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The Nan River Basin is one of the basins that has experienced both water shortage and
flooding problems. Precipitation in the Nan Basin during a dry year became insufficient for
summer rice in some years. Water shortage has occurred in many irrigation projects even
though there is a large reservoir, the Sirikit Dam, to store water for use during a dry season. As a
result, the agricultural production has decreased and farmers have increasingly pumped
groundwater some years causing groundwater overdrafts. In addition to water shortage
problems, the Nan Basin has suffered from flooding during a wet year receiving water from both
the Nan and Yom Rivers.

Climate change is another factor that directly affected the hydrological conditions of the
Nan Basin. Precipitation changes in the upper area of the reservoir result in changes in the
inflow into the reservoir and affect reservoir operations, which differ from the practices in the
past. Moreover, there is a need to consider more complicated water demand structure based
on socio-economic returns.

Regarding the problems mentioned above, there is a need to better understand the
water shortage, flooding problems, direction of flood, conjunctive use of surface and
groundwater, reservoir operation rules, and participatory water management planning to
strategically and effectively manage water resources in both short and long terms.

The purpose of this project is to study the changes on water resources in the Nan Basin,
inflow to the Sirikit Dam, flooding, water use and supply, impacts of the Nan Basin on water use
in the central region, water resources potential (surface and groundwater), under land use
change and climate change. The results from the first year study are as follows:

(1) River runoff, Reservoir operation and impacts on water deficit, flooding and
groundwater use in the Nan Basin

The land use change and the precipitation change from historical data were the
important factors for the change of river runoff in the Nan basin. These caused the increase of

runoff in wet season, which caused more floods, and they caused decreased runoff in dry



season, which caused more water shortage in this area. The change and the impact are

summarized as follows:

The land use change: it was found that the forest areas mostly change to
agricultural area and the forest area had been decreased at a rate of 2 % per year.

The Upper Part of the Nan basin ranked the first in deforested area.

The precipitation change: the study showed that the 30-years average annual
precipitation was 1,187 mm. The average annual precipitation in the near future
(year 2015-2039) was found be slightly decreasing to 1,171 mm/year while in the far
future(year 2075-2099), it was found to be increasing to 1,292 mm/year.

Change in reservoir operations: From the analysis of water supply of the Bhumibhol
and Sirikit dams and reservoir operation rules, considering water allocation to the
Phitsanulok irrigation projection, it was found that the water allocation was not
sufficient for water demand in this area. The inflow to the Sirikit dam has a
decreasing trend under climate change condition and consequently the reservoir

storage will decrease.

The average water shortage in the study area was 318 MCM/year. The ratio of
water shortage between dry season and wet season was 95:5 . Under climate
change condition, most of the areas tend to suffer from water shortage in dry
season increasingly, specifically in the upper part of the Nan Basin (Samun and
Nam Haeng Sub-basins), the middle part of the Nan Basin (Khlong Tron and Pat
Sub-basins) and the lower part of the Nan Basin (Khlong Chompu sub-basin and 4
Large scale Irrigation Projects: Naresuan Dam, Phlai Chumphon, Dong Setthi and
Tha Bua Irrigation Projects)

The early rain, causing shift in season, and the increase in runoff from land use
change impacted on flooding in the Nan Basin. Flooding occurred in the upper part
of Nan Basin: the second part of Nan Sub Basin and the third part of Nan Sub Basin

(some area of Mueang Nan Municipality and Amphoe Wiang Sa), the middle part of



Nan Basin: Pat Sub Basin, The fourth part of Nan Subbasin and the lower part of
Nan Basin.

® |mpacts on groundwater use: the study showed that the groundwater potential in
the Nan Basin is 1982 million cubic meters per year. For the conjunctive use of
surface and groundwater, it was found that in the irrigated areas the proportion of
surface water use is 50% and groundwater use is 19%. For the rainfed areas, the
proportion of surface water use is 97% and groundwater use is 3%. The proportion
of the municipal water use is 66% and 34% from surface and groundwater

respectively.

(2) The Role of Nan Basin on water supply of the Central Plain

The 30-years average annual of inflow and release of the Sirikiti Dam were 12,780 MCM and
5,358 MCM, respectively. The inflow to Nakhonsawan Province, which is the inlet to the Central
Plain, was 11,440 MCM. The water management simulation results from MIKE BASIN Model,
showed that the Nan Basin accounts for 40.5% of flow in the Central Plain and both Nan and
Yom basins account for 51.3%. The Sirikit Dam accounts for 24.6% of flow in to the Central

Plain.

