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1. ����� (Introduction to Water Resources Engineering) 
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?�&�-�<� 
01 )*�+�,����)
9J� Mae Nam Salawin 17,920 - - - - 75.0 

02 )*�+�,��K(% 1 Mae Nam Khong 9,920 - - - - 37.0 
03 )*�+�,��/+�กก Mae Nam Kok 7,895 36.0 4.0 16.0 44.0 34.0 
06 )*�+�,��	L% Mae Nam Ping 33,898 36.0 2.0 14.0 48.0 49.0 

07 )*�+�,��9.% Mae Nam Wang 10,791 23.0 1.0 14.0 62.0 61.0 
08 )*�+�,��0+ Mae Nam Yom 23,616 18.0 1.0 13.0 68.0 33.0 

09 )*�+�,������ Mae Nam Nan 34,330 20.0 1.0 18.0 61.0 43.0 
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02 )*�+�,��K(% 2 Mae Nam Khong 47,502 - - - - 20.0 

04 )*�+�,��;
 Mae Nam Chi 49,477 10.0 1.0 3.0 86.0 14.0 
05 )*�+�,��+:) Mae Nam Mun 69,701 2.0 - - - 10.0 

?�&ก)�% 

10 )*�+�,���NI�=�
0� Mae Nam Chao 
Phraya 

20,125 1.5 0.1 0.5 98.0 1.5 

11 )*�+�,���
/กก�.% Mae Nam Sakae 
Krang 

5,190 9.0 0.1 7.0 84.0 28.0 

12 )*�+�,��	H��.ก Mae Nam Pasak 16,292 11.0 4.0 7.0 78.0 18.0 

13 )*�+�,�����N
� Mae Nam Thachin 13,682 5.5 0.0 1.3 93.0 16.0 
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15 )*�+�,��	��N
��*�
 Mae Nam Prachin Biri 10,481 - - - - 22.0 

16 )*�+�,����%	
ก% Mae Nam Bang 
Prakong 

7,978 - - - - 19.5 



17 )*�+�,��K8��)��� Thole Sap 4,150 - - - - 38.0 
18 )*�+�,��;�0OPQ%�
�) 
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9.���ก 

East-Coast Gulf 13,829 - - - - 12.5 

?�&8
9.�8ก 

14 )*�+�,��/+�ก)�% Mae Nam Mae Klong 30,837 38.0 0.30 14.0 47.7 53.0 
19 )*�+�,���=;��*�
 Mae Nam Petchaburi 5,603 43.0 0.04 6.0 50.96 41.0 

20 )*�+�,��;�0OPQ%�
�) 
8
9.�8ก 

West Coast Gulf 6,745 8.5 0.60 2.6 88.3 43.0 

?�&58I 

21 )*�+�,��?�&58IOPQ% 

8
9.���ก 

Peninsula-East coast 26,352 9.0 2.0 7.6 81.4 13.0 

22 )*�+�,��8�	R Mae Nam Tapi 12,225 11.0 1.6 8.0 79.4 24.0 

23 )*�+�,���
�)��� 
�%()� 

Thale sap Songkhla 8,495 12.0 2.3 9.0 76.7 9.0 

24 )*�+�,��	P88��
 Mae Nam Pattani 3,858 13.0 2.3 6.0 78.7 34.0 
25 )*�+�,��?�&58IOPQ% 

8
9.�8ก 

Peninsula-West coast 21,172 26.0 1.7 21.0 51.0 45.0 
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)*�+�,��+:) 
C5D0:E;10FC4@EG=2FD71G4=:CD1GH=GI1B4J?@:==ก3L82G3/:>= 08M>E:789C5D0:E;1N?07@EG<OE: 69,700 4N.ก0. 

(Q0DN?0 C5D0:E;1R8) 08M>E:789BN=TBC50 10 U@G/?@V QVWXกD T5N8N@02Y <5NO:7NY =5TCN1RA1:8 :BNN1R<801 
0/1<1NB10 2Z<AN H=:XกD: NW=23=[V \N8<J3ก] XCJ=;1:1U3UNO^  

C@ก]_JC5D0:E;1?1G4@?=2FD410X:?7O\4J?@:4ก ` 4J?@:==ก 4@EG=2FD NJ/?D1G3<W:N5WG789 14 =G\1 07 
COTV1 3/:>= abG3<W:N5WG789 16 =G\1 21 COTV1 3/:>= XCJ=2FDNJ/?D1G3<W:X?G789 101 =G\1 17 COTV1 4J?@:==ก 
abG3<W:X?G789 105 =G\1 38 COTV1 4J?@:==ก  

