
Oasis in the middle Heihe river basin  
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𝑄𝑖𝑟𝑟.𝑡𝑎𝑟𝑔𝑒𝑡

50 km 

Irrigation plain "Zhangye" 

Heihe River 

Catchment area 

Size of box model 



 Project Work, Environmental Engineering Studies ETH Zürich 13.Nov. 2013 

 Gianni Pedrazzini 12 

 

 

𝑉

2.4 ∙ 109𝑚2

25𝑘𝑚 ∙ 100𝑘𝑚 1300 𝑚. 𝑎. 𝑚. 𝑠. 𝑙.

1355 𝑚. 𝑎. 𝑚. 𝑠. 𝑙. 12%
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𝑉(𝑡 + ∆𝑡)

ℎ(𝑡 + ∆𝑡) = ℎ(𝑡) +
∆𝑡

𝑛𝑒𝑓𝑓
∑ 𝑄𝑖(𝑡)

∑ 𝑄𝑖 (𝑡)

∆𝑡 𝑄𝑖

𝑋(𝑡𝑖+1) = 𝐴 ∙ 𝑋(𝑡𝑖) + 𝑏 ∙ 𝑢(𝑡𝑖)

𝑦(𝑡𝑖) = 𝑐 ∙ 𝑋(𝑡𝑖) + 𝑑 ∙ 𝑢(𝑡𝑖)

𝑋 𝑢

𝑋

ℎ

𝑋(𝑡𝑖) = [ℎ(𝑡𝑖)]

𝑢

𝑢(𝑡𝑖) = ∑ 𝑄𝑖

𝐴 𝑏 𝑐 𝑑

𝐴 = [1]

𝑏 = [∆𝑡
𝑛𝑒𝑓𝑓

⁄ ]

𝑐 = [1]

𝑑 = [0]

𝐴 𝑏 𝑐

𝑑 ∆𝑡 𝑛𝑒𝑓𝑓

𝑋

𝑦 𝑐 = [1]



 Project Work, Environmental Engineering Studies ETH Zürich 13.Nov. 2013 

 Gianni Pedrazzini 16 

 

𝑢

𝑢(𝑡𝑖) =  [𝑄𝑛𝑎𝑡.𝑟𝑒𝑐ℎ. (𝑡𝑖) + 𝑄𝑠𝑢𝑟𝑓.𝑖𝑟𝑟.𝑠𝑒𝑒𝑝.(𝑡𝑖) − 𝑄𝑝𝑢𝑚𝑝.𝑖𝑟𝑟.(𝑡𝑖) + 𝑄𝑝𝑢𝑚𝑝.𝑖𝑟𝑟.𝑠𝑒𝑒𝑝.(𝑡𝑖)

− 𝑄𝑟𝑖 𝑒𝑟(𝑡𝑖)]

 𝑄𝑛𝑎𝑡.𝑟𝑒𝑐ℎ.

Qnat.rech.

�̃�(𝑡 + ∆𝑡) =  𝜃1 �̃�(𝑡) + √1 − 𝑟1 
2 𝜀

�̃�(𝑡) =
𝑥(𝑡) − 𝑚𝑥

𝑠𝑥

𝑥(𝑡) = 𝑙𝑜𝑔(𝑦(𝑡))

𝑚log(𝑦) = log (
𝑚𝑦

2

√𝑚𝑦
2 + 𝑠𝑦

2

)

𝑠log(𝑦(𝑡)) = √log (1 +
𝑠𝑦

2

𝑚𝑦
2)

�̃� 𝑥 𝑚𝑥

𝑠𝑥 𝑦

𝑚𝑦 𝑠𝑦
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 𝑄𝑠𝑢𝑟𝑓.𝑖𝑟𝑟.

𝜀

 𝑄𝑠𝑢𝑟𝑓.𝑖𝑟𝑟.𝑠𝑒𝑒𝑝.

ksurf.irr.seep)

 𝑄𝑠𝑢𝑟𝑓.𝑖𝑟𝑟.𝑒𝑓𝑓.

Qsurf.irr.eff.

Qsurf.irr.seep.

 𝑄𝑝𝑢𝑚𝑝.𝑖𝑟𝑟.

𝑄𝑝𝑢𝑚𝑝.𝑖𝑟𝑟

 𝑄𝑝𝑢𝑚𝑝.𝑖𝑟𝑟.𝑠𝑒𝑒𝑝

k𝑝𝑢𝑚𝑝,𝑠𝑒𝑒𝑝𝑎𝑔𝑒

 𝑄𝑝𝑢𝑚𝑝.𝑖𝑟𝑟.𝑒𝑓𝑓.