(3) Important issues in the strategic water management of the Upper Part of Nan

Basin, the Middle Part of Nan Basin and the Lower Part of Nan Basin

The Upper Part of Nan Basin (Nan Province): The strategic issues are the decreased runoff due
to the deforested areas in the upper Nan, War, Yao Sub Basin and the Third part of Nan Sub
basin),flash flood, and the water shortage for agriculture in dry season, especially in Samun

and Haeng Subbasin.

The middle part of Nan Basin (Uttaradit Province): The strategic issues are flood and flash flood

(in Pad Subbasin and the fourth Part of Nan Sub Basin) and the water shortage for agriculture in

dry season, especially in Khlong Tron Subbasin and Pat Subbasin.



The Lower Part of Nan Basin (Pichit Province and Phitsanulok Province): The strategic issues
are reservoir operation of Sirikit Dam for water demand in the irrigated area, scheme for water

management in wet season (flood management), retention area and flood warning, etc.

(4) Recommendations

The recommendations from the study on the impacts of changes in the Nan River Basin for the
strategic water management are as follows:
® The Upper Part of Nan Basin:
- Study of the relationship between hydrology and land use pattern of the Upper
Part of Nan Basin (the upper reach of the Sirikit Dam)
- Emergency flood warning system
® The Middle Part of Nan Basin:
- Water management, flood warning system and flash flood warning system
® The Lower Part of Nan Basin:
- Reservoir operations of the Sirikit Dam with adaptation to climate change
- Conjunctive water use management
- Water management during rainy season, flood mitigation, flood warning system,

water storage facility and retention basin
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n.A. 109.19 142.81 30.79 30.81 | -78.43 31.56 77.9
n.N. 80.03 116.58 45.67 96.69 -17.06 94.59 -18.87
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Tugnefeeiay 9.24 — 35.07 Weuiul wa. 2538 — 2551 dauluggiu (WqeANDIRAIAN)  HNIs
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aunansU ATl it uisadntes Taed Slope Winiu 10.23 T e Funni
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q.el. 341.13 362.84 6.36 393.97 8.58 434.00 19.61
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51el 4818.32 6065.44 25.88 5994.62 -1.17 6436.87 6.12
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A9I99 3-7 ANNULANANNTD9ERINT Iagega TuiTaqiuuarauARTEIANE N.1 8.1583 2.1

ANSINTT LUK, ALLN. AU STAUNN, 359N, %AMNUANAINDAFING LU %AMNUANFINTEAL
Tr P N F P N r N-P F-P N-P N-P
1.03 406.5 4135 453.9 197.2 197.3 197.4 1.7% 1.7% 0.015% 0.095%
2 1070.0 1057.9 1063.5 198.9 198.9 198.9 -1.1% -0.6% -0.010% -0.005%
5 1531.5 1489.6 1416.1 199.5 199.4 199.4 -2.7% -8.1% -0.024% -0.067%
10 18371 1772.5 1637.3 199.8 199.7 199.6 -3.5% -12.2% -0.031% -0.099%
25 2223.2 2131.6 1923.9 200.1 200.1 199.9 -4.1% -15.6% -0.036% -0.124%
50 2509.6 2402.0 2153.6 200.3 200.3 200.1 -4.3% -16.5% -0.038% -0.131%
100 2793.9 2661.2 23421 200.5 200.4 200.2 -4.8% -19.3% -0.042% -0.152%
AN91971 3-8 ANHNUANANNTB9ERIINTT InagegaluilaiiuuazauAmrasaniil N.2B 8.11089 A.909561
ARSINNT LUK, ALLN.AUT STAUWN, 30.59N. %AMNNUANAIND RTINS LUA %AMHLANFAINTEAL
Tr P N F P N F N-P F-P N-P F-P
1.03 255.0 259.4 284.7 53.0 53.1 53.4 1.7% 1.7% 0.105% 0.676%
2 985.8 974.7 979.8 57.6 57.5 57.6 -1.1% -0.6% -0.069% -0.038%
5 1494.2 1453.2 1381.6 59.1 59.0 58.8 -2.7% -8.1% -0.169% -0.477%
10 1830.7 1766.3 1631.7 3-21 1.8 59.7 59.4 -3.5% -12.2% -0.218% -0.700%
25 2256.0 2163.0 1952.¢ 1.6 60.4 60.0 -4.1% -15.6% -0.256% -0.878%
50 2571.5 2461.2 2206.7 61.1 60.9 60.5 -4.3% -16.5% -0.267% -0.929%
100 2884.6 2747.6 2418.2 61.5 61.3 60.8 -4.8% -19.3% -0.297% -1.070%




