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テーマ１　生物地球化学観測結果 
13:05　本プロジェクトのハイライト（炭素循環過程の定量化ほか）　本多牧生（JAMSTEC） 
13:30　植物プランクトンと一次生産　松本和彦（JAMSTEC） 
13:55　動物プランクトンの物質循環への役割　喜多村稔（JAMSTEC） 
14:20　微生物の物質循環への役割　内宮万里央（国立極地研）・永田俊（東大大気海洋研） 
  
テーマ２　海洋物理・気象場と生物地球化学 
14:45　西部北太平洋の海洋物理場・気象場とクロロフィルの長期変動　Eko Siswanto（JAMSTEC） 
15:10　INBOX研究（中規模渦と生物地球化学）　井上龍一郎（JAMSTEC） 
15:35　海面高度とクロロフィル分布解析　纐纈慎也（JAMSTEC） 
  
- 16:00　休憩（10分）- 
  
テーマ３　数値モデルによる観測結果の再現・評価 
16:10　植物プランクトン現存量と基礎生産力の季節変動　笹井義一（JAMSTEC） 
16:35　窒素循環の季節変動（新生産、再生産）　吉川知里（JAMSTEC） 
  
テーマ４　気候変動に伴う西部北太平洋の生態系と物質循環の変動 
17:00　海洋酸性化の季節変動と石灰質動物プランクトンの応答　木元克典（JAMSTEC） 
17:25　海洋環境変動に伴う生態系を介した物質循環過程の変動　橋岡豪人（JAMSTEC） 
  
17:50　総括 



(Buesseler,	  2007)	  

西部北太平洋亜寒帯域の生態系を介した 
物質循環過程（生物ポンプ） 



西部北太平洋亜寒帯域の生物ポンプ能力・効率は高い 

2005-2006  
VERTIGO 
(K2-ALOHA) 

2001-2008  
JPAC 

 (WHOI-MIO project） 

1997-2001  
JGOFS NPPS 

 (KNOT project） 



(Buesseler, 2007) 生物ポンプ 温暖化、低塩分化、成層化、酸性化 
海面擾乱、大気塵供給量変化 

地球環境変化によ
る海洋の変化 

基礎生産力 

輸出生産力／率 

捕食圧 

季節的鉛直移動 

細菌生産速度 

排泄速度 優占種 

バラスト 

沈降速度 

鉛直変化率 

TEP 

DOC 

炭酸塩溶解躍層 

機能的生物多様性 



南北定点での観測 

○異なる生態系構造 
○同じ外部入力に対し
て異なる生態系の応答 
○異なるフィードバッ
クのメカニズム 

(courtesy of Chiba)	



K2 (47N/160E) 

S1 (30N/145E) 

亜寒帯循環域定点K2と亜熱帯循環域定点S1における 
学際的比較研究 

船舶、係留系、衛星による時系列観測と数値シミュレーション 



　K2                                                 S1!

Temp!
K2：1 ~ 12!
S1: 18 ~ 28!

CO2!
K2：Sink !
S1: Sink!

MLD!
K2：20〜120 
S1: 20〜150!

↓	  ~	  24	  
(	  mgC/m2/day)	

↓	  ~	  47	  
(	  mgC/m2/day)	



　K2                                                 S1!
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(chlorophytes) 
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セジメントトラップによる沈降粒子時系列観測 
K2 500m S1 500m 

26%	 64%	

 6%	55%	



迅速な鉛直輸送(S1) 
（POPPSとセジメントトラップデータ） 
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(Honda et al., in preparation)	

(Fujiki et al., in preparation)	
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(a) POPPS bouy: 6 day snapshots
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(b): 1-D Mellor-Yamada L2.5 coupled 

with N3P1Z1D2 model
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with NPZD model. But H-resolution and 

simulation year are diffrent.

数値シミュレーションによる季節変動の再現 

(Sasai et al, in preparation)	

(Fujiki et al., in preparation)	
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NPP!
K2：~ 309!
S1: ~ 369!

K2	 S1	

   K2: Light + Fe  	    S1: Nutrients	

        NPP vs PAR      	      Fe fertilization 	         NPP vs Nitracline            	

基礎生産力と制限因子 

(Fujiki et al., accepted to L & O, Matsumoto et al. in preparation)	



Meso-scale eddy and increase of sub-surface oxygen around S1 observed by ARGO float (Inoue et al. submitted to JMR)	

14	/ 15	

Mode　water 
　　　eddy	

Cyclonic  
eddy	

S1	

栄養塩供給メカニズムの解明：中規模渦 



K2	  uptake	  ra3o	  (%)	  0-‐150m	  
(PP:	  408.0mgC/m2/day)	  

S1	  uptake	  ra3o	  (%)	  0-‐200m	  
(PP:155.9mgC/m2/day)	  

(Supply of NO3 from subsurface) K2 / S1 > 5 / 1 
(Reproduction) K2: 49%, S1: 75%	

NO3	  	  
uptake	  

（mixing）	

NO3	  	  
uptake	  

（recycled）	

NH4	  	  
uptake	  

20 
(13%)	

