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Verdigris River, Kansas, USA
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http://www.geospectra.net/fieldgeology/ksgeomap.gif
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| grew up on a creek!
Rock Creek

1 section = 640 acres
=1 mile? =~2.6 km?
(~1,620 rai)



Mississippi River Basin verdigris River

Rivers and Complexity

From a

management
4th largest perspective, a
catchment or
watershed is a
sensible way to

3.2 million km? divide territory.

catchmentin
the world

1/3 USA area

Western “half” purchased from France in 1803 for $7/km?



WHAT IS AWATERSHED?

Also known as a “catchment”, which is divided into sub-catchments (micro-catchments). The stream system fallows
an ordering. The streams and divides form natural, observable boundaries.

Basins > {Catchment, Watershed} > sub-catchments > Micro-catchments (no hard rules on terminology)

Stream order classifies streams
according to their size and position in
the watershed. When two first-order

streams intersect, the downslope stream
is assigned an order of two. When two .
second-order streams intersect, the
1’ First Order downslope stream is assigned an order
Second Order of three, and so on. This most common
~ Third Order method of ordering is known as the

™ Fourth Order & higher  Strahler Method.

Credit: K. Ferrare

https://hudsonwatershed.org/what-is-a-watershed/ https://www.kuhl.com/borninthemountains/river-bagging-the-new-hampshire-73/
ps: . -is-a-
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Where?



India Bangladesh

Ichimati River

Issue: Management Disparity
& Ecosystem Health?






Issue: Disputed Boundary



(oo agninoA) uonisoda pue uoISolg 1oAY


https://www.youtube.com/watch?v=3YdEkegvJCQ

River Islands

Towhead/v

WE judged that three nights more would fetch us to Cairo, at the bottom of Illinois,
where the Ohio River comes in, and that was what we was after. We would sell the
raft and get on a steamboat and go way up the Ohio amongst the free States, and
then be out of trouble.

Well, the second night a fog begun to come on, and we made for a towhead to tie
to, for it wouldn’t do to try to run in a fog; but when | paddled ahead in the canoe,

with the line to make fast, there warn’t anything but little saplings to tie to. [Mark

Twin, Adverntures of Huckleberry Finn]
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Cambodia - Vietham Border



Terms

Discharge (Q; m3/s)
Streamflow

Slope (S; % or -): rate of decline
Component of energy

Density (p) of “water”
p = mass/volume

Sediment Concentration (Kg/m?3)
Affects density (p)

Gravitational acceleration
g=9.8 m/s?

Stream power is the amount of
energy a river exerts on the banks
or bed of the river.

Q=pgQS



Columbia River Estuary

No Delta?

Deep Valley (glacial activity)

Strong N/S current (pulls sediment away)

Portland Oregon

|
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Questions?



Paradox of rivers as boundaries

* Rivers are conspicuous static features on “maps”
* River are not necessarily static natural boundaries

* Rivers are complex, in space and time.

* Many rivers are everchanging, dynamic in space and time
* Boundary choices: the river, the bank, the “center”.

* Thalweg: the deepest place in the valley or river.



Questions?



Heraclitus, the son of Blyson, was from
the lonian city of Ephesus, a port on the
Kayster River, on the western coast of
Asia Minor (modern-day Turkey).

TTAVTA PEI (panta rhei)



Kayster River: meaning is the little meander

s

Meander: a winding path or courseway (noun); to bend or follow a windy pathway (verb). “Random”is almost implied.






Where’s the Big Meander?

Big Meander



IDEALIZATION

CONFINING
MOUNTAINS

FLAT
FLOODPLAIN



Meandering Stream

Rivers carry the products of erosion as well as water,
and in meanders, some sediment is transported by
scour and fill. Scour takes place on the outer banks of
the bends and deposition on the inner banks ... Friedkin
showed that most of the sediment eroded from one
bank is deposited on the point bar on the same side of
the channel in the next bend downstream. Such scour
and fill causes an increase in the amplitude of the
meander or migration of the channel along the valley,
o.r both, without the width of the channel changing...

Callander, R A (1978). River Meandering.