- 7O\3/:>=4OVก@TC5D0:E;1R8  
- 7O\c4W 4OVก@TC5D0:E;1T1GdJกG C5D0:E;1Z4:3C<1dXCJdNJ37\ก@0MFR1  
- 7O\4J?@:4ก4OVก@TC5D0:E;1de1<@ก  
- 7O\4J?@:==ก4OV ก@TX0D:E;1ZHG fb9G3dg:3H4XV:NJ/?D1GdNJ37\Q72XCJdNJ37\C1?  



71G4=:c4WH=GC5D0:E;10837>=ก3H13dg:X:?21? 4C=VX:? M>E:789UJBD=2 h C1V49;1CG0171G7O\3/:>= 
<D?:71G4J?@:==กTNO3?_U@G/?@V<5NO:7N  YXCJU@G/?@V \N8<J3ก]3dg:789N1T <I1MZV27@9?Qd3dg:789N1TC5D0
<C@T3:O:3H1 X4Dc:U@G/?@V=5TCN1RA1:8 UJ3dg:789N1TC5D0<C@TCFก BC>9:C=:C1VabGCFกBC>9:C=:R@: X0D:E;1<12
/C@กB>= X0D:E;10FC084W:ก;13:OV01U1ก37>=ก3H171G4=:c4WH=G U@G/?@V :BNN1R<801 กD=:UJQ/CCGX0D:E;1ZHG
789=;13I=ZHG3U820 U@G/?@V=5TCN1RA1:8  

C5D0:E;10FC08C;1:E;1<1H1789<;1B@̂ /C12 <12 QVWXกD  
- C;14JB=G 084W:ก;13:OVU1กTNO3?_37>=ก3H1VGM^132[:fb9G3dg:<@:di::E;1H=GC5D0:E;10FCXCJC5D0:E;1

:BN:12ก 71G4J?@:4กH=GC5D0:E;1 Q/C01TNNUTก@TX0D:E;10FC789TW1:?@G0FC =;13I=30>=G U@G/?@V:BNN1R<801  
- C;1MNJ3MCOG 084W:ก;13:OVU1กTNO3?_<@:di::E;1H=GC5D0:E;10FCXCJC5D0:E;1:BN:12ก Q/C01TNNUTก@T

X0D:E;10FC789=;13I=ZRBR@2 U@G/?@V:BNN1R<801  
- C;1dC1201\ 084W:ก;13:OVU1ก37>=ก3H1<@:ก;1XMGfb9Gก@E:3H4XV:Q72 ` ก@0MFR1 Q/C01 TNNUTก@T

X0D:E;10FC789=;13I=R50M?G U@G/?@V:BNN1R<801  
- C;1R8084W:ก;13:OVU1ก37>=ก3H1<@:ก;1XMG71G4=:c4Wc: U@G/?@VT5N8N@02Y Q/CCG01TNNUTก@TX0D:E;1

0FC789=;13I=7D14F0 U@G/?@V<5NO:7NY  
- C;1ZV0c/ D̂ 084W:ก;13:OVU1ก37>=ก3H1 M:0VGN@ก71G4=:c4WH=G=;13I=:E;132[: U@G/?@V=5TCN1RA1:8 

Q/C01TNNUTก@TX0D:E;10FC789=;13I=MOTFC0@G<1/1N U@G/?@V=5TCN1RA1:8  
- ?@GZV0:W=2 084W:ก;13:OVU1ก37>=ก3H1ก@E:3H4XV:Q72 ` ก@0MFR1 Q/C01TNNUTก@TX0D:E;1 0FC789

=;13I=ZHG3U820 U@G/?@V=5TCN1RA1:8  
- C;13fT12 084W:ก;13:OV01U1ก37>=ก3H1IFM1: Q/CQdTNNUTก@TX0D:E;1 0FCกD=:abG=;13I=30>=G 

U@G/?@V=5TCN1RA1:8  
- C;13<82? 084W:ก;13:OVU1ก789N1T<FGTNO3?_<@:di::E;1NJ/?D1GC5D0:E;1R  8XCJC5D0:E;10FC 08C;1:E;1<1H1 B>= 