120	  
（49%）	  

113	  
（28%）	  

95	  
（23%）	  

19 
(12%)	

116 mgC/m2/day 
(75%)	

NO3	  	  
uptake	  

（mixing）	

NO3	  	  
uptake	  

（recycled）	

NH4	  	  
uptake	  

Obs. PP (0.1%)  
Model PP 

NH4 uptake 
NO3 uptake 

S1	K2	

(Yoshikawa et al, in preparation)	

栄養塩供給メカニズム：新生産と再生産 
（数値シミュレーション結果） 
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(2) High primary productivity at S1 �  
Integrated primary productivity (PP) at S1 was estimated to be 330±30mg m-2 day-1 and 

higher than that observed previously in summer and comparable to that in early spring (Fig. 3). 
Why is PP relatively high in summer when nutrients are little or depleted? Based on vertical 
profile of NO3, relatively higher NO3 was observed only near surface (Fig. 4).  High nutrient 
near surface was also observed during last summer cruise (MR12-02: see MR12-02 
Preliminary cruise report). It might be attributed to atmospheric input. On the other hand, 
nitrogen-fixing cyanobacteria that lives in a symbiotic relationship with diatom was detected at 
S1 (Photo 1). Nitrogen-fixation is another possibility to supply N 
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Fig.3 Seasonal variability of primary productivity. Black circle is observed value this cruise. 

Fig.4 Vertical profile of NO3 at S1  Photo 1� Cyanobacteria that lives in a symbiotic relationship 
with diatom 
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Fig.4 Vertical profile of NO3 at S1  Photo 1� Cyanobacteria that lives in a symbiotic relationship 
with diatom 
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S１における表層栄養塩の増加（エアロゾルによる？！） 

Seasonal variability of primary productivity. Red circle is observed value in MR13-04 cruise.	

Vertical distribution of NO3 at S1	



陸起源物質の迅速な海洋輸送 

福島原発事故一ヶ月後の放射性セシウム 
の水平分布（MR11-03で観測） 

福島原発事故一ヶ月後の汚染塵の拡散・沈着状況 
（数値シミュレーション結果） 

(a)�

(d)�

(c)�

(b)�

(Honda et al., 2013) 
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炭素循環像の構築 
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炭素循環像の構築 
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pH : -0.005/yr (~200m)	

Calcite: -3m/yr 

pH :  -0.001/yr	

OA （Winter Mixed layer） 

xCO2 : Sea 1.3 ppm/yr 

xCO2 : Air 2.1 ppm/yr 

OA（100-300m） 
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xCO2 : Air 2.0 ppm/yr 

xCO2 : Sea 1.7 ppm/yr 

pH :  -0.002/yr	

OA （mixed layer：1~3月） 

Calcite: -9m/yr 

Aragonite: -7m/yr 

pH : -0.004/yr (~300m)	

OA（300-1000m） 
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K2	 S1	

(Wakita et al., 2011, 2013)	

炭酸系の長期変動（pCO2増加、pH低下、CaCO3飽和深度低下）�

酸性化の影響:	  
K2の方がS1よりも大きい	  
飽和深度が浅く、冬季混合層直下まで
及んでいるが、S1はまだ余裕がある。
ただし、酸性化の進行速度は、

Anthropogenicがより多く蓄積し、	  
アルカリポンプの効果（TAの増加）が	  
無いため、S1の方が速い	
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Figure 3 
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(Siswanto, in preparation)	

SUMARRY
The WNPO Chl seasonal cycle changes meridionally, and basically can be
divided into nutrient-limited (south) and light-limited (north) domains. The
spatial/meridional extent of the two domains, separated by transition area, also
changes seasonally. Fall shows the most ideal spatial separation of nutrient-
and light-limited domains, whereas winter shows light-limitation almost along
the meridional section. The WNPO Chl also shows meridionally different
response to climatic anomalies. During PDO and ENSO cold phases, Chl
around K2 (subarctic) tends to increase, but at mid-latitude of 36-41oN and
around S1 (subtropic) tend to decrease. Wind speed (by modulating MLD)
seems to be predominant atmospheric forcing factor governing Chl variation
in the WNPO in response to climatic anomalies.
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Seasonal and interannual factors controlling satellite-
derived chlorophyll-a in the western North Pacific Ocean

Eko Siswanto, Kosei Sasaoka, Makio C. Honda, Toshiro Saino
Research Institute for Global Change (RIGC), Japan Agency for Marine-Earth Science and Technology (JAMSTEC)

INTRODUCTION
Phytoplankton biomass (Chl) in the western North

Pacific Ocean (WNPO) is coupled to environmental
variables (e.g., Limsakul et al., 2002). However,
predominant factors controlling Chl variation in different
seasons, and how the Chl and environmental factor
associations change meridionally are still poorly
understood. In addition, spatial/meridional response of Chl
to climatic anomalies (e.g., PDO, ENSO), and the relevant
forcing factors are less documented. Here, from the space,
the WNPO is revisited particularly the region along the K2
and S1 line (see red line in FIG 1) to assess the
predominant factors controlling Chl seasonal and
interannual variations.

