñ\ëê. �ëê�äNO��{Xe.

PAR ´Å� 400∼700 nm ��S��íáÂÚÑ���f�BL�í��/L���Ë

�, Ù�Ó\��/L���oË� (Rs, MJ/(m2
·d)) � 50% �m, ¤± PAR �L«�

PAR = Rs × 0.5, (2)

Rs = Ra × (as + bs × n/N), (3)

N = 24 × ωs/π. (4)

ª¥, n L«¢SFì�ê, �dí�Õêâ����. N L«��Fì�ê. as L«ÒU

(n = 0) ��í	.Ë���/¡�©þ, bs L«�U (n = N) ��í	.Ë���/¡�©

þ, Ù¥ as Ú bs ����±|^�.¤í��²�ëê, = as = 0.25, bs = 0.5. Ra ��íþ

.��Ë� (MJ/(m2
·d)), �d±eúªO���:

Ra =
24 × 60 × Gsc

π
× dr × (ωs sinφ sin δ + cosφ cos δ sin ωs), (5)

dr = 1 + 0.033 × cos(2πJ/365), (6)

δ = 0.409× sin(2πJ/365 − 1.39), (7)

ωs = arccos(− tan φ tan δ). (8)

ª¥, GSC ���~ê, � 0.082 MJ/(m2
·min), dr �F/�éål��ê, δ ���»�(lÝ),

ωs �Fá��(lÝ), φ �/n�Ý(lÝ), J �,�U3�c¥�üSê.

FAPAR ´Äu Enhanced Vegetation Index(EVI) ��5�§5��[19]:

FAPAR = EVI = 2.5 ×

( ρnir − ρred

ρnir + 6 × ρred − 7.5 × ρblue + 1

)

. (9)

ª¥, ρnir ´Cù	Åã�/L��Ç, ρred ´ùÅã�/L��Ç, ρblue ´7Åã�/L��

Ç.

Y©��Ïf F (w) �±L«�[20]:

F (w) = (1 + LSWI)/(1 + LSWImax), (10)

LSWI = (ρnir − ρswir)/(ρnir + ρswir). (11)

ª¥, LSWI �ºLY©�ê, LSWImax ´��3)�GS��� LSWI, ρnir!ρswir ©O�

Cù	ÚáÅù	Åã��Ç.

��. F (T ) U Raich �[21]ïá�º/)��.¥��{5O�:

F (T ) =
(T − Tmin) × (T − Tmax)

(T − Tmin) × (T − Tmax) − (T − Topt)2
. (12)

ª¥, T ��í§Ý, Tmin!Topt Ú Tmax ©O�1Ü�^��$!�·Ú�p§Ý. �Þ�«

± C4 �Ô�Ì, é C4 �Ô, ò Tmin Ú Tmax ©O½Â� 0◦C Ú 50◦C. b��Ô®²·A
Ù

¤)��§Ý�¸��¹e, �·§Ý�½Â�)�G��Ï²þ§Ý.

��1Ü|^ÇÄu BGC �.?1�[, Ð©z� MOD17 NPP �¬æ^���. éu

C4 �Ô5`, ��1Ü|^Ç ε∗ ���~ê 2.76 g·(MJ)−1.
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g��áþ (Rα) �Äu�Ô/þ)Ôþ (Above-ground Biomass, Bag, kg/ha) æ^�²

�úªO�[19,22]:

Rα =
(

0.53 ×

Bag

Bag + 50

)

× e( Tc−Ta

50
). (13)

ª¥, Tc ´�Ô1Ü�^�²þí§ (◦C), Ta ´¢ÿí§ (◦C), Bag �¢ÿ/þ)Ôþ (g/m2).

3 (J©Û

3.1 NPP��©É

3.1.1 NPP ��m©Ù

�âþ©��ü�{, �� 2003—2014 c�Þ�« NPP(30 m ©EÇ)�m©Ùã, Xã

1 ¤«. É Landsat êâ��, zc¦þÀJ 1 µgG(½�CgG)��þ�Ð�K�?1

NPP )�, Ù¥ 2011 cÚ 2012 c Landsat êâ"�. éã 1(a)—(j) Å��O�²þ�, ��

C 10 c�Þ�²þ NPP ��m©ÙA�, (JXã 1(k) ¤«.

(a) 2003-05-24 (b) 2004-06-11 (c) 2005-06-30

(d) 2006-06-17 (c) 2007-09-24 (f) 2008-09-10

(g) 2009-08-12 (h) 2010-08-15

(j) 2014-08-26 (k) Mean

＞16

12~16

8~12

4~8

＜4

(i) 2013-08-23

0 10 20 40

N

km

ã 1 �Þ�« Landsat NPP �m©Ù(ü  gC·m−2
·d−1)

Fig. 1 Spatial distribution of Landsat NPP in Mentougou region (unit gC·m−2
·d−1)

©Ûã 1, �Þ�« NPP 3�m©Ùþ��m©ÉA�wÍ, Ü�Üì«Ú�Ü9HÜÜ

©ì«ü ¡Èþ� NPP ��p, ¡ÈÓïÄ«o¡È� 7.15%; ÀÜ²�«þ� NPP ��
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$, ¡ÈÓïÄ«o¡È� 1.68%, Ì�´Ï�²�/«ï�^/õ, ��DÕ; ïÄ«¥Ü�ì