C;1341  
- C;13<82?c/ D̂ C;13<82?:W=2 Q/C01TNNUTก@:3dg:C;13<82?c/ D̂ XCW?Q/C 01N?0ก@T/W?2กj1ก?j1ก3dg:

C;13<82? CGX0D:E;10FC789=;13I=N1]8Q\C U@G/?@V\N8<J3ก]  
:=กU1ก:@E:2@G08C;13R82GQกN C;1<JX7V C;13fTก fb9G01N?0ก@TX0D:E;10FC71GkilGfW12 XCJ2@G08/W?27@T

7@: /W?2<;1N1^ /W?2HJ25G fb9GQ/C01N?0ก@TX0D:E;10FC71GkilGH?1XCJC;1:E;1<1H1<123C[ก h =8ก/C12<12  



U1กก1NXTDGM>E:789C5D0:E;10FC3dg:C5D0:E;12D=2V@G7893<:=c:N12G1: "014Nn1:C5D0:E;1XCJC5D0:E;1<1H1" QVW
XTDGM>E:789C5D0:E;10FC3dg: 31 C5D0:E;12D=2 V@G:8E  

 

�-.�)*�+�,��0��0 ;<��)*�+�,��0��0 =<,��
��.��,�� (8�.ก+.) 

05.02 C;1:E;10FC4=:T: 2,811 

05.03 C;1XfJ 1,197 

05.04 C;1MNJ3MCOG 2,277 

05.05 C;14JB=G 3,536 

05.06 C;13ROGQกN 2,617 

05.07 C;1U@กN1R 1,642 

05.08 C;1:1GN=G 1,343 

05.09 C;1dJ3782 681 

05.10 C;1dC1201\ 3,987 

05.11 C;1:E;10FC<D?:789 2 4,036 

05.12 /W?23=ก 1,167 

05.13 C;1<JX7V 2,496 

05.14 C;1M@GRF 1,170 

05.15 /W?241BG 1,537 

05.16 C;1R8 4,682 

05.17 C;1MC@T3MC1 1,100 

05.18 C;1341 874 

05.19 C;13<82?:W=2 751 

05.20 C;13<82?c/ D̂ 2,756 

05.21 /W?27@T7@: 3,488 

05.22 C;1:E;10FC<D?:789 3 2,787 

05.23 /W?2<;1N1^ 3,397 

05.24 /W?271 1,497 



05.25 /W?2H25G 1,866 

05.26 /W?2ZMG 939 

05.27 C;13fT12 3,016 

05.28 C;13fT12 3,430 

05.29 C;1ZV0c/ D̂ 4,698 

05.30 C;1:E;10FC4=:CD1G 1,037 

05.31 /W?245GC5G 852 

05.32 C;1ZV0:W=2 2,032 
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9.SN.ก��,�� (Hydrologic Cycle) 
?GUN=57ก?O7213dg:\F:2YN?0c:ก1N\bก]171G=57ก?O721 ZV2?GUN=57ก?O7213dg:?GUN789Q0D08U5V3NO904W:

XCJQ0D08U5V<5V7W12H=GกNJT?:ก1N3dC892:XdCGH=GdNO01_:E;1c:ZCก 3MN1J08ก1N3dC892:XdCG=2D1G
4D=3:>9=G4C=V3?C1 3NO904W:?GUNUJ3/[:QVW?D1 :E;1UJ08ก1NNJ3/2 (evaporation) U1ก7J3C 0/1<057NXCJ789
<J<0=2FDT:XpD:VO: 3RD: =D1G3ก[T:E;1 /W?2 /:=G BC=G TbG /N>=U1ก:E;1c4WpO?VO:T1G<D?:HbE:<FDTNN212ก1\
3dg:Q=:E;1 (water vapor) fb9GUJ08ก1NC=24@?HbE:Qd<J<0U:กNJ7@9G3กOVกNJT?:ก1N3VO0=8ก ZV2UJ08:E;1
T1G<D?:aFกV@ก (interception) U1กM>R XCJ08:E;1T1G<D?:4กCGT:pO?VO:XCW?3กOVก1N<J<03กOVก1NQ/CT: 
XpD:VO: (overland flow) X4Dก[08T1G<D?:NJ3/2XCJT1G<D?:3กOVก1NB12:E;1 (transpiration) กC@T<FDTNN21ก1\ 
H_J3V82?ก@:UJ08:E;1 T1G<D?:3กOVก1Nfb0 (infiltration) CG3dg:ก1NQ/Cc4WpO?VO: (subsurface flow) fb9GUJ08
X:?71GQ/Cfb0<FDX0D:E;1C;1BC=G3RD:3V82?ก@T :E;17D1pO?VO: (surface runoff) XCJ08:E;1T1G<D?:08ก1Nfb0CbกCG
Qd (percolation) NJ/?D1GRD=G?D1GH=G30[VVO:/N>=N=2/O:X4กCG Qd3dg::E;1c4WVO: (groundwater) fb9GaW1:E;1c4W
VO:Q/Cfb03HW1<FDC;1:E;1UJ3N82กC;1:E;1:@E:?D1 C;1:E;1c/W (influent stream) :=กU1ก:8E2@G08C;1:E;1T1GX/DG7893dg:7@EGC;1
:E;1N@T XCJC;1:E;1c/W fb9G7W12789<5VXCW? :E;1c4WVO:0@กUJ08X:?ก1NQ/Cfb0==ก<FDX/CDG:E;1 /N>=7J3C0/1<057N 
XCW?3กOVก1NNJ3/2กC@T<FDTNN212ก1\/05:3?82:=2D1G4D=3:>9=G3dg:?GUN=57ก?O721 