Tc¢-€

A15197 3-9 ANUANFNTaIaRIINIT IMagegalullaqiiuiareuAnaesant N.5A 8.1589 4. unlan

ANSINTT LUK, ALLN. AU szAUY, NN, %ANNUANANDATINS LUA %AMNUANFINTEAL

Tr P N F P N F N-P F-P N-P F-P
1.03 4443 452.0 496.2 38.7 38.8 39.2 1.7% 11.7% 0.191% 1.233%
2 940.2 929.6 934.4 421 42.0 42.0 -1.1% -0.6% -0.126% -0.068%
5 1285.1 1249.9 1188.2 435 434 43.2 -2.7% -8.1% -0.308% -0.866%

10 1513.4 1460.2 1348.9 44.3 44.2 43.8 -3.5% -12.2% -0.397% -1.270%

25 1802.0 1727.7 1559.4 45.2 45.0 44.5 -4.1% -15.6% -0.466% -1.592%

50 2016.0 1929.5 1730.0 45.8 45.6 45.0 -4.3% -16.5% -0.486% -1.684%
100 2228.5 2122.6 1868.1 46.3 46.0 45.4 -4.8% -19.3% -0.539% -1.939%

AN597 3-10 ALLANANNTRsERINIT InagegalutiaqiiuiazeaulAnteasnnil N.7A a.1ilaq 4. Rans
ARTINTT LUK, ALY AU sEAULN, 15NN, %ANNUANAND RTINS IUA %AMNUANFAINTE AL
Tr P N F P N F N-P F-P N-P F-P
1.03 5471 556.5 610.9 32.1 32.1 32.6 1.7% 11.7% 0.243% 1.570%

2 1018.6 1007.1 10124 35.0 35.0 35.0 -1.1% -0.6% -0.160% -0.087%

5 1346.6 1309.7 12451 36.4 36.3 36.0 2.7% -8.1% -0.391% -1.099%
10 1563.7 1508.7 1393.7 37.2 37.0 36.6 -3.5% -12.2% -0.504% -1.611%
25 1838.1 1762.4 1590.6 38.0 37.8 37.3 -4.1% -15.6% -0.592% -2.020%
50 2041.7 1954 .1 1752.0 38.6 384 37.8 -4.3% -16.5% -0.617% -2.136%