𝑄𝑝𝑢𝑚𝑝.𝑖𝑟𝑟.𝑠𝑒𝑒𝑝

𝑄𝑝𝑢𝑚𝑝.𝑖𝑟𝑟.𝑒𝑓𝑓

 𝑄𝑟𝑖𝑣𝑒𝑟

𝑄𝑟𝑖𝑣𝑒𝑟

ℎ

ℎ𝑟𝑖𝑣𝑒𝑟

𝑄𝑟𝑖𝑣𝑒𝑟 = 𝛼𝑟𝑖𝑣𝑒𝑟 ∙ (ℎ2 − ℎ𝑟𝑖𝑣𝑒𝑟
2 )

                                                      
1
 Done as described by MathWorks, Article on generation of correlated random numbers,  

http://www.mathworks.com/support/solutions/en/data/1-CYHA89/index.html, 4.11.2013 
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𝛼𝑟𝑖𝑣𝑒𝑟 𝑄𝑟𝑖𝑣𝑒𝑟(ℎ = ℎ𝑛𝑎𝑡𝑢𝑟𝑎𝑙) = 𝑄𝑟𝑖𝑣𝑒𝑟.𝑛𝑎𝑡

𝑄𝑟𝑖𝑣𝑒𝑟.𝑛𝑎𝑡

 𝑄𝑡𝑜𝑡.𝑖𝑟𝑟.

𝑄𝑡𝑜𝑡.𝑖𝑟𝑟 = 𝑄𝑝𝑢𝑚𝑝.𝑖𝑟𝑟. + 𝑄𝑠𝑢𝑟𝑓.𝑖𝑟𝑟. − 𝑄𝑝𝑢𝑚𝑝.𝑖𝑟𝑟.𝑠𝑒𝑒𝑝 − 𝑄𝑠𝑢𝑟𝑓.𝑖𝑟𝑟.𝑠𝑒𝑒𝑝

 

 

ℎ𝑡𝑎𝑟𝑔𝑒𝑡 − ℎ

 

𝑄𝑡𝑎𝑟𝑔𝑒𝑡 − 𝑄𝑡𝑜𝑡.𝑖𝑟𝑟.

ℎ𝑡𝑎𝑟𝑔𝑒𝑡 ℎ 𝑄𝑡𝑜𝑡.𝑖𝑟𝑟.

𝑄𝑡𝑎𝑟𝑔𝑒

ℎ𝑡𝑎𝑟𝑔𝑒𝑡 = 1350𝑚. 𝑎. 𝑚. 𝑠. 𝑙.

5𝑚

ℎ𝑛𝑎𝑡 = 1355𝑚. 𝑎. 𝑚. 𝑠. 𝑙.

𝑄𝑡𝑎𝑟𝑔𝑒𝑡

𝑄𝑚𝑒𝑎𝑛,𝑛𝑒𝑡,𝐺𝑊−𝑖𝑛𝑓𝑙𝑜𝑤 𝑄𝑠𝑢𝑟𝑓.𝑖𝑟𝑟 ∙ (1 −

𝑘𝑠𝑢𝑟𝑓.𝑖𝑟𝑟.𝑠𝑒𝑒𝑝))

𝑄𝑚𝑒𝑎𝑛,𝑛𝑒𝑡,𝐺𝑊−𝑖𝑛𝑓𝑙𝑜𝑤 = 𝑄𝑠𝑢𝑟𝑓.𝑖𝑟𝑟.𝑚𝑒𝑎𝑛 ∗ 𝑘𝑠𝑢𝑟𝑓.𝑖𝑟𝑟.𝑠𝑒𝑒𝑝. + 𝑄𝑛𝑎𝑡.𝑟𝑒𝑐ℎ.𝑚𝑒𝑎𝑛−𝑄𝑟𝑖𝑣𝑒𝑟,𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑

𝑄𝑡𝑎𝑟𝑔𝑒𝑡 = 𝑄𝑚𝑒𝑎𝑛,𝑛𝑒𝑡,𝐺𝑊−𝑖𝑛𝑓𝑙𝑜𝑤 + 𝑄𝑠𝑢𝑟𝑓.𝑖𝑟𝑟.𝑚𝑒𝑎𝑛 ∙ (1 − 𝑘𝑠𝑢𝑟𝑓.𝑖𝑟𝑟.𝑠𝑒𝑒𝑝) + 𝑄𝑜𝑣𝑒𝑟𝑝𝑢𝑚𝑝

𝑄𝑟𝑖𝑣𝑒𝑟,𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑 = 𝛼𝑟𝑖𝑣𝑒𝑟 ∙ (ℎ𝑡𝑎𝑟𝑔𝑒𝑡
2 − ℎ𝑟𝑖𝑣𝑒𝑟

2 )

𝑄𝑜𝑣𝑒𝑟𝑝𝑢𝑚𝑝

𝑄𝑟𝑖𝑣𝑒𝑟,𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑

ℎ = ℎ𝑡𝑎𝑟𝑔𝑒𝑡
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𝑄𝑡𝑎𝑟𝑔𝑒𝑡

 

𝑄𝑝𝑢𝑚𝑝

𝑄𝑝
𝑐𝑜𝑛𝑡𝑟.