NJTT?GUN=57ก?O721 <101NaXTDGQVW3dg: 3 NJTT2D=2 B>= NJTT:E;1c:TNN21ก1\ (asmospheric 
water system) dNJก=TVW?2กNJT?:ก1N7893กOVU1ก:E;1U1ก=1ก1\ก1NNJ3/2 (evaporation) ก1NV@ก 
(interception) XCJก1NB12:E;1 (transpiration) NJTT:E;1pO?VO: (surface water system) dNJก=TVW?2 
กNJT?:ก1N7893กOVU1กก1NQ/CT:pO?VO: (overland flow) :E;17D1pO?VO: (surface runoff) ก1NQ/C==กH=G:E;1



c4WpO?VO: XCJ:E;1c4WVO: (subsurface and groundwater outflow) ก1NQ/Cc:X0D:E;1 XCJ :E;1c:7J3C0/1<057N 
NJTT:E;1c4WpO?VO: (subsurface water system) dNJก=TVW?2 กNJT?:ก1Nfb0 (infiltration) ก1N3MO90:E;1c4W VO: 
(groundwater recharge) ก1NQ/Cc4WpO?VO: XCJก1NQ/CH=G:E;1c4WVO:  

:=กU1ก:8E<101NaกCD1??D1 ?@rU@กN:E;1 B>=ก1N3BC>9=:2W12H=G:E;1 U1ก789/:b9GQd2@G=8ก789/:b9G /N>=U1ก
NJTT/:b9GQd2@G=8กNJTT/:b9G ZV2=1U3dC892:<a1:J (H=GXH[G H=G3/C?XCJกj1f) /N>=Q0D3dC892:<a1:Jก[
QVW fb9Gc:789<5Vก[UJ/05:3?82:กC@T01<FD7893VO0 /N>=NJTT3VO0 

?@rU@กN:E;1789<0TFN_Y789<5V ZV23NO90U1ก30s (cloud) -> k: (precipitation) -> ก1NV@ก (interception) -> 
ก1N4กpD1: (through fall) -> ก1NQ/CTD1 (overland flow)-> ก1NQ/Cc:C;1:E;1 (stream flow) -> ก1NX7Nกfb0 
(infiltration) -> ก1Nfb0Cbก (percolation) -> ก1Nfb0==ก (exfiltration) -> ก1NB12NJ3/2 (evaporation) -> 
30s (cloud) V@GX<VGc:NFd789 1  
 

 
 

NFd789 1 ?@rU@กN:E;1 
(78901 http://hydromet.tmd.go.th/hydro_knowledges_detail.php?id=1 ) 

 
?@rU@กN:E;1dNJก=TVW?2 2 <D?: B>= <D?:กNJT?:ก1N (process) XCJ<D?:ก1N3ก[Tก@ก (storage)  
<D?:กNJT?:ก1N B>= ก1N3BC>9=:2W12H=G:E;1U1กก1N3ก[Tก@ก/:b9GQd2@Gก1N3ก[Tก@ก=8ก=@:/:b9G 3RD: k: 

