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The relationship between wind direction and energy balance
at a cool-temperate deciduous broadleaf forest in a mountainous region
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Abstract: We investigated the relationship between wind direction and energy balance closure determined by the eddy covariance
method at a cool-temperate deciduous broadleaf forest dominated by Fagus crenata. Continuous flux measurements were
conducted from a tower on the summit (985 m a.s.l.) of Mt. Takahira in Nihon University Forest in the Minakami region of Tone,
Gunma Prefecture, Japan. Data were collected between January 1, 2017, and September 29, 2017. Additionally, we compared two
Bowen ratios for this time period: Srmp, the ratio of air temperature differences to vapor pressure differences; and feday, the ratio of
sensible heat flux (H) to latent heat flux (AE) determined by the eddy covariance method. The slope of the regression line
describing the relationship of eddy fluxes (H + AE) to available energy (closure ratio, CR) was dependent on wind direction. The
CR values for southwesterly and northerly winds were 1.24 and 0.84, respectively. H and AE were slightly greater for
southwesterly winds than for northerly winds. Sremp and Beasy were similar, with no significant difference in wind direction. These
results suggest that A and AE determined by the eddy covariance method were measured with relatively high accuracy at this site.
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Table 1 Closure ratio (CR; slope of the regression line of eddy
fluxes against available energy), intercept of linear
regression and its determination coefficient (R?)

Mcasur_cmcm Wind direction CR Interce_;zat R? Reference
period (Wm?)

2016.1/1~9/23 Al 1.18 25.69 0.74 &EF 5 (2017)
North 0.91 12.39 0.71
Southwest 1.35 49.58  0.80

2017.1/1~9/29 Al 1.09 10.42 0.76  This study
North 0.86 3.05 0.74
Southwest 1.24 16.53 0.80

All: wind directions from 0-360°; North: wind directions from
330-30° from the north; Southwest: wind directions from 195-255°
from the north
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Fig. 1 Time series of sensible heat flux (/) and latent heat
flux (AE).
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Fig.2 Time series of a) sensible heat flux (/) and b) latent
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Fig. 4 Time series of two Bowen ratios, Semp and Peday.
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Fig.5  Comparison of Sremp and Seday.

i a) North
6
51 %
o
. %%
< °
T °
£3] °.<>.
< °
2 &..2
° °
1{® [.)
[ ) o &a.
‘ B, 3 ° &92

4/5 425  5/15 6/4 6/24  7/14 8/3 823  9/12 1072

b) Southwest

000 O
[ 2

P

1{® %M&W!Ns"%

4/5 4/‘25 5/15 6/4 6/24 7/]4 8/23 9/12 102
— 6. EAROR—= /tt(/;’temp, ﬁed@)a)ﬁa@gﬂg
Fig. 6 Time series of Sremp and Seaay for a) wind directions

from 330-30° from the north and b) wind directions
from 195-255° from the north.

B— 51, Bemp & Pear DEZERT, KT OER, [\
ek L R ERBR) T E Z R L2 b D TH Y
BRI 11 A ERT, S & Pea DT —H X 111 T
A AR IR < 0 L, IR ERROMB X X 1.0267
THY, fHOBMRICE N THROCE VBN A b5,
Bremp & Peay \CEDIXDOX XA ONDN, WiEF & HITH
U — BN OBEREEH LIRS VS CHIEL TV b &5
Z26hb, KM—61%, K—4 LFEHEOLDOTH DD, Ji
BWTHAESTEL, IEFEICRELZLEDO%X— 6a) ,
FAPEFIANCBRE L2 b D %K — 6b) (12T, K—6a)k
LODYD Bromp & Beaw 1Z, JEANZ L DENTR ST, B
R—FH L7,

INLORREE LD &, RRBRHIZ IS\ CiitEE A
TROOLNT- HBEIOIEL, KRB R CHIE S
nNTnsEBEx6N5%,

5| H Sk

(1) E&EW - /NIUR - WAy - WA - EiaER -
TRISEDEAD « PTERFORE (2017) ILHEAR OO PR A VE BEME IR SE
BIRIZIS1T DBUNEA /8T RO, BRI
7% 68:193-196