𝑄𝑝
𝑐𝑜𝑛𝑡𝑟. = 𝐾𝑝 ∙ 𝑒(𝑡𝑖) + 𝐾𝑖 ∙ ∫ 𝑒(𝑡𝑖)𝑑𝑡

𝑡𝑖

0

+ 𝐾𝑑 ∙
𝑑𝑒(𝑡𝑖)

𝑑𝑡

𝑒 𝐾𝑝 𝐾𝑖 𝐾𝑑

𝑒

𝑄𝑝

𝑄𝑝 = (1 − 𝑘𝑐𝑜𝑛𝑡𝑟.) ∙ 𝑄𝑝
𝑖 𝑟.𝑐𝑜𝑛𝑡𝑟. + 𝑘𝑐𝑜𝑛𝑡𝑟 ∙ 𝑄𝑝

𝑙𝑒𝑣𝑒𝑙.𝑐𝑜𝑛𝑡𝑟.

𝑄𝑝
𝑖𝑟𝑟.𝑐𝑜𝑛𝑡𝑟. 𝑄𝑝

𝑙𝑒𝑣𝑒𝑙.𝑐𝑜𝑛𝑡𝑟.

𝑘𝑐𝑜𝑛𝑡𝑟.

𝑄𝑝

𝑄𝑝
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ℎ𝑖𝑛𝑖𝑡𝑖𝑎𝑙

 

 

𝑇

𝑋

𝑇

𝑒𝑡𝑎

𝐴, 𝑏, 𝑐, 𝑑

𝑇(𝑡𝑖) = 𝐴 ∙ 𝑇(𝑡𝑖−1) + 𝑏 ∙ 𝑢(𝑡𝑖)

𝑦(𝑡𝑖) = 𝑐 ∙ 𝑇(𝑡𝑖) + 𝑑 ⋅ 𝑢(𝑡𝑖) + 𝑒𝑡𝑎(𝑡𝑖)

𝑋(𝑡𝑖) = 𝐴 ∙ 𝑋(𝑡𝑖−1) + 𝑏 ∙ 𝑢(𝑡𝑖)

𝑡𝑖

𝑡𝑖−1 𝑢(𝑡𝑖)

𝑃(𝑡𝑖) = 𝐴 ∙ 𝑃(𝑡𝑖−1) ∙ 𝐴𝑇 + 𝑄

𝑄

 

𝑦 𝑇

𝑐 𝑒𝑡𝑎

𝑒𝑡𝑎 0

𝑒𝑡𝑎𝑚𝑒𝑎𝑠.𝑣𝑎𝑟.

𝑦(𝑡𝑖) = 𝑐 ∙ 𝑇(𝑡𝑖) + 𝑒𝑡𝑎(𝑡𝑖)

                                                      
2
 Information on the Kalman-Filter was summarized from the following sources: [Perreault 

2012], [Wikipedia],  
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𝑋𝑘 𝑋

𝑋𝑘(𝑡𝑖) = 𝑋(𝑡𝑖) + 𝐾(𝑡𝑖) ∙ (𝑦(𝑡𝑖) − 𝑐 ∙ 𝑋(𝑡𝑖))

𝑃𝑘

𝑃𝑘(𝑡𝑖) = (𝐼 − 𝐾(𝑡𝑖) ∙ 𝑐) ∙ 𝑃(𝑡𝑖)

𝐾

𝐾(𝑡𝑖) = 𝑃(𝑡𝑖) ∙ 𝑐𝑇 ∙ 𝑆−1(𝑡𝑖)

𝑆

𝑆(𝑡𝑖) = 𝑐 ∙ 𝑃(𝑡𝑖) ∙ 𝑐𝑇 + 𝑅

 

𝑘_𝑐𝑜𝑛𝑡𝑟
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𝑄𝑟𝑖𝑣𝑒𝑟
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𝑄𝑟𝑖𝑣𝑒𝑟

𝑄𝑠𝑢𝑟𝑓.𝑖𝑟𝑟.𝑠𝑒𝑒𝑝)

𝑄𝑠𝑢𝑟𝑓.𝑖𝑟𝑟.𝑠𝑒𝑒𝑝. 𝑄𝑛𝑎𝑡.𝑟𝑒𝑐ℎ.

𝑄𝑡𝑜𝑡.𝑖𝑟𝑟.

𝑄𝑖𝑟𝑟.𝑡𝑎𝑟𝑔𝑒𝑡
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𝑄𝑖𝑟𝑟.𝑡𝑎𝑟𝑔𝑒𝑡

𝑄𝑠𝑢𝑟𝑓.𝑖𝑟𝑟.𝑒𝑓𝑓.
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𝑘𝑐𝑜𝑛𝑡𝑟

𝑘𝑐𝑜𝑛𝑡𝑟.

𝑘𝑐𝑜𝑛𝑡𝑟
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