Annual Review of Fluid Mechanics, 10(1), 129—
158. doi:10.1146/annurev.fl.10.010178.001021

Sinuosity: degree of curviness
or windiness in two dimensions



What is the
iImplication of
having a boundary

( ) defined
by this river?

Mississippi River
Fisk (1944)



Entrenched meander



https://www.youtube.com/watch?v=STgbHFvUMlE

Time

It takes time for a subtle curve to become a acute
meander

but

Some changes can be “fast”



Lan Na Kingdom (million rice fields)

King Meng Rai

King Meng Rai succeeded his father as ruler of the Nakhon
Hiran Ngoen Yang (#fyumsluenadasann), principality of Chiang

Saen in 1259 and moved his state to Chiang Rai in 1262.

He worked for more than a decade to prepare the conquest
of the Chiang Mai region where Mon rulers had centered
their kingdom of Haripunjaya since the 9th century.

He captured Haripunjaya (now Lamphun) in 1281. In 1287
he made an alliance with Ramkhamhaeng of Sukhothai and
the ruler of Phayao, hoping to take advantage of the
Mongol capture of Pagan, the Burmese capital; and he may
have assisted in the Shan conquest of Pagan in 1290.

In 1296 he founded Chiang Mai, which became the capital
of the kingdom of Lan Na (The Country of a Million Rice
Fields), which remained a major power in the region until
the 16th century.

First, he found Wiang Kum Kam



The (hi)Story of Wiang Kum Kam

Ancient Lanna capital (Chiang Mai) ... the “Atlantis” of the Lanna Kingdom
Serene: Abandoned in 1500s in response to recurrent flooding

Major change in river course (Avulsion)

Adaptation: people moved



Teo (2018)



Methods

Geochronology
-Samples for OSL dating
- Interpretation of samples



Paleostage Indicators
-Excavation of floodplain
deposits

- Sediment grain-size analysis
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(hi)Story of Wiang Kum Kam

Wiang Kum Kam
established in 1286 AD

— King Mengrai moves to

Chiang Mai in 1291 AD

v Plagued by persisting floods:
WKK continues to - Floodplain stratigraphy
thrive as a fortified city - Adaptation: mitigation
structures built (est. 1411 AD)

Vv

High energy flood event (est. 1477 — 1512 AD):
-Breached dyke

- Deposition of coarse sand
- Choked Ping River, drastic avulsion of Ping River (OSL: est. 1412-1552 AD)

l

Abandonment of WKK:

- Architectural discontinuities after 1500s

- No records of the city after 1500s

- Related to the ‘devastating flood’ in 1524/25 AD in the Chiang Mai Chronicle?




Why Rivers Move

Channel (in)Stability
Erosion & Deposition
Stream Power

Lane’s Scale (relationship)
Pulses of water/sediment
Dynamic Equilibrium

Triggers: Rainfall, Disturbance, Blockage R TECERLE importance of fluvial morphology in

hydraulic engineering. Proceedings, American Society of Civil
Engineers, Vol. 81, Paper 745, July.



https://www.youtube.com/watch?v=UBivwxBgdPQ

(oo agninoA) uononponu uy :ASojoydiowioss 1eiAn]


https://www.youtube.com/watch?v=MtJyYywarE0

(oo agninoA) uonisoda pue uoISolg 1oAY


https://www.youtube.com/watch?v=3YdEkegvJCQ

(lWWo3agni1noA) uonisoda(g pue uoIisoJg 1oAY



where

Tropical Rivers

form

Orogenic
Belts

Cratonic
INGER

Sedimentary
Basins




910AD 180130101PAH






Plate Tectonics nimation

Credits: WorldAtlas; CosmosMagazine



African Rift System Jordan River



Rifts
IN
Thailand?

Morley, C. K. (2015). Five anomalous
structural aspects of rift basins in Thailand
and their impact on petroleum

systems. Geological Society, London,
Special Publications, 421(1), 143-168.