(2) FOKEN, T. (2008) The energy balance clouser problem:
an overview. Ecol. Appl. 18: 1351-1367

(3) /NI - B HPARE - RBOPIHE - B R3S - H DAaH -
TR - RS - BN (2016) (RHTTESEIA5E
BIARIZI 1T DIRFRBIEIC L 5 7 T » 7 Akl B
HARMIITE 67 77-80

@) /NEEF 2 - TSR (2002 i —RAKICISIT 5 CO. -
BT T w7 ADFEEA. KL - KEIFRFR: 264-278
(5) SAIGUSA, N., YAMAMOTO, S. HIRATA, R,
OHTANI, Y. IDE, R, ASANUMA, J, GAMO, M.,
HIRANO, T., KONDO, H., KOSUGI, Y., LI, S. G., NAKAI,
Y., TAKAGI, K., TANI, M., WANG, H. (2008) Temporal
and spatial variations in the seasonal patterns of COz flux in
boreal, temperate, and tropical forests in East Asia. Agric. For.
Meteorol. 148: 700-713

(6) WILSON, K., ALLEN, G, FALGE, E., AUBINET, M.,
BALDOCCHI, D., BERBIGIER, P, BERNHOFER, C.,
CEULEMANS, R., DOLMAN, H., CHRIS, F,, GRELLE, A.,
IBROM, A., LAW, B. E., KOWALSKI, A., MEYERS, T,
MONCRIEFF, J, MONSON, R., OECHEL, W,
TENHUNEN, J., VALENTINIL, R., VERMA, S. (2002)
Energy balance closure at FLUXNET sites. Agric. For
Meteorol. 113:223-243




 
 
    
   HistoryItem_V1
   AddMaskingTape
        
     範囲: 現在のページ
     マスク座標:  横方向, 縦方向オフセット 49.74, 770.99 幅 67.24 高さ 22.11 ポイント
     マスク座標:  横方向, 縦方向オフセット 377.67, 777.44 幅 134.49 高さ 33.16 ポイント
     オリジナル: 左下
      

        
     1
     0
     BL
    
            
                
         Both
         2
         CurrentPage
         22
              

       CurrentAVDoc
          

     49.7413 770.9925 67.2429 22.1073 377.6654 777.4405 134.4857 33.1608 
      

        
     QITE_QuiteImposingPlus3
     QI+ 3.0j
     QI+ 3
     1
      

        
     1
     4
     1
     1
      

   1
  

 HistoryList_V1
 qi2base




 
 
    
   HistoryItem_V1
   AddMaskingTape
        
     範囲: 現在のページ
     マスク座標:  横方向, 縦方向オフセット 49.74, 770.99 幅 67.24 高さ 22.11 ポイント
     マスク座標:  横方向, 縦方向オフセット 377.67, 777.44 幅 134.49 高さ 33.16 ポイント
     オリジナル: 左下
      

        
     1
     0
     BL
            
                
         Both
         2
         CurrentPage
         22
              

       CurrentAVDoc
          

     49.7413 770.9925 67.2429 22.1073 377.6654 777.4405 134.4857 33.1608 
      

        
     QITE_QuiteImposingPlus3
     QI+ 3.0j
     QI+ 3
     1
      

        
     1
     4
     1
     1
      

   1
  

    
   HistoryItem_V1
   AddMaskingTape
        
     範囲: 現在のページ
     マスク座標:  横方向, 縦方向オフセット 400.69, 14.74 幅 135.41 高さ 35.00 ポイント
     オリジナル: 左下
      

        
     1
     0
     BL
    
            
                
         Both
         2
         CurrentPage
         22
              

       CurrentAVDoc
          

     400.6938 14.7406 135.4068 35.0031 
      

        
     QITE_QuiteImposingPlus3
     QI+ 3.0j
     QI+ 3
     1
      

        
     1
     4
     1
     1
      

   1
  

 HistoryList_V1
 qi2base