กCD1?B>=กNJT?:ก1N ก1N3BC>9=:2W12H=G:E;1U1กTNN21ก1\ (ก1N3ก[Tก@ก789 1) <FDpO?VO: (ก1N3ก[Tก@ก789 2) /N>=
ก1NX7Nกfb0 (infiltration) B>=กNJT?:ก1N 3BC>9=:2W12H=G:E;1U1กpO?VO: (ก1N3ก[Tก@ก789 1) <FDR@E:c4WpO?VO: 
(ก1N3ก[Tก@ก789 2) 



3?C1V;1NG=2FDH=G:E;1 (time of residence) B>= RD?G3?C13LC892789=:5I1BH=G:E;1X4DCJ=:5I1BV;1NG=2FDc: 
storage 7893N1ก;1C@GMOU1N_1 3RD:3?C1V;1NG=2FDH=G:E;1c:TNN21ก1\ (time of residence for atmospheric water) 
B>= RD?G3?C13LC892H=G=:5I1B:E;14@EGX4DNJ3/2 กC123dg:Q=:E;1 U:กNJ7@9GกC123dg:k:4กCG<FDM>E:VO: 

ก1N7N1TBD1RD?G3?C1V;1NG=2FDH=G:E;1 RD?2c:ก1NXกWdi^/14D1Gh VW1:X/CDG:E;1XCJ<O9GX?VCW=0 =17O
3RD: ก1NXกWdi^/1:E;13:D13<82 c:X/CDG:E;14D1Gh 3N14W=Gก1N7N1T3?C1V;1NG=2FDH=G:E;1c:X/CDG:E;1:@E:h 3M>9=
ก1NB;1:?_NJ2J3?C1ก1Nz{|:zFX/CDG:E;1V@GกCD1?/N>= ก1NXกWdi^/1:E;17D?0 3N14W=G7N1T3?C1V;1NG=2FDH=G:E;1
c:TNO3?_:E;17D?0 3M>9=ก1NB;1:?_NJ2J3?C1ก1NRD?23/C>= 
 

&9�+;<,�5����0�ก�6 (Atmospheric Moisture) 
B?10R>E:75กR:OV7890:5]2Y3ก892?HW=G=2FDZV271GdrOT@4O <@::O]n1:?D13NO904W:01U1กB?10R>E:c:

TNN21ก1\ 7893dg:U5V3NO904W: 789UJ<JV?กc:ก1N410/13<W:71G?@rU@กNH=G:E;1c/WBNT?GUN B?10R>E:c:
TNN21ก1\ 3MN1JกNJT?:ก1NNJ3/2U1กVO:/N>=pO?VO: 30sXCJ/0=ก3กOVHbE:ZV2ก1NกC@9:4@?H=GQ=:E;1789
3ก1J4@? T:=_F3C[ก h c:TNN21ก1\ 3RD: =:5I1B H=G3กC>=/N>=k5e: 
 

�,��N�ก��ก�6 (Precipitation)  
30>9=Q=:E;1c:=1ก1\aFกB?1032[:7;1c/W3กOVก1NกC@9:4@?กC123dg:/2V:E;13C[ก h 30>9=N?04@?ก@:U:08

H:1Vc/ D̂ M?ก0@: ก[UJ4กCG01c:NFdH=G "k:" aW130[Vk::@E:4กpD1:Zf: 4D1G h H=G=5_/IF0O 3RD: 
=5_/IF0O78949;1ก?D1U5V32>=กXH[G ก[UJกC123dg:CFก3/[T aW1ก1NกC@9:4@?:@E:3กOVHbE:c:789fb9G=5_/IF0O49;1ก?D1U5V32>=ก
XH[G0@:ก[UJกD=4@?3dg:/O0J aW1ก1NกC@9:4@?H=G:E;13กOVHbE:ZV24NGT:pO?M>E:78932[:ก?D1=1ก1\ ก[UJ3กOV3dg:QVW
7@EG:E;1BW1GXH[G HbE:=2FDก@T?D1 =5_/IF0OH=GM>E:pO?:@E:<FG /N>=49;1ก?D1U5V32>=กXH[G 
 

�,��N�ก��ก�6 �
�7+�72I8ก_`%=<,�2J�  
T1G<D?:H=G:E;1U1ก=1ก1\UJNJ3/2Qdc:NJ/?D1G7894กCG01 T1G<D?:ก[aFกVFV2bVQ?WZV2 4W:M>R XCJ