100 2243.7 21371 1880.9 39.1 38.9 38.2 -4.8% -19.3% -0.685% -2.458%
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2194 PANA 'q'wiﬂ i @iufmﬂm’aua‘w 'q'miﬂﬁq e A3AR duﬁmwumuﬂ‘w Q’N'Enﬂw q‘wfﬂw ﬂ_‘uﬁiwmutm‘:w ol @ upsaassd Q‘mﬁﬁmmnw
sz |umm| v [onw| S || dwin {won] i [umn] b [ o | s [umn] dwin [omn| dein | oo | dwin | i T
MCM % MCM % MCM % MCM % MCM % MCM % MCM % MCM % MCM % MCM % MCM
2520 7,238.3] 0.319]1,173.5| 0.052 897.2| 0.040] 9,309.0f 0.411] 5869.6] 0259 2,721.9 0.120] 8,591.5| 0.379] 4,659.3] 0.206| 13,250.8| 0.584 111.2 0.005) 22,671.0
2521| 5,161.6| 0.204|1,637.2| 0.065| 2,802.2| 0.111 9,601.0| 0.380] 4,544.1| 0.180( 9,233.3 0.366) 13,777.4| 0.546| 932.3| 0.037]14,709.7] 0.583 936.3 0.037] 25,247.0
2522 6,709.2| 0.352| 577.5| 0.030] 1,358.3] 0.071 8,645.0| 0.454] 5593.9| 0.294( 1,785.3 0.094| 7,379.2| 0.387] 26223 0.138] 10,001.5| 0.525| 407.5 0.021 19,054.0
2523] 2,729.7| 0.113[1,007.1] 0.042| 6987.9| 0.288| 10,724.7| 0.442| 3,656.0| 0.151 6,808.4 0.281] 10464.4| 0.432] 2,473.0] 0.102] 12937.4] 0.534 580.9 0.024] 24,243.0
2524 4990.6] 0.201|1,327.0| 0.053| 4,595.3| 0.185| 10,9129 0.439| 7,210.0/ 0.290| 3,747.9| 0.151] 10,9579 0.441] 2,396.1| 0.096| 13,354.0| 0.537| 605.2 0.024] 24,872.0
2525 6,111.9] 0.268| 431.1| 0.019] 4,558.0/ 0.200f 11,101.0] 0.486| 5531.2] 0.242| 2,769.1 0.121 8,300.4] 0.363] 3,239.9( 0.142] 11,540.3] 0.505 197.7 0.009 22,839.0
2526 3,995.5| 0.167| 750.6| 0.031| 6,543.1 0.274 11,289.1| 0.473| 4,506.7| 0.189| 3,573.9| 0.150] 8,080.6| 0.338] 3,608.4| 0.151| 11,688.9| 0.490| 899.0 0.038] 23,877.0
2527 42424| 0.171] 5426| 0.022| 6,692.3] 0.270| 11,477.3| 0.464| 6,169.8] 0.249| 2,424.8| 0.098| 855945 0.347| 4,436.4| 0.179]13,030.9| 0.527| 236.8 0.010] 24,745.0
2528 3,505.0] 0.135| 8429| 0.033] 7,317.5| 0.283| 11,665.4| 0.451| 4,4342| 0.171| 5,983.3| 0.231] 10,417.5| 0.402] 3,547.6] 0.137| 13,965.0| 0.539 257.6 0.010] 25,888.0
2529] 5,973.8| 0.293| 607.6] 0.030| 5272.1| 0.258| 11,853.5| 0.581| 6,332.1] 0.310[ 1,416.7 0.069| 7,748.8] 0.380 628.6| 0.031| 8377.4] 0.410 185.1 0.009 20,416.0]
2530] 4,901.3| 0.237| 985.0] 0.048| 6,155.3| 0.298| 12,041.6| 0.583| 3,799.4| 0.184 2,246.5 0.109] 6,045.9| 0.293] 2,117.6]/ 0.103| 8,163.5| 0.395| 4419 0.021 20,647.0
2531| 4,0304| 0.216]1,370.4| 0.074| 6,829.0| 0.366| 12,229.8| 0.656| 2,638.6| 0.142| 2,957.2 0.159| 5,595.8| 0.300] 498.3| 0.027| 6,094.0 0.327 316.2 0.017] 18,640.0
2532| 5,625.3| 0.275| 948.3| 0.046| 5,844.3| 0.286| 12,4179 0.607| 4,406.0] 0.215] 14321 0.070] 5,838.1] 0.285] 1,756.5| 0.086| 7,594.6| 0.371 436.5 0.021 20,4490
2533| 5,205.8| 0.276| 574.9| 0.030|] 2,826.7| 0.150f 8,607.5| 0.456] 4,935.9| 0.261| 2,119.9| 0.112] 7,055.8| 0.374] 2,960.4| 0.157|10,016.2| 0.530] 261.3 0.014 18,885.0
2534 3,596.0] 0.255| 502.0| 0.036 867.0] 0.062| 4,965.0( 0.353] 3,385.1] 0.240[ 2,859.0 0.203| 6,244.2| 0.444] 1,981.3] 0.141| 8,2254| 0.584] 887.6 0.063] 14,078.0)
25635 3,064.4| 0.255| 569.5| 0.047| 1,479.1 0.123| 5,113.0] 0.425| 2,414.9| 0.201] 1,835.3] 0.163] 4,250.2| 0.354] 1,124.6| 0.094| 5374.8| 0.447| 15322 0.127] 12,020.0
2536| 3,461.4[ 0.305| 408.1| 0.036 5125| 0.045] 4,382.0] 0.386] 3,950.6| 0.348| 1,842.9 0.162] 5,793.5] 0.510] 869.2| 0.077] 6,662.7] 0.587 304.3 0.027] 11,349.0]