METHODOLOGY
The 16-year (Sep 1997 – June 2013) satellite-derived Chl,
wind speed (WS), aerosol optical thickness (AOT),
photosyntethically available radiation (PAR), sea surface
temperature (SST), surface nitrate (SSN), and re-analyzed
mixed layer depth (MLD) were used. The DINEOF-based
interpolation (Alvera-Azcarate et al., 2007) was applied to fill
the cloudy pixels before regressing Chl against other
environmental variables to understand the explanatory
variables for the Chl seasonal cycle. The Chl and other
environmental variable anomalies were regressed to PDO
index and Nino3.4 SST anomaly to assess the probable impacts
of PDO and ENSO events on the Chl interannual variation
along the K2-S1 line and its adjacent area.

 Chl seasonal cycle changes meridionally, highest (lowest) in March
(August) at S1, but in September (February) at K2 (FIGS 2, 3). Area
around 42.5oN (FIGS 2, 4a) shows a transitional area between those two
typical Chl seasonal cycles. Seasonal cycles of other variables are
meridionally similar but with different magnitude.

 Winter (FIG 4b): as SSN is not a limiting factor, along the K2-S1 line
(30~40oN), PAR (surprisingly AOT) is important factor controlling Chl.

 Spring (FIG 4c): From S1 northward to 37.5oN, +R for Chl-MLD and Chl-
SSN, and –R for Chl-SST indicate SSN as limiting factor for Chl.

 Summer (FIG 4d): -R for Chl-SST, Chl-PAR, and +R for Chl-MLD
indicate the importance of vertical nutrient flux in controlling Chl
variation south of 42.5oN to S1.

 Fall (FIG 4e): transition area exists at 37.5-40oN. North of 42.5oN, -R for
Chl-MLD, +R for Chl-PAR indicate light limitation. South of 35oN, +R for
Chl-MLD, –R for Chl-PAR and Chl-SST indicate nutrient limitation.

 Interannual Chl variation is more pronounced at K2 than at S1. Chl at K2
are high especially in the years 2008 and 2010, but in general low within
the period from 2001 to 2005 (see interannual discussion below).

Interannual variation of Chl and controlling factors

PDO vs. variables NINO vs. variables

FIG 1. Region of study
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FIG 4. Meridional variations of R between Chl and
environmental variables. Bold line indicates R with p<0.05.
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FIG 6. Meridional variation of R between PDO index, 
Nino3.4 SST anomaly and environmental variables.  
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FIG 2. Time series of Chl and environmental variables. 
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FIG 5. Time series anomalies of Chl and environmental 
variables. PDO index and Nino3.4 SST anomalies are 
plotted as indicative of climatic variability.
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Time series of variable anomalies

 Interannual Chl variation at K2 is larger than that at S1 (FIG 5).
 At K2, high Chl period is observed from 1998 to 2000, low Chl period

from 2002 to 2005, and again high Chl period from 2007 to 2010.
 The high Chl periods at K2 are associated with PDO and ENSO cold

phases, low Chl period is associated PDO and ENSO warm phases.
 Wind speed (mediated by MLD) seems to be the main atmospheric forcing

factor governing Chl variation in response to PDO and ENSO events.
 Increasing Chl during PDO and ENSO cold phases also occurs from K2

southward to around 43oN (FIGS 6 and 7), but from latitudes 36 to 41oN,
Chl tends to decrease during PDO and ENSO cold phases. From 35oN
southward to S1, there is no clear response to PDO and ENSO events.
Around S1 however, Chl seems to increase during PDO and ENSO warm
phases, and seems to be caused by deepening MLD due to increasing WS.
This indicates meridionally different response of Chl to climatic anomalies.
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衛星データ解析による海洋生態系の時空間変動解明 
1997-2013におけるクロロフィルと海洋物理場・気象場のトレンド解析と関係 
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沈降粒子中陸起源物質の増加傾向 
（エアロゾルの増加？！） 

(Siswanto et al., in preparation)	

(Honda et al., in preparation)	Aerosol Optical Thickness  
(AOT)	



沈降粒子の長期変動 
- 秋季・冬季に見られるOpal / CaCO3 比の低下傾向 - 

(Honda	  et	  al.,	  in	  prepara3on)	
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気候変動・海洋変動による海洋生態系・物質循環変動予測（モデル結果）	

地球温暖化による海洋成層化に伴
う	  
○春季ブルーム時期の変化（左図）	  
（多くの場所で早期化）	  
○植物プランクトン量（右図	  
（場所によっては20	  -‐	  40%増加）	  
(Hashioka	  et	  al.,	  GRL,	  2009)	  

海水温上昇による基礎生産力と	  
分解速度の変化	  
（これまでのモデルでは分解速度
がより大きくなり、輸出生産率が低
下するとされていたが、新しいモデ
ルではも増加するが、基礎生産力
はより増加するので輸出生産率は
不変（Smith,	  JGR,	  2012）	  (courtesy of Chiba)	



K２S１データベース構築 
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