UJNJ3/2HbE:<FD TNN21ก1\c:I12/C@G กNJT?:ก1NV@GกCD1?:8E3N82ก?D1 กNJT?:ก1N:E;1M>R2bV (Interception) 
fb9Gc:<D?::8E=1UUJ3dg:dNO01_:E;1U1ก=1ก1\7@EG/0Vก[QVW 

 
�,��N�ก��ก�6�
�8ก)%_`%=<,� (Net Precipitation) 
<D?:H=G:E;17894กCGabGM>E: UJ08T1G<D?:Q/Cfb0CG<FDM>E:VO: <D?:/:b9GQ/CQdT:M>E:VO: XCJ

T1G<D?:NJ3/2Qd/N>=aFก M>RB12กC@TB>:<FDTNN21ก1\ 
 
ก��b`+)%2J� (Infiltration)  



k:/N>=/O0J789CJC12c:4=:XNก08X:?Z:W0789UJ34O0B?10R>E:c/Wก@TpO?VO:กD=: U1ก:@E:ก[UJ3BC>9=:
3HW1<FDRD=G?D1G78908=2FDc:3:>E=VO: กNJT?:ก1N:8E3N82ก?D1ก1Nfb0:E;1pD1:pO?VO: (Infiltration) <@V<D?:4D1G h H=G
:E;1ก[UJaFกU@Vก1N4D1Gก@:Qd 410C@ก]_JRD=G3d~VH=GpO?VO: =5_/IF0O N?0abGdNO01_:E;178908=2FDc:VO:กD=:/:W1
:@E:XCW? aW1/1กpO?VO:U@T4@?XH[G /N>==O90:E;1=2FDกD=:XCW? 0@:ก[UJN@T:E;1c/0D3HW1Qd3MO90QVW3M82G3C[ก:W=2:E;1
7@EG/0Vก[UJaFกVFVfb0 T1G<D?:UJQ/Cfb0CGQd 3dg:<D?:H=G:E;1c4WVO: T1G<D?:aFกM>RVFVQdcRWdNJZ2R:Y
XCW?B12NJ3/2 B>:<FDTNN21ก1\ T1G<D?:aFกT@GB@Tc/WNJ3/2 QdVW?2 XNG2bV3/:892? (Capillary) H=GRD=G?D1G
c:VO: c:IF0OdNJ37\78908B?10C1V37 XCJR@E:pO?VO:T1G<D?: :E;1789aFกVFVfb0 =1UQ/C2W=:<FDpO?VO:QVW ZV2ก1N
3BC>9=:789QdHW1G/:W1 3N82ก?D1:E;1Q/Cc4WpO?VO: (Sub-surface runoff) 

 
ก��7-)(�%�,����dJ92J� (Surface Runoff) 
30>9=:E;1k:7894กCG010801ก3กO:ก?D1UJQ/Cfb0CGc:VO:QVW/0V ก[UJกC123dg::E;1TD1 /:W1VO:/N>=

:E;17D1 30>9=0@:Q/C Qd34O0M>E:pO?7893dg:X=DGC5D049;1U:34[0XCW? 0@:ก[UJQ/CQdT:pO?VO:4D=Qd U:QdTNNUTก@T
NJTTND=G:E;1c:789<5V XCW?ก[Q/C410 3<W:71GH=GC;1:E;1 U:กNJ7@9GCG<FD0/1<057N /N>=X/CDG:E;1 c:XpD:VO:
T1GX/DGc:NJ/?D1G71G:8E0@:ก[UJ<F^3<82QdVW?2ก1NNJ3/2 <FDTNN21ก1\ XCJก1NQ/Cfb0CG410H=G4CO9GXCJ
7W=G:E;1 fb9Gc:<D?::8E=1UUJ3dg:QdQVW 4@EGX4D 0 QdU:abG 100 % H=GU;1:?:7@EG/0V 
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H:1Vc/ D̂ c:XpD:VO: X/CDG:E;1T:VO:=>9: h 3RD: X0D:E;1 C;1BC=G /:=GTbG <D?:7894กCGc:0/1<057N30>9=
N?0ก@T:E;17D1789Q/CกC@TB>:01 UJ7;1c/W3กOVB?10<0V5CH=G:E;17890@9:BGXCJX<VG/C@กn1:ZV2NJV@T:E;17J3C
BG789:E;1/C12<D?:ก[NJ3/2U1กpO?:E;1 กC@T<FDTNN21ก1\XCJกC123dg:<D?:/:b9GH=GB?10R>E:c:TNN21ก1\c:
7J3C XCJM>E:7894=:3/:>=H=G3H4=T=5D: ก1NNJ3/2U1ก:E;1XCJU1กpO?VO:08B?10a89:W=2ก?D1:E;1U1ก=1ก1\ X4D
?D1<D?:3กO:H=G0@:ก[UJQ/CกC@TB>:<FD0/1<057N 7890@:NJ3/2==ก013RD:3VO0 c:3H4=>9: h :@E: ก1NNJ3/2U1ก
pO?:E;10@กUJ37D1ก@T/N>=01กก?D1:E;1U1ก=1ก1\7894กCGT:X/CDG:E;1:@E: 