2537| 3,176.4 0.131|1,864.7| 0.077( 2,194.9| 0.091 7,236.0] 0.299| 3458.3| 0.143 5,566.7 0.230] 9,025.0] 0.374] 3,906.7| 0.162] 12,931.8] 0.535] 3,9952 0.165) 24,163.0
2538| 5490.9 0.1521,134.3] 0.031| 2,7049| 0.075| 9,330.0| 0.258| 8,960.2| 0.247 4,866.6 0.134] 13,826.8] 0.382] 1,120.8| 0.031| 14,947.6/ 0413]| 11,9284 0.329 36,206.0|
2539 7,498.4| 0.233]1,359.0| 0.042| 3,233.6| 0.101| 12,091.0] 0.376] 6,813.0] 0.212| 7,288.5| 0.227| 14,1015 0.439] 2,007.1| 0.062| 16,108.6| 0.501| 3,9554 0.123] 32,155.0]
2540 6,257.6] 0.404| 401.5| 0.026] 216| 0.001 6,680.8| 0.432] 5460.2 0.353 2,238.9 0.145|  7,699.1 0.497| 850.2| 0.055] 8,549.3] 0.552 249.9 0.016] 15,480.0)
2541 2,849.4| 0.217| 323.3| 0.025| 3,100.9] 0.236| 6,273.6] 0.478] 3,819.9] 0.291| 1,221.8| 0.093] 5,041.7| 0.384] 1,338.4| 0.102| 6,380.1| 0.486| 469.3 0.036) 13,1230
2542| 1,841.5| 0.079]|1,080.6| 0.047| 4,067.9| 0.175 6,990.0 0.301| 34342 0.148| 6,412.2] 0.276| 9,846.5| 0.424] 4,0145| 0.173]13,861.0 0.597| 2,381.1 0.102) 23,232.0
2543] 3,922.1 0.1551,418.4| 0.056 9105 0.036] 6,251.0] 0.247|] 5941.6] 0.235| 5,268.7| 0.208] 11,210.3] 0.443] 4,843.6| 0.191]16,054.0] 0.634] 3,022.1 0.119 25327.0
2544 4,087.1] 0.153|1,616.5| 0.061| 4,1845| 0.157| 9,888.0] 0.371| 7,326.0| 0.275| 4,725.9| 0.177] 12,051.9| 0.452] 3,309.3| 0.124 15,361.2| 0.577| 1,394.8 0.052] 26,644.0
2545 6,823.9] 0.206|2,007.3| 0.061| 3,698.8| 0.112] 12,530.0] 0.379| 6,272.0] 0.190| 6,050.5| 0.183] 12,3226 0.373] 2,924.7| 0.088] 15,247.3| 0.461| 5,285.7 0.160] 33,063.0]
2546 7,788.8| 0.406| 704.4| 0.037 667.8] 0.035] 9,161.0[ 0.478| 6,548.5| 0.342( 14497 0.076| 7,998.2| 0417] 1,801.5| 0.094 9,799.7| 0511 2134 0.011 19,174.0)
2547 3,497.4| 0.193] 832.1| 0.046] 4295| 0.024| 4,759.0] 0.263| 6,836.6/ 0.378| 2,670.5 0.148| 9,507.1| 0.526] 2,030.8/ 0.112] 11,637.9| 0.638| 1,778.1 0.098] 18,075.0
2548 4,582.8| 0.254]|1,5222| 0.084] 996.0] 0.055] 7,101.0[ 0.394] 6,458.5| 0.358 2,761.9 0.1563] 9,220.4| 0.512] 14224 0.079]10,642.9] 0.591 275.2 0.015) 18,019.0
2549 6,770.9| 0.178(2,873.6| 0.076| 57655 0.152] 15410.0| 0406 6374.1| 0.168 7,663.5 0.202| 14,037.6] 0.370] 2,001.1| 0.053| 16,038.7| 0.423| 6,501.4 0.171 37,950.0
2550 7,232.9| 0.277| 938.0| 0.036| 3,688.1 0.141| 11,859.0] 0.455| 6,285.9] 0.241| 4,340.4 0.167| 10,626.3| 0.408] 3,107.1| 0.119] 13,733.5| 0.527| 474.6 0.018] 26,067.0
2551 5,645.9| 0.224| 669.7| 0.027| 4,523.8| 0.179| 10,839.4| 0.430] 6,6859| 0.265| 2,081.0| 0.083| 8,767.0| 0.348] 4,312.1| 0.171] 13,079.0f 0.519| 1,294.4 0.051 25212.8
2552 7,161.3| 0.368| 866.5| 0.045| 1,333.3] 0.068] 9,361.1| 0.481| 6,760.5| 0.347| 2,512.5| 0.129] 9,273.0| 0.476 100.6| 0.005| 9,373.6| 0.481 7343 0.038] 19,469.0)
4940 7,788.8| 0.406|2,873.6] 0.084] 7,317.5 0.366] 15410.0| 0.656] 8,960.2| 0.378 9,233.3 0.366| 14,101.5| 0.546] 4,843.6| 0.206| 16,108.6| 0.638| 11,928.4 0.329 37,950.0
Lﬂa‘ﬂ 5,005.2| 0.233]1,026.3] 0.045| 3,/426.0 0.150] 94575 0.427| 5358.0] 0.246( 3,723.5 0.160] 9,081.5| 0.406] 2,392.2| 0.107| 11,473.7 0513 1,592.4 0.060] 22,5236
m;’lﬁm 1,841.5( 0.079| 323.3| 0.019 216| 0.001 4,382.0( 0.247] 24149 0.142] 1,221.8| 0.069] 4,250.2| 0.285] 100.6] 0.005| 5,374.8| 0.327| 111.2 0.005) 11,349.0)
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