Rlate Tectonics




Doi Suthep, Chiang Mai
Metamorphic Core Complex: inherited river system (Mae Sa)




PALEOFLOODS




Evolving Earth






Evidence of Past Floods Mekong
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Anabranching Braiding

Cooper Creek
Australia

Rakaia River
New Zealand



NANSON, GERALD C.; KNIGHTON, A.
DAVID (1996). ANABRANCHING
RIVERS: THEIR CAUSE, CHARACTER
AND CLASSIFICATION. Earth Surface

Processes and Landforms, 21(3), 217—-
239. doi:10.1002/(sici)1096-
9837(199603)21:3<217::aid-
esp611>3.0.co;2-u




Magdelena

(lLinear basin; headwaters in active
orogenic belts)

Subsistence foreland; anastomosing pattern; high vertical aggradation



Fly River
(lLinear basin; headwaters in active
orogenic belts)

Not
islands

Poorly developed

flood plain, except near
ocean



Irian Jaya
(Indonesia)



Ganga

(lLinear basin; headwaters in active
orogenic belts)

Wide alluvial plane after debouching from the mountains

https://english.newstracklive.com/



Most parts located in the foreland

, termed a “megafan” receiving runoff
from several rivers




Kosi River

Bihar (2022)




Kosi River

Bihar (2013)







Much Ado
About
Thalwegs

Lowest point?
Fastest flow?

Measuring Stream discharge (water flow rate)

The term "thalweg" refers to the line of lowest elevation within a valley or watercourse, such as a river or stream. It
represents the natural pathway that water follows as it flows downhill. In legal and geographic contexts, the thalweg is
often used to define boundaries between states or jurisdictions, particularly in cases involving bodies of water.



Alt ways to measure the thalweg

* ANN (Aghamolaei, Z., & Hessami-Kermani, M. R. (2023). Developing a new Artificial
Intelligence framework to estimate the thalweg of rivers. Water Resources Management,
37(15), 5893-5917)

e LiDAR (Guilbert, E., Jutras, S., & Badard, T. (2018). Thalweg detection for river network
cartography in forest from high-resolution lidar data. The International Archives of the
Photogrammetry, Remote Sensing and Spatial Information Sciences, 42, 241-247.)

* Georeferenced Sonar (Swinson, K. W. (2012). Analysis of Georeferenced Sonar-Based
Thalweg and Cross-Sectional River Depth Profile Measurements).



WorldView?2
satellite
images.



Mekong

Flow Reversal

30-90 m thalweg



https://www.google.com/url?sa=i&l
c.usp.br%2Flegal%2Faggradation-&
semi-arid-tropical-brazil-how-the-c
landscape-along-the-sao-franciscc
river%2F&psig=AOvVaw2PWPwbift
14106147642000&source=images&
ved=0CBQQjhxqFwoTCMDD5ZnF3I
R



You will remember that | asked if you would be willing to offer a physical geographer's perspective on terms that

are commonly used in river boundary definition. My idea is that | lead the 'river boundary definition' session using

the attached set of slides as a framework - but from time to time | will stop and ask you for comments on features
of the river channel / channel-shaping processes, including:

| appreciate that you may have mentioned some of these terms in your initial presentation, and a little overlap is
fine. But the afternoon session is where | really want to dig in to the terms. Questions to think about might include:

- How do you go about identifying the thalweg? Is a hydrographic survey necessary or are there other (cheaper)
approaches, even if those approaches involve some compromise in terms of precision? How stable are thalwegs
over time?

- How do you identify the bank of a river? (This is critical to the identification of the median line, but my feeling is
that its often a hugely challenging task - especially for surveyors who like a rules-based approached)

- Is there a clear definition of an avulsion, especially in terms of timescale, or is it more complex than it first

If other points for discussion occur to you as you flick through my slides, please feel free to suggest them!

If there are any illustrations you would like to inset into the slide deck, just let me know. We can add graphics any
time between now and the start of the workshop.




Mekong

(lLinear basin; headwaters in active
orogenic belts)

https://www.rainforestcruises.com/guides/upper-vs-lower-mekong



Marajo, a large coastal island, Para, Brazil.

Fun facts:
World’s largest riverine “island”

Fun fact: small islands are affected by
the

Marajo


https://www.youtube.com/watch?v=z7ZBmPS9jKw
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