 
ก��&�0�,��(�%=<; (Transpiration) 
/:W1789M>E:n1:=2D1G/:b9Gc:กNJT?:ก1NV;13:O:R8?O4H=GM>R ก[B>=ก1N:;13=1:E;1U1กc:VO:pD1:3HW101

71GNJTTN1ก cRWdNJZ2R:Yc:ก1N<NW1GB?103UNO^34OTZ4XCJก1NV;1NGR8M :E;1UJaFกdCD=2B>:<FDTNN21ก1\ 
71GNFMN5: 789d1กcTc:NFdH=GQ=:E;1กNJT?:ก1NB>:B?10R>E:H=GVO:c/WXกDTNN21ก1\:8E3N82ก?D1 ก1NB12:E;1 
(transpiration) dNO01_H=G/2V:E;1U1ก=1ก1\789กC@TB>:<FD TNN21ก1\:8EUJ01ก:W=24D1Gก@:Qd410C@ก]_J
H=GM>R XCJB?10R>E:78908=2FDTNO3?_NJTTN1กH=G 
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<D?:H=G/21V:E;1z�1789Q/Cfb0pD1:pO?VO:CGQd aW1Q0DaFกVFVf@T3=1Q?W7VX7:B?10R>E: 789H1VQdH=G

R@E:VO: /N>=ZV2R@E:/O:78908NFMN5: :E;1U;1:?::8Eก[UJfb0CbกCGQdU:abGNJV@T=O904@?=2D1G<0TFN_Y 3N82ก?D1 NJV@T
:E;1c4WVO: (ground water table) B?10C1V3=82GXCJZBNG<NW1G789U;1ก@VH=T3H4H=G:E;1c4WVO: =1URD?2d�=Gก@:
Q0Dc/W0@:aFกdCD=2==ก01=2D1G7@:787@:cV/N>=T1GBN@EGX/CDG:E;1c4WVO: =1U08<D?:7893R>9=04D=ก@T7W=GX0D:E;1 7;1
c/W08T1G<D?:H=G:E;1Q/CB>:<FDX/CDG:E;1T:VO:=8กBN@EG :E;1c4WVO:=1UUJQ/CpD1:Qdc:R@E:/O:78908NFMN5:XCJCG
QdabGNJV@T789aFกT8TCW=0VW?2VO:789X:D:ก?D1กC123dg:aFก=@VVW?2XNGV@: aW1TD=3U1JCGQdabGNJV@T:8Eก[=1U3dg:
TD=:E;1T1V1C3RD:ก@: c:R@E:7808B?10กVV@:3V82?ก@::8E =1U08<D?:4OV4D=ก@TTNO3?_7W=G0/1<057NXCJdCD=2
:E;1==ก<FD7J3C V@G:@E:U1กB?10R>E:c:TNN21ก1\ V@G789=AOT12abGก1N3NO904W:H=G?@rU@กNก[UJV;13:O:Qd410
?Oa871G78908B?1021?:1: XCJB?10<C@Tf@TfW=:4D1G h ก@:QdกD=:7890@:TNNUTBNT?GUN 
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In hydrological cycle, water is always in movement and the hydrological cycle is described by the 
continuous movement of water on, above and below the Earth's surface.  There is no beginning or end in 
the hydrological cycle because it is truly a cycle.  Water is evaporated from the land and ocean by the 
latent heat and the water vapor rises.  Thereafter, it condenses into clouds and they will be rain.  The rain 
hits the ground and part runs off, part infiltrates into the ground, and part evaporates back up into the sky.  
The water from soil will be taken by the plants and vegetation and the water will be released into the air 
through transpiration.  Other parts of the ground water enter streams and flows onto the surface.  
Eventually, the surface water that runs off in streams, towards the ocean, will be evaporated and continued 
the cycle.  To concern the amount of water in the hydrological cycle, the concept of the water budget is 
considered [8], [9].  