îà�/«, ����DÕ, ¡ÈÓïÄ«o¡È� 18.36%; Ù¦«�¡ÈÓïÄ«o¡È�

72.81%. Xã 1(k) ¥, Ü�Üì«Ú�Ü9HÜÜ©ì« NPP �3 12 gC·m−2
· d−1 ±þ, ÀÜ

²�« NPP � 4 gC·m−2
·d−1 ±e; ¥Üìîà�/« NPP �3 4∼8 gC·m−2

·d−1 �m; Ù¦

«� NPP �©Ù3 8∼12 gC·m−2
·d−1.

oNþ�Þ�« NPP 3�mþ¥yo±p!¥m$�©ÉA�, É//9<�Ï�K�,

4$�«Ì�÷à6�/9ÀÜà6Ñì�?©Ù, ¥y²��“Y”.A�.

3.1.2 NPP �cSCz

MOD17A3 �¬��cS NPP oþ�¬, ÚO�Þ�« 2003—2014 czc� NPP þ

�, (JXã 2 ¤«. âã 2 ©Û, �Þ�« 2004 c� NPP �� 2003—2014 c����, �

308 gC·m−2
·a−1. g 2005 c±5, oN¥y²�³, vk²w�O\½ü$ª³. �cSCz

��, 2008 cÚ 2012 c�üg¸�, 2010 c�$�. � 2005 c±5�þ� 184 gC·m−2
·a−1 

ó, 2008 cÚ 2012 c NPP �OÌ©O� 21% Ú 25%, 2010 c NPP �üÌ� 23%, Ù¦c°�

ÅÄÌÝ3 10% ±S. l±Ï��Ý©Û, NPP �¸�Ñy�±Ï� 4 c, ù�5Æ�S3�

Ïk�(ÜÙ¦�'êâ?�ÚïÄ.
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Fig. 2 Variation trend of NPP in Mentougou region from 2003 to 2014(MODIS17A3

production)

3.2 GPPcSCz

d 3.1 !©Û��, �Þ� 2004!2008 Ú 2012 c�c NPP pu{¤²þY², 2010 c

�c NPP �{¤�$Y², Ù{c°��~c. �ÅÀJ 2007 cÚ 2011 c���~c°�

�Lc. É MODIS GPP êâ?nJÝ�K�, �©�©Ûù 6 c�cS GPP CzA�(Ù¥

2004!2008 Ú 2012 c�L
 GPP �p�c°, 2010 c�L
 GPP �$�c°, 2007 Ú 2011

c�L
 GPP ��~c°), ±Ï©ÛØÓc° GPP �cSCzA�. GPP cSCzA�X

ã 3 ¤«.

2004!2008 Ú 2012 c GPP cSCz¥y��©Ù, Ù{ 3 c� GPP cSCz¥y �

©Ù. 1 1—121 UÚ 265—365 U��ÏS, ã 3 ¥ 6 �c° GPP �cSCzª³Ä���, 1

121—265 Uù��ÏS GPP ¥y���©ÉA�, Ly�4p!�p!�~!�$o«A�.
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Ïd, cS GPP ��ÉÌ�5ucS1 121—265 U�m� GPP �É.
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ã 3 �Þ�cSGPPCzª³ã

Fig. 3 GPP trend of Mentougou region

4 ?Ø�(Ø

�ïÄ|^ 30 m Landsat TM Ú OLI K��ü NPP �¬, ©Û
�Þ�« NPP ��m

CzA�, |^ MODIS GPP �mS��¬©Û
�Þ�«��mCzA�(cSCzÚcSC

zA�), �µ�T«�)��¸CzJø
êâÄ:. ¢�(JL²: ��Þ�« 2003—2014

c� NPP �3o±p!¥m$��m©ÉA�; �g 2005 c±5 NPP oN², vk²w�

O\½~�ª³; � 5—9 � GPP/NPP ��ÉéØÓc°m GPP/NPP �É��z��.

du"�p��©EÇ� NPP �¬, �ïÄ|^ 30 m Landsat NPP F�¬?1 NPP �

�m©ÙA�©Û, ¦^ MODIS NPP c�¬?1 NPP cSCz©Û, �c Landsat êâ��

��É¬é©Û(J�)Z6, æ^õ�aêâ��KÜ�.5¼�Ó�U�õc Landsat

NPP �¬´�5)ûT¯K��{��[23-24]. /L�¸ëê�a�ü°Ý¬K� NPP Ú

GPP ��ü°Ý, X���ê3�¡È�ê�u 3 �/«�3�Úy�, ùòO\ FPAR �ü

�Ø(½5.

�©�{�3±eØv: ��©©Û
 NPP ���CzA�, �du NPP ÉõÏ�K

�, ��Ï�m�pK�ÅnE,[19], �©vk?�Ú©Û NPP ��Cz�K�Ån, I�?

�Ú\r�'�¡�ïÄ; �du Landsat êâ�"�§�©æ^ MODIS GPP/NPP �¬?

1
�Þ�/«� GPP/NPP �mCzA�©Û, MODIS ��m©EÇ�$, Ù�Ü©��´

·Ü��, ù¬ü$ MODIS GPP/NPP �¬�°Ý.
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