The water balance concerns the amount of water entering a system (through rainfall and river and 
groundwater flows) and the amount leaving a system (through evaporation, plant transpiration and river 
and groundwater flows) as presented in Figure 2.  

The water balance may be expressed as following equation  

 ( ) ( ) SQQETQQP ssosossisi ∆=++−++  



where P  is rainfall (MCM), siQ  is surface inflow (MCM), ssiQ  is subsurface inflow (MCM), ET  is 
evapotranspiration (MCM), soQ  is surface outflow (MCM), ssoQ  is subsurface outflow (MCM), and S∆  
is change in storage within the domain that consists of change in surface water, subsurface water and 
percolation. 

For this study, the domain of interest at each site represents a sub-basin that consists of agricultural, 
municipal, industrial and forest uses of water.  The size of each sub-basin is sufficient to analyze 
separately from the entire basin in which it is located.  The time period of interest is from January to 
December in 2002. 
 
 
 
 
 
 
 
 
 
 

Figure 2  The components of water balance concept 
 
To compute water balance in eight sub-basins, Ping, Wang, Yom, Nan, Sakae Krang, and Pasak sub-

basin were thought as the upper sub-basin because they are included no surface inflow at the apex of their 
sub-basins.  Water balance in Wang sub-basin was firstly computed to determine subsurface outflows and 
the change in storage for each month.  The subsurface and surface outflows of this sub-basin were side 
flow entering Ping sub-basin.  Water balance in Ping sub-basin was then calculated to concern subsurface 
outflows and the change in storage.  Thereafter, the water balance in Yom, Nan, Sakae Krang, and Pasak 
sub-basin were also calculated to obtain subsurface outflows and the change in storage for each sub-basin.  
Finally, subsurface and surface outflows from Ping, Yom, Nan, Sakae Krang, and Pasak sub-basin were 
inflow entering Chao Phraya sub-basin.  For surface inflow entering Tha Chin sub-basin, water was 
diverted from Chao Phraya sub-basin.  Since it�s difficult to separate subsurface inflow between Tha Chin 
and Chao Phraya sub-basin, water balance of these two sub-basins was calculated together.  Then, surface 
outflow and the change in storage of two sub-basins were results. 

In the upper watersheds, the surface inflow ( siQ ) and the subsurface inflow ( )ssiQ  equals to zero.  
The rainfall was derived from meteorological data and TRMM (3B42 V6) image while the actual 
evapotranspiration was derived from MODIS satellite imagery, as well as from meteorological data.  This 
actual evapotranspiration was for non-irrigated, irrigated and forest area.  However, it can be presented the 
evaporation from reservoirs and bare soil.  The surface outflow ( soQ ) was obtained from existing stream 
gauging records that are consisted of P17, W4A, Y17, N10A, CT8, and S2 station for Ping, Wang, Yom, 
Nan, Sakae Krang, and Pasak sub-basin, respectively.  For surface outflow of Chao Phraya and Tha Chin 
sub-basin, Molle (2001) said that, to control the intrusion of saline water, minimum flows for the Chao 
Phraya and Tha Chin Rivers are respectively 50 and 35 m3/s.  Also, the main difficulty is that the 
discharge of the Chao Phraya and Tha Chin Rivers at its mouth cannot be easily measured because of the 
effect of tidal.  Then, minimum flows (50 and 35 m3/s) are used in this study.  The subsurface outflows 
( ssoQ ) and the change in storage ( )S∆  were derive by the concept of trial and error under the condition 
assumed that annual change in storage for each sub-basin equal to zero because storage value recovers 
close to zero at the beginning of each year.  Since the subsurface water and the change in storage are 

Percolation 

Rainfall: P 

Evapotranspiration: ET 

Reservoirs 

Evaporation 

Surface Inflow: Qsi  
Surface Outflow: Qso  

Surface Storage 

Subsurface Outflow: Qsso  
Subsurface Inflow: Qssi  

Subsurface Storage 



results of this computation, it�s important to validate the significance level of these results using the 
statistical significance. 
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(Chapter 11 Integrated Resources Planning 789QVWaD123=ก<1Nc/